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The mass spectrometry data generated in this study have been deposited to the ProteomeXchange Consortium (http://proteomecentral.proteomexchange.org) via
the PRIDE partner repository under the accession code PXD020481 (http://www.ebi.ac.uk/pride/archive/projects/PXD020481). SwissProt-reviewed human protein
databases were downloaded from (https://www.uniprot.org/). Source data are provided with this paper.

For experiments including mass spectrometry, sample size was not predetermined by statistical methods for relative quantitative mass
spectrometry experiments. However protein quantities were modeled based on the intensity of at least two peptides using Tukey's median
polish method ensuring robust label-free quantification that allows for statistical testing with sample size at least n=3 that is commonly
employed for quantitative proteomics investigations. For the single cell chemosensitivity screen, 10 technical replicates were analysed per
time point based on the previously established pharmacoscopy workflow.

Peptide identifications mapping to decoy or contaminant proteins or internal reference peptides were excluded from further analysis.

Additionally, peptides were filtered based on MS/MS identification score to ensure a false discovery rate of < 1%. Outliers based on

principal component analysis were removed to retain minimally two biological replicates per condition.

Overall, the anti-CD20 antibody-guided LUX-MS experiments were performed three times with increased replication and demonstrated the
reproducibility of the optoproteomic workflow. Labeling and identification of extracellular protein interactions by LUX-MS was validated using
bioorthogonal methods such as flow cytometry and confocal microscopy, and literature-based knowledge mining, respectively. Furthermore,
small molecule, biomolecule, pathogen and immunogen guided LUX-MS was performed in at least two independent experiments with high
overlap of identified proximity candidates. Cell surface localization of phage-LUX identified Listeria monocytogenes proteins was verified in
two independent experiments using lysozyme-treated and untreated bacteria. Single cell chemosensitivitiy screen was performed with 10
technical replicates per time point (24 and 48 h of treatment).

This study consists of multiple independent (LUX-MS) experiments with a smaller number of sample (n < 10) that were sequentially acquired
by LC-MS/MS thereby minimizing technical variance and obviating the need for randomization.

Investigators were not blinded to allocation of biological samples as the results of the mass spectrometry experiments are

of technical nature and not prone to a potential observer bias.
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Methodology

Sample preparation

The following antibodies were used for flow cytometry analysis of murine cells: CD8a-BV510 (BioLegend, cat: 100752, clone: 53-6.7),
CD45.1-PacificBlue (BioLegend, cat: 110722, clone: A20), CD44-APC (BD Biosciences, cat: 559250, clone: IM7), CD11c-PerCP
(BioLegend, cat: 117326, clone: N418), CD69-PeCy7 (BioLegend, cat: 104512, clone: H1.2F3), CD25-FITC (BD Biosciences, cat: 553072,
clone: 3C7).

The following antibodies were used for LUX-MS experiments: mouse IgG Isotype control antibody (Invitrogen, cat: 10400C), anti-
human CD20 mouse IgG2 monoclonal antibody (Invitrogen, cat: 14-0209-82, clone: 2H7), anti-human CD38 chimeric monoclonal
antibody kindly provided by Centrose LLC, anti-human CD54 mouse IgG1 monoclonal antibody (BioLegend, cat: 322704, clone:
HCD54), anti-human CD166 mouse IgG1 monoclonal antibody (BioLegend, cat: 343902, clone: 3A6), anti-human CD220 mouse IgG2
monoclonal antibody (BioLegend, cat: 352602, clone: B6.220).

The following antibodies were used for single cell chemosensitivity screening: Alexa Fluor 647 anti-human CD33 mouse IgG1 antibody
(BioLegend, cat: 366626, clone P67.6, lot: B306895).

The following antibodies were used for immunofluorescence microscopy: Alexa Fluor 555 anti-HA tag monoclonal antibody
(Invitrogen, cat: 26183, clone: 2-2.2.14, lot: UC283116).

All commercial antibodies (except Alexa Fluor 555 anti-HA tag monoclonal antibody) were quality tested by flow cytometric analysis
by the manufacturer. Alexa Fluor 555 anti-HA tag monoclonal antibody was quality tested by western blot and immunocytochemistry
analysis by the manufacturer. The in-house developed anti-CD38 antibody was independently validated by Centrose LLC.

Patient-derived B-lymphoma cell line SUDHL-6 (ATCC, CRL-2959), patient-derived promyelocytic leukemia cell line HL60
(ATCC CCL-240) and human Burkitt lymphoma B cell-line Ramos (ATCC, CRL-1596) were originally purchased from ATCC.
Mouse dendritic cell line MutuDC1940 was established and provided by Hans Acha-Orbea (Department of Biochemistry,
University of Lausanne, Switzerland; Fuertes Maracco et al. 2012, Front. Immunol.).

Cell surface protein interactions on previously established and commonly used cell lines were investigated using LUX-MS and
revealed cell type specific surface markers. No further authentication was applied.

In the context of this study, cell lines were not specifically tested for Mycoplasma contamination.

No commonly misidentified cell lines were used in this study.

P14 Nur77-GFP mice: Species: Mouse (mus musculus), name of line: B6.(SJL-Ptprca;B6/D2;C57BL/6)-Tg(TcrLCMV)327Sdz)-Tg(Nr4a1-
EGFP/cre)820Khog/j, short name: P14 Nur77-GFP Ly5.1, sex: female and male, age: 6 - 16 weeks, dark/light cycle: 12h light/12h dark,
ambient temperature: 22°C +/- 2°C, humidity: 55% +/- 10%

No wild animals were used in the study.

No field collected samples were used in the study.

All animal experiments were performed in accordance with institutional policies and Swiss federal regulations, following guidelines
and being approved by the veterinary office of the Canton of Zürich (animal experimental permissions: 115/2017).

FACS experiments in this study used human, murine and bacterial cells. Sample preparation is described in detail in the
following methods sections: Antibody-guided surfaceome nanoscale mapping, Synthesis of singlet oxygen generator-coupled
cardiac glycoside CG1, Identification of small molecule drug-targeted surfaceome structures, Bacteriophage-guided




