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1. Explain the labeling selectivity of the following intermediates:

3. What is the upper limit of labeling accuracy (low limit of labeling radius)?

2. Generally, how do we colocalize enzyme / photocatalyst with POIs?
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Introduction
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Protein-protein interactions (PPIs)

Günçer, B.; et al. J. Struct. Biol. 2024, 216, 108118.

traditional methods: yeast 2 hybrid, co-immunoprecipitation, …

➢ essential for biological processes

➢ cellular organization, signal transduction, immunological responses, …
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Proximity labeling (PL)

For reviews, see:    MacMillan, D. W. C.; et al. Cell Chem. Biol. 2024, 31, 1145-1161.    Hamachi, I .; et al. Curr. Opin. Chem. Biol. 2025, 87, 102620.

Seath, C. P.; et al. Trends Biochem.Sci. 2024, 49, 224-235.    Ting, A, Y.; et al. Nat. Methods 2021, 18, 133-143.
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Proximity labeling (PL)

➢ Detection of weak or transient interactions

➢ Able to process in live cells or in vivo

➢ Capable for insoluble proteins

Advantages

➢ Enzyme-based PL

➢ Photocatalytic PL

BioID, TurboID, APEX, …

μMap, PhoTag, CAT-S, …

For reviews, see:    MacMillan, D. W. C.; et al. Cell Chem. Biol. 2024, 31, 1145-1161.    Hamachi, I .; et al. Curr. Opin. Chem. Biol. 2025, 87, 102620.

Seath, C. P.; et al. Trends Biochem.Sci. 2024, 49, 224-235.    Ting, A, Y.; et al. Nat. Methods 2021, 18, 133-143.
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Enzyme-based proximity labeling
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Biotin ligase-based PL

problem: intermediate kept in BirA active site

not diffusible

BirA from E.coli

~ 35 kDa



Enzyme-based proximity labeling
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Biotin ligase-based PL
BirA from E.coli

~ 35 kDa

BirA

KD = 4.5×10-11

BirA* (R118G)

KD = 2.0×10-8

Beckett, D.; et al. Protein Sci. 2000, 9, 1530-1539.    Cronan, J. E.; et al. Protein Sci. 2004, 13, 3043-3050.

capable for BioAMP release and diffusion



Enzyme-based proximity labeling

10

colocalized POI and biotin-labeled proteins

“BioID” method

122 proteins was identified, including 10 uncaracterized

Roux, K. J.; et al. J. Cell. Biol. 2012, 196, 801-810.
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Roux, K. J.; et al. J. Cell. Biol. 2012, 196, 801-810.

labeling saturated within 24 h

improvement of labeling efficiency?



Enzyme-based proximity labeling
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Ting, A. Y.; et al. Nat. Biotechnol. 2018, 36, 880-887.

TurboID & miniTurbo

labeling time: 18 h → 10 min



Enzyme-based proximity labeling
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Peroxidase-based PL

Kamiya, N.; et al. Bioconjug. Chem. 2011, 22, 2332-2338.

Ting, A, Y.; et al. Nat. Biotechnol. 2012, 30, 1143-1148.

tyrosine coupling

enhanced catalytic efficiency



Enzyme-based proximity labeling
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“APEX” method

Ting, A, Y.; et al. Nat. Biotechnol. 2012, 30, 1143-1148.

Ting, A, Y.; et al. Science 2013, 339, 1328-1331.

1 min labeling

495 proteins detected

membrane-

impermeability

matrix selectivity



Enzyme-based proximity labeling
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“APEX2” method

Ting, A, Y.; et al. Nat. Methods 2015, 12, 51-54.

enhanced catalytic efficiency

higher H2O2 resistance



Enzyme-based proximity labeling
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miniSOG-based PL

Shu, X.; Tsien, R. Y.; et al. PLoS Biol. 2011, 9, e1001041.

λmax = 448 nm

φ(1O2) = 0.47

~ 12 kDa



Enzyme-based proximity labeling

17Li, G.; et al. Nat. Commun. 2022, 13, 4906.



Enzyme-based proximity labeling

18Li, G.; et al. Nat. Commun. 2022, 13, 4906.

conditions: 460 nm, 1 mM aniline, 20 min

1. mitochondrial matrix (线粒体基质)

2. nucleus (细胞核)

3. ER outer membrane (内质网外膜)



Enzyme-based proximity labeling
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Summary

➢ Genetically encodable

➢ High specificity of POIs

➢ Easy modification & evolution

➢ Limited labeling species

➢ Obstruction of native PPIs
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Photocatalytic proximity labeling
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“μMap” method

fast quenching by water

short half life

small diffusion radius

precise labeling!

MacMillan, D. W. C.; et al. Science 2020, 367, 1091-1097.
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“μMap” method

MacMillan, D. W. C.; et al. Science 2020, 367, 1091-1097.
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“μMap” method

MacMillan, D. W. C.; et al. Science 2020, 367, 1091-1097.
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Oslund, R. C.; Reyes-Robles, T.; Fadeyi, O. O.; et al. Nat. Chem. Biol. 2022, 18, 850-858.

“PhoTag” method



Photocatalytic proximity labeling
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Oslund, R. C.; Reyes-Robles, T.; Fadeyi, O. O.; et al. Nat. Chem. Biol. 2022, 18, 850-858.

“PhoTag” method

selective labeling of cellular immune synapses
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Fan, X.; Chen, P.; et al. Nat. Commun. 2024, 15, 2712-27.

“CAT-S” method



Photocatalytic proximity labeling
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Fan, X.; Chen, P.; et al. Nat. Commun. 2024, 15, 2712-27.

“CAT-S” method

cationic [Ir] localized in mitochondria (线粒体)

no conjugation between PC and proteins

membrane-permeability



Photocatalytic proximity labeling
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“MultiMap” method

Wells, J. A.; et al. Science 2024, 385, eadl5763.

Multiscale photocatalytic PL
high

resolution

medium

resolution

low

resolution



Photocatalytic proximity labeling
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Summary

➢ Photoswitch, high temporal resolution

➢ Various photoreactions available

➢ Easy to process on multiple POIs

➢ Challenging catalyst delivery

➢ Obstruction of native PPIs

➢ Additional structural design
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Measurement & mechanistic discussion
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Measurement of labeling radius

Roux, K. J.; et al. Proc. Natl. Acad. Sci. U.S.A. 2014, 111, e2453-e2461.

labeling radius of BioAMP: ~ 10 nm

labeling efficiency varies depending on proteis
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Measurement via super-resolution microscopy

MacMillan, D. W. C.; et al. Proc. Natl. Acad. Sci. U.S.A. 2022, 119, e2203027119.

theoretical: 4 nm

??

extended labeling radius

Measurement & mechanistic discussion
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Measurement via super-resolution microscopy

MacMillan, D. W. C.; et al. Proc. Natl. Acad. Sci. U.S.A. 2022, 119, e2203027119.

PEG3 PhN3 PEG3 PhF4N3

mean FWHM:

119 ± 33 nm (n = 100)

mean FWHM:

68 ± 17 nm (n = 100)

Measurement & mechanistic discussion
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Radius control via diffusion coefficient modulation

MacMillan, D. W. C.; et al. Proc. Natl. Acad. Sci. U.S.A. 2022, 119, e2203027119.

PEG3 PhN3

mean FWHM:

119 ± 33 nm (n = 100)

PEG24 PhN3

mean FWHM:

80 ± 28 nm (n = 100)

~ 2× change

~ 1.5× change

PEG3 PhN3

PEG24 PhN3

enhanced selectivity



Measurement & mechanistic discussion

35Zou, P.; Chen, Z.; et al. Nat. Chem. Biol. 2025, https://doi.org/10.1038/s41589-025-02086-w.

Measurement via DNA nanoruler

for APEX:

notable labeling occurs within 55 nm

highest labeling occurs within 11 nm



Measurement & mechanistic discussion

36Zou, P.; Chen, Z.; et al. Nat. Chem. Biol. 2025, https://doi.org/10.1038/s41589-025-02086-w.

strong contact labeling within 10 nm

diffusive labeling within 250 nm

dual labeling mechanism of APEX:



Measurement & mechanistic discussion

37Zou, P.; Chen, Z.; et al. Nat. Chem. Biol. 2025, https://doi.org/10.1038/s41589-025-02086-w.

mostly contact labeling mechanism

BioAMP system: BioID & TurbolD
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Summary
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Abundant toolkit Various accuracy Nice biocompability

Powerful tool for PPI studies

➢ Further development of catalytic systems

➢ Optimization of catalyst introducing methods

➢ Acute resolution control
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1. Explain the labeling selectivity of the following intermediates:

3. What is the upper limit of labeling accuracy (low limit of labeling radius)?

2. Generally, how do we colocalize enzyme / photocatalyst with POIs?


