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Extended DataFig. 7 | Test of 1a, 1d, 1f cellular reactivity without affinity sites obtained with compound 1a, 1d, or 1f. This suggests that the relative in-cell
retrieval to assess broader reactivity of this family of reagents. a) Schematic reactivity of 1fis in-between that of 1a or 1d. c¢) Representative tandem mass
showing E. coli cell labelling and direct observation without affinity retrieval by spectra of selected peptide precursors labeled by the reagents in-cell.

LC-MS/MS analysis. b) Venn diagram showing the overlap of labeled cysteine
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Extended Data Fig. 8 | Extended Toxicity Tests and Analysis of Cellular

Stress Markers. a) Cell viability of HeLa and HEK293T cells after incubation
with 1fat1 mM at various time points. Cell viability was assessed through

WST-8 reagent and measure the absorbance at 460 nm. The absorbances was
normalized to vehicle-treated cells. Individual data points are shown. Error bars
represent the standard deviation (s.d.) from n =4 independent replicates. b)
Cell viability and solubility assessment of Pd reagents. on HEK293T cells. Error
barsrepresent the standard deviation (s.d.) from n = 4 independent replicates.
(see Supplementary Tables S3 for exact P values). ****p < 0.0001, **p < 0.001,
**p < 0.01, *p < 0.05, ns, not significant (two-way ANOVA). ¢) Cell viability and
solubility assessment of a putative comparable Ni(0) source. Although the exact
intracellular concentration of Ni(0) after C-S bond formation is unknown, we
also tested the direct toxicity of Ni(COD), in HEK293T cells as a representative
Ni(0) complex. Cell viability remains above 80% at 0.2 mM Ni(0), and apparent
toxicity is observed only at 0.5 mM. When taken with the observations that

1f concentration used was typically 1 mM; more limited cellular uptake of

reagents is likely, and that lower toxicity was observed for 1fthan Ni(COD),,
thenitis likely that, intracellular Ni(O) concentration resulting from reactions
will be much lower that 500 pM and so not an obvious driver of toxicity. The
photographicinsets also highlight the air-sensitivity and instability in aqueous
environments of Ni(COD),; Niblack was observed during the stock preparation
and cellincubation. Error bars represent the standard deviation (s.d.) fromn =4
independent replicates. d) Monitoring of UPR activation markers in 1f-treated
HelLa cells and HEK-293T cells. Negative control cells received vehicle alone. Cells
were exposed to 1 mM 1fin HBSS for the indicated times. Positive control cells
were exposed to2 mM DTT or 30 uM tunicamycin in HBSS for 2 h, as indicated.
The expression levels of UPR marker proteins were measured by Western blot in
whole cell lysates. As loading controls, membranes were stripped and reprobed
for B-actin. ATF6-FL/G, full-length glycosylated ATF6; ATF6-FL/UG, full-length
unglycosylated ATF6; ATF6(N), cleaved ATF6. Representative data are shown
fromn =2independent experiments with similar results.
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Extended Data Fig. 9| Workflow and Extended Analyses of Infection Studies
and Pathogen trapping with ligand-balanced aryl-nickel 1f. a) Workflow
showing pathogen infection and site mapping in HEK293 cells. b) Immunoblot
analysis confirms labeling of C. trachomatis-infected cells by 1f, followed by
tagging with biotin labelling reagent L3 using CuAAC. 3-actin demonstrates equal
loading. Representative dataare shown from n =3 independent experiments with
similar results. ¢) Time-course intensities of 1f-labeled C. trachomatis proteins.

d) Time-course intensities of all emerging C. trachomatis proteins in whole cell
lysate. At 24 hpi, 175 C. trachomatis proteins were detected. Proteins detected in

the mock-infected samples are likely false positives, potentially human proteins
that were misidentified due to sequence homology. ) Correlation matrix of
protein abundances across replicates and conditions in whole cell lysates of
Chlamydia-infected cells (1ug 120 min DIA Ascend). f) Immunoblot analysis
confirms labeling of SINV-infected cells by 1f. Representative data are shown
from n =3 independent experiments with similar results. g) Correlation matrix
of protein abundances across replicates and conditions in WCL of SINV-infected
cells (1ug 120 min DIA Ascend). Protein quantification was performed with
FragPipe-DIA and DIA-NN.
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Extended Data Fig. 10 | The Effect of Filtering Peptide Spectrum Matches by

Identification quality parameters on Site Localisation. a) Distribution of score

differences between top two hitsin proportion to the total score (DeltaScore).
b) Distribution of peptide identification probability. c-e) Proportion of
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peptide spectrum matches localised to cysteine when filtered by length and
neighbouring residues (c, 25521 psms), also by DeltaScore >2.5% and match
probability >0.99 (d, 11138 psms), and all of the above only for 2+ precursors (e,
4317 psms).
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Data was collected using the software provided by the respective instrument vendor and is specified in the Methods section.

Data analysis Data was analysed with MassLynx 4.2 (Waters), GraphPad Prism 10 (GraphPad Software Inc.), MestReNova-14.1.1-24571 (Mestrelab Research
S.L.), Microsoft Excel 16 (Microsoft, version 16.0.17830.20056), MaxQuant (v.2.3.0.0), MSFragger-based FragPipe (FragPipe interface (v21.1)
was used with MSFragger (version: 4.0), Philosopher (version: 5.1.0), lonQuant (version 1.10.12)4 and Python (version: 3.9.18) enabled),
AlphaFold 2(open source, version 2.0). Protein subcellular localzation analysis was enabled by Gene Ontology (GO) analysis from DAVID
Biointormatics Resources. Data processing were performed using Image Lab (Bio-Rad Laboratories v6.1), ImagelJ (1.54d), Python (3.10.11) and
R (open source, 4.4.0).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

>
Q
Q
(e
=
)
§o;
o)
=
o
=
_
D)
§o)
o)
=
S
Q
wv
(e
=
S}
QD
<L




Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The mass spectrometry data for proteomics and modification site identification have been deposited to the ProteomeXchange Consortium through the PRIDE
partner repository, with the dataset identifier PXD053701 and PXD053749.

Dataset output from Fragpipe and Maxquant was further analyzed with custom Python and R scripts, available on Zenodo at https://doi.org/10.5281/
zen0do.12667586.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender Use the terms sex (biological attribute) and gender (shaped by social and cultural circumstances) carefully in order to avoid
confusing both terms. Indicate if findings apply to only one sex or gender; describe whether sex and gender were considered in
study design whether sex and/or gender was determined based on self-reporting or assigned and methods used. Provide in the
source data disaggregated sex and gender data where this information has been collected, and consent has been obtained for
sharing of individual-level data, provide overall numbers in this Reporting Summary. Please state if this information has not
been collected. Report sex- and gender-based analyses where performed, justify reasons for lack of sex- and gender-based
analysis.

Population characteristics Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic
information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study

design questions and have nothing to add here, write "See above."

Recruitment Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and
how these are likely to impact results.

Ethics oversight Identify the organization(s) that approved the study protocol.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|X| Life sciences D Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample sizes (typically n = 3—6 biologically independent replicates) were chosen based on standard practice in chemical biology and prior
publications reporting similar effect sizes. These numbers were sufficient to ensure statistical significance and reproducibility across
independent experiments.

Toxicity testing assays were conducted with n=4 or 5. The exact number of replicates is reported in the supplementary information for each
experiment. Fluorescence confocal microscopy quantification was conducted with at least n=9. Validation of 1f labelling and LC-MS/MS
analysis was conducted as biological replicates with n=3. Synthetic reactions and protein modifications were carried out independently for
multiple times and proved to be reliable and consistent. The reported values for conversion and yield should be regarded as semi-
quantitative.

Data exclusions  No data was excluded.
Replication All key findings were independently replicated at least two times with consistent results. No findings failed replication.
For fluorescent gel imaging, confocal imaging, western blots as well as proteomics experiments were repeated at least three times with

similar results and one representative result was shown in the study.

Randomization Potential covariates such as cell passage number, reagent batch, and incubation time were controlled by standardizing protocols across all
experiments. All treatments were randomized and performed in parallel to minimize batch effects, including Western blots, in-gel
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fluorescence scanning, and confocal imaging cannot be randomized. However, during the proteomics study, various samples (including 1f-
labeled and vehicle, with both technical and biological replicates) were processed concurrently without any specific preference or bias.
Throughout the sample preparation, careful attention was paid to ensure consistent treatment of sample batches by rotating the order of
samples during repeated processing steps. During mass spectrometric measurements, liquid chromatography columns were routinely cleaned
between runs, and replicate samples from the same experimental set were injected in a random order to prevent measurement biases.
Additionally, batch effects and experimental biases were further minimized during downstream computational analyses through
normalization and cross-validation of the dataset.

Blinding For all experiments, including imaging assays, gels, blots, and proteomic data were collected and analyzed without bias.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies [] chip-seq
Eukaryotic cell lines |:| Flow cytometry
|:| Palaeontology and archaeology |:| MRI-based neuroimaging

[ ] Animals and other organisms
[ ] clinical data

[ ] Dual use research of concern

XXXNX[O S

Antibodies

Antibodies used Streptavidin HRP: Pierce High Sensitivity Streptavidin HRP, Thermo Scientific, catalogue number 21130;
beta Actin Loading Control Monoclonal Antibody (BA3R): Thermo Scientific, Catalog # MA5-15739;
Anti-Mouse IgG (H+L), HRP Conjugate: promega, Catalog number selected: W4021;
PERK: Cell Signaling Technology, #3192;
IRE1a-pS724: Abcam, ab124945;
BIP: Abcam, ab21685;
ATF6: Abcam, ab122897;
CHOP: Abcam,ab11419.
Dilutions and incubation time according to the manufacturer’s instructions on the supplier’s website.

Validation Streptavidin HRP, Detection Method: Colorimetric, Chemiluminescent, Chemifluorescent, Specificity:Biotin, For Use With
(Application): Western Blotting, ELISA
https://www.thermofisher.com/order/catalog/product/21130?SID=srch-srp-21130

beta Actin Loading Control Monoclonal Antibody (BA3R): Advanced Verification, this Antibody was verified by Knockout to ensure
that the antibody binds to the antigen stated. Published species: Chicken, Fungi, Guinea pig, Hamster, Human, Mouse, Non-human
primate, Pig, Plant, Rabbit, Rat, Xenopus
https://www.thermofisher.com/antibody/product/beta-Actin-Loading-Control-Antibody-clone-BA3R-Monoclonal/MA5-15739

Anti-Mouse IgG (H+L), HRP Conjugate Applications Western blotting. Enzyme-linked immunosorbent assay (ELISA). Dot blotting.
https://www.promega.co.uk/products/protein-detection/primary-and-secondary-antibodies/anti_mouse-igg-h-and-I-hrp-
conjugate/?catNum=W4021

PERK: Cell Signaling Technology, #3192: 710 Citations using this antibody, https://www.cellsignal.com/products/primary-antibodies/
perk-c33e10-rabbit-mab/3192

IRE1a-pS724: Abcam, ab124945: 118 publications using this antibody, https://www.abcam.com/en-us/products/primary-antibodies/
irel-phospho-s724-antibody-epr5253-ab124945

BIP: Abcam, ab21685: 646 publications using this antibody, https://www.abcam.com/en-us/products/primary-antibodies/grp78-bip-
antibody-ab21685

ATF6: Abcam, ab122897: 70 publications using this antibody, https://www.abcam.com/en-us/products/primary-antibodies/atf6-
antibody-1-7-ab122897.

CHOP: Abcam,ab11419: 237 publications using this antibody, https://www.abcam.com/en-us/products/primary-antibodies/chop-
antibody-9¢8-ab11419




Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) HEK293T, HEK293, CHO and Hela cell lines were obtained from ATCC (CRL-3216, CRL-1573, CCL-61, and CRM-CCL-2).
Authentication The cell lines were authenticated by STR analysis by ATCC.
Mycoplasma contamination All cells used were tested negative for mycoplasma. Mycoplasma testing is performed monthly.

Commonly misidentified lines  no commonly misidentified cell lines were used in these studies.
(See ICLAC register)
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