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Enzyme Labeling time Substrates Advantages Limitations

APEX ≤1 minute Biotin phenol, 
hydrogen peroxide

High temporal resolution, high 
activity in most compartments

Limited in vivo applications due to 
requiring hydrogen peroxide

HRP ≤1 minute Biotin phenol, 
hydrogen peroxide

Highest activity, but only works 
extracellularly or in secretory 
pathway

Limited in vivo applications due to 
requiring hydrogen peroxide; only 
works in oxidative environments

TurboID ≤10 minutes Biotin, ATP Highest activity promiscuous biotin 
ligase

May exhibit background labeling due 
to high affinity for biotin

miniTurbo ≤10 minutes Biotin, ATP High temporal resolution Lower activity and stability than 
TurboID

BioID2 18 hours Biotin, ATP Higher activity than BioID; stable 
at higher temperatures

Low activity; poor temporal resolution

BioID 18 hours Biotin, ATP Non-toxic labeling conditions Low activity; poor temporal resolution

BASU 18 hours Biotin, ATP Higher activity than BioID Low activity; poor temporal resolution
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Region Sequence (Branon et al. Nat. Biotech. 2018)

Cytosol Nuclear export signal: LQLPPLERLTLD

Nucleus Nuclear localization signal: DPKKKRKVDPKKKRKVDPKKKRKV

Mitochondrial matrix From COX4: MLATRVFSLVGKRAISTSVCVRAH

Outer mito membrane From MAVS: RPSPGALWLQVAVTGVLVVTLLVVLYRRRLH

ER lumen From Ig K-chain: METDTLLLWVLLLWVPGSTGD; retention sequence: KDEL

ER membrane From cytochrome P450: MDPVVVLGLCLSCLLLLSLWKQSYGGG

Cell surface Ig K-chain ss: METDTLLLWVLLLWVPGSTGD; transmembrane domain of PDGF 
receptor from pDisplay vector (Invitrogen)
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