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LRC-TriCEPS Target Identification on Living Cells
versus Al-Based Protein—Protein Interaction
Prediction

A scientific benchmark

Representative Al model: Boltz-2.1

Four retrospective projects: insulin, TIMP-1, bacterial superantigen SEE and VISTA

Purpose of this report

To test whether a current Al-based protein—protein co-folding model can identify an
independently validated target when that target is included among ten proteins
selected from an LRC-TriCEPS dataset.
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Executive summary and conclusions

Central conclusion

LRC-TriCEPS cannot currently be replaced by Al-based protein—protein interaction
prediction. Boltz-2.1 can support an initial review of a short, experimentally
generated list in some cases, but a low Al score must not be used to exclude an LRC-
TriCEPS target candidate.

The Al task was deliberately easier than the experimental discovery task. A typical
successful LRC-TriCEPS experiment usually leads to fewer than five target candidates.
For this standardized benchmark, ten proteins from each experimental dataset were
submitted to Boltz, including the independently validated target and additional
comparison proteins.

‘ Relative difficulty ‘ Validated target Boltz result Benchmark outcome
Insulin ok INSR / IGF1R INSR #1; IGF1R #2 Clear positive-control success
Partially inf ive; di
Bacterial SEE e He Fr e LAMA2 LAMA?2 #4 artially informative; did not

prioritize the defining discovery
Clear success in this pairwise
ranking

VISTA 1 8.2 8 8¢ PSGL-1 PSGL-1 #10 Validated target ranked last

TIMP-1 Yk ok ke APP / APLP2 APLP2 #1; APP #2

What the benchmark supports

e Boltz correctly prioritized validated targets in two of four projects: the canonical insulin system
and the TIMP-1 APP-family system.

e Boltz did not reliably prioritize the unexpected LAMA?2 target and failed to prioritize the pH-
dependent VISTA-PSGL-1 interaction.

e Al can assist with an initial analysis of an LRC-TriCEPS shortlist and may suggest structural
hypotheses for validation.

e LRC-TriCEPS remains sufficient as a stand-alone experimental target-identification method; Al is
optional downstream support, not a required component.

e Alow iPTM value is not evidence that an experimentally enriched target is biologically irrelevant.

Practical recommendation

Use Al ranking as non-decisive supporting information after LRC-TriCEPS has
generated the biological shortlist. Continue to prioritize enrichment, statistical
evidence, controls and orthogonal validation over Al confidence scores.
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1. Aim and design of the benchmark

The aim was to test a practical question relevant to target discovery: when an independently validated
target is placed among ten proteins detected in an LRC-TriCEPS experiment, does a current Al tool for
protein—protein interaction prediction rank the validated target at or near the top?

The benchmark was retrospective. The biological answer was known before the Al analysis. Boltz was
not asked to search the complete proteome and was not given only the final LRC-TriCEPS candidates.
Instead, each test included ten proteins: the validated target plus additional proteins detected in the
corresponding experimental output. This standardized design made the Al ranking task more difficult
than ranking the usual final LRC-TriCEPS shortlist, but much easier than unbiased target discovery on
living cells.

Why Boltz-2.1 was selected

Several modern co-folding models can predict the three-dimensional arrangement of biomolecular
complexes. Boltz-2.1 was selected as a representative advanced model because the Boltz family was
developed specifically for biomolecular interaction modeling, supports all-atom protein-complex
prediction and modified residues, and was reported by its developers to approach AlphaFold3-level
structural accuracy in its open-source predecessor while extending the framework in Boltz-2. The
model is therefore a scientifically relevant test of what a current, high-performing Al co-folding
approach can contribute.

This report does not claim that Boltz-2.1 is superior to every alternative Al method, nor does it
compare Al platforms against one another. It tests whether a representative state-of-the-art approach
can safely prioritize experimentally validated targets in realistic LRC-TriCEPS-derived comparison sets.

Boltz-2: Towards Accurate and Efficient Binding Affinity Prediction — bioRxiv / PubMed record (2025)

2. LRC-TriCEPS in brief

LRC-TriCEPS is a hypothesis-free chemoproteomic method for identifying ligand-proximal targets on
living mammalian cells. It can be applied to established cell lines and primary cells, including cells
maintained in a biologically relevant state such as activated T cells. Adherent cells can be investigated
directly in the culture plate, while suspension and primary cells are processed under conditions
selected to preserve ligand binding.

The ligand and control probes are coupled to the TriCEPS reagent and incubated with living cells.
Proteins located close to the bound ligand are covalently captured, purified and identified by LC-
MS/MS. Quantitative comparison of ligand and control conditions produces an experimentally
grounded list of target candidates. The method does not require genetic modification, target
overexpression or a prior hypothesis about target identity.
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Because the experiment is performed on living cells, endogenous expression, accessibility, membrane
organization and naturally present post-translational modifications contribute to the observed signal.
These conditions do not reproduce the complete patient environment, but they retain substantially
more cellular context than an isolated pairwise sequence prediction.

A typical experiment detects several hundred to approximately one thousand surface-associated
proteins. Integration of enrichment, statistical significance, peptide evidence, localization and controls
usually reduces the result to fewer than five target candidates for orthogonal validation.

Key publications describing the technology

Direct identification of ligand-receptor interactions on living cells and tissues
Nature Biotechnology (2012)

Ligand-based receptor identification on living cells and tissues using TRICEPS
Nature Protocols (2013)

HATRIC-based identification of receptors for orphan ligands

Nature Communications (2018)

3. Boltz analysis and interpretation

Each ligand—protein pair was modeled separately with Boltz-2.1. The proteins were ranked by
interface predicted template modeling score (iPTM), a confidence metric for the predicted relative
arrangement of protein chains. iPTM is not a binding assay and does not prove a physiological
interaction.

Mature ligand sequences and extracellular target regions were used where appropriate. Relevant
modifications were included when technically supported, including sulfotyrosine in the corrected
PSGL-1 input. Native cell-specific glycoforms, receptor clustering, membrane organization and explicit
acidic-pH protonation were not reproduced. These limitations are especially important for VISTA-
PSGL-1.

Interpretation rule

High Al confidence may support a structural hypothesis. Low Al confidence cannot
invalidate an interaction observed on living cells and confirmed by independent
experiments.
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4. Insulin positive-control project

Source: insulin control arm within the LAMA2 study

Staphylococcal Superantigens Use LAMA?Z as a Coreceptor To Activate T Cells

The Journal of Immunology (2018)

Biological relevance

Insulin was used as the positive-control ligand in the historical LRC-TriCEPS study that formed the basis
of the subsequent SEE-LAMA?2 publication. It is a classical peptide hormone with established targets,
principally INSR and the related IGF1R. This favorable system tests whether Boltz recognizes a
canonical interaction family with extensive prior structural knowledge.

What LRC-TriCEPS found

In the positive-control arm of the SEE study, LRC-TriCEPS detected the expected insulin-target signal
on Jurkat cells. INSR was statistically supported. IGF1R was weaker in the proteomic comparison,
consistent with moderate expression in these cells, but is independently established as an insulin-
family target. For the Al benchmark, these two established targets were placed among eight
additional proteins detected on the insulin side of the same experiment.

Boltz ranking

Rank Protein | iPTM " Role in benchmark

1 INSR 0.914 Validated target

2 IGF1R 0.904 Established insulin-family target
3 LAMP1 0.835 Protein for comparison
4 SLC1A4 0.709 Protein for comparison
5 CD36 0.695 Protein for comparison
6 CD1C 0.677 Protein for comparison
7 BTN3A1 0.657 Protein for comparison
8 MFGES8 0.601 Protein for comparison
9 SAP 0.545 Protein for comparison
10 SLC39A10 0.220 Protein for comparison

Interpretation

Boltz ranked INSR first and IGF1R second. This is a clear positive-control result. It demonstrates that Al
ranking can be informative in a canonical, structurally familiar system, but it does not establish
reliability in orphan or context-dependent target-identification projects.
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5. TIMP-1 target-identification project

Official publication

TIMP-1 is a novel ligand of Amyloid Precursor Protein and triggers a proinflammatory phenotype in human

monocytes
Journal of Cell Biology (2023)

Biological relevance

TIMP-1 is best known as an inhibitor of metalloproteinases, but it also produces cytokine-like
biological effects that cannot be explained by metalloproteinase inhibition alone. The cell-surface
target responsible for these effects was not known. This represents an intermediate-to-difficult
discovery problem: the ligand is a soluble human protein, but the relevant target biology was
unexpected.

What LRC-TriCEPS found

LRC-TriCEPS was applied to living Namalwa B cells and produced a small set of target candidates.
Independent experiments subsequently validated APP and APLP2 as TIMP-1-binding cell-surface
proteins. Functional work showed that TIMP-1 can drive a pro-inflammatory phenotype through APP.
For the benchmark, APP and APLP2 were placed among eight additional proteins from the
experimental dataset.

Boltz ranking

Rank Protein ‘ iPTM ‘ Role in benchmark

1 APLP2 0.690 Validated target

2 APP 0.601 Validated target

3 PLXNB2 0.394 Protein for comparison
4 CD22 0.374 Protein for comparison
5 IGF2R / MPRI 0.331 Protein for comparison
6 ADAM10 0.275 Protein for comparison
7 VTNC 0.194 Protein for comparison
8 PODXL 0.190 Protein for comparison
9 LRIG1 0.151 Protein for comparison
10 ANXA1 0.136 Protein for comparison

Interpretation

Boltz ranked APLP2 first and APP second. The Al ranking therefore reproduced the two independently
validated APP-family targets. This is a positive result for using Al as an initial review tool once LRC-
TriCEPS has already supplied an experimentally grounded list.
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6. Bacterial superantigen SEE project

Official publication

Staphylococcal Superantigens Use LAMA?Z as a Coreceptor To Activate T Cells

The Journal of Immunology (2018)

Biological relevance

The original work showed that staphylococcal superantigens activate T cells through an unusual LCK-
independent pathway involving a Gall-containing GPCR. The authors therefore expected that the
missing molecular link might be a GPCR or a conventional membrane-associated component of that
pathway. The target identity was unknown.

What LRC-TriCEPS found

LRC-TriCEPS required no target hypothesis and clearly identified LAMA?2 as the strongest target
candidate. LAMAZ is the alpha-2 subunit of extracellular-matrix laminin and is not directly anchored in
the plasma membrane. Follow-up ELISA, pull-down and surface-plasmon-resonance experiments
supported direct SEE-LAMA2 binding, and the publication connected the LAMA2 G4 domain to
downstream GPCR signaling. This illustrates that LRC-TriCEPS can detect biologically relevant ligand-
proximal proteins even when the result does not match the expected target class.

Boltz ranking

Rank Protein ‘ iPTM ‘ Role in benchmark

1 TVB1 0.662 Protein for comparison
2 LAMP3 0.467 Protein for comparison
3 IGHG1 0.454 Protein for comparison
4 LAMA2 0.383 Validated target

5 S1PR4 0.380 Protein for comparison
6 FUT7 0.364 Protein for comparison
7 ITGAS 0.209 Protein for comparison
8 TRBC1 0.204 Protein for comparison
9 IFNGR1 0.198 Protein for comparison
10 DSG1 0.170 Protein for comparison

Interpretation

Boltz ranked LAMAZ2 fourth. Three comparison proteins received higher iPTM values, including TVB1 at
rank one. The model did not completely miss LAMAZ2, but the ranking would not have focused
attention on the experiment-defining and subsequently validated discovery.
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7. VISTA-PSGL-1 immune-checkpoint project

Official publication

VISTA is an acidic pH-selective ligand for PSGL-1
Nature (2019)

Biological relevance

VISTA is an immune-checkpoint protein that suppresses activated T cells and can contribute to
immune escape in tumors. Its counter-target on activated T cells remained unresolved for years
despite substantial academic and industrial interest. The interaction is biologically demanding because
VISTA engages PSGL-1 selectively under acidic conditions through a histidine-rich interface, and PSGL-
1 is strongly post-translationally modified.

LRC-TriCEPS identified PSGL-1 as the previously unknown VISTA target and thereby revealed a novel
drug-target axis in the acidic tumor microenvironment. The VISTA—PSGL-1 interaction continues to be
investigated as a novel therapeutic target in cancer immunotherapy. This later interest is important
context: the LRC-TriCEPS discovery did not merely explain a binding event; it identified biology that
can be pharmacologically addressed.

What LRC-TriCEPS found

The experiment was performed on primary activated T cells under acidic binding conditions. The
VISTA ligand construct contained an Fc domain, and LRC-TriCEPS detected several Fc-receptor-related
signals in addition to ligand-derived proteins. These expected interactions could be separated from
the remaining biological candidates. Two candidates were prioritized. PSGL-1 was subsequently
confirmed through direct binding, competition, mutational, genetic and functional experiments,
establishing it as a novel VISTA target and a new therapeutic target opportunity.

This is also an example of a ligand with more than one detectable target class: LRC-TriCEPS
simultaneously revealed expected Fc interactions and the previously unknown pH-dependent PSGL-1
biology. The Fc-receptor proteins were not included in the standardized ten-protein Boltz ranking
reported here; consequently, no Boltz rank is available for them.

Boltz ranking

Rank Protein ‘ iPTM ‘ Role in benchmark

1 DCD 0.899 Protein for comparison
2 ITGA2B 0.563 Protein for comparison
3 PIP 0.549 Protein for comparison
4 APOH 0.514 Protein for comparison
5 CTSD 0.491 Protein for comparison
6 TGM1 0.471 Protein for comparison
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7 GP1BA 0.374 Protein for comparison
8 ITGB3 0.315 Protein for comparison
9 DSG1 0.265 Protein for comparison
10 PSGL-1 / SELPLG 0.208 Validated target

Interpretation

PSGL-1 ranked tenth of ten despite use of the corrected sequence and inclusion of the relevant
sulfotyrosine modification. Every comparison protein received a higher iPTM. This is the clearest false-
negative-type result in the benchmark. An Al-based exclusion rule would have discouraged follow-up
of the validated target and missed a therapeutically relevant checkpoint axis.
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Project ‘ Validated target Boltz rank Interpretation

Insulin INSR / IGF1R #1/#2 Al correctly prioritized a canonical target family
TIMP-1 APLP2 / APP #1/#2 Al correctly prioritized both validated targets
Bacterial SEE LAMA2 #4 Al did not prioritize the defining discovery
VISTA PSGL-1 #10 Al ranked the validated target last

LRC-TriCEPS and Al do not perform the same task.

LRC-TriCEPS Boltz-2.1

Experimentally identifies ligand-proximal targets on living
cells.

Predicts the structural confidence of molecular entities
that have already been submitted.

Can discover unexpected targets without a prior
hypothesis.

Cannot identify a target that is absent from the input list.

Includes endogenous expression, accessibility and cellular
context.

Uses a simplified molecular representation and does not
reproduce the full cell environment.

Typically produces fewer than five target candidates for
validation.

Can support an initial review of that shortlist, but cannot
safely exclude low-scoring candidates.

Final conclusion

LRC-TriCEPS is sufficient as a stand-alone method for experimental target
identification on living cells. Current Al-based protein—protein interaction prediction
can help in selected cases after an experimental shortlist exists, but it cannot replace
the discovery experiment and should not be used as a negative filter.

9. Limitations

e The benchmark contains four retrospective systems and is not a formal statistical validation study.

e The ten-protein comparison sets were selected from historical experimental outputs and were not
prospectively blinded.

e Only one Boltz prediction per ligand—protein pair was used for ranking; replicate predictions or
alternative constructs may change individual scores.

e Native cell-specific glycosylation, membrane anchoring, receptor clustering, local avidity and
explicit environmental protonation were not fully modeled.

e LRC-TriCEPS identifies ligand-proximal targets. A captured protein may be a direct binding target, a
coreceptor or a component of a target complex; orthogonal validation remains essential.
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