
a subunit of the nucleosome; centromere protein A (CENP-A), the
centromere-specific histone H3 variant that assembles into cen-
tromeric chromatin (22); and Telomeric Repeat-Binding Factor 2
(TRF2), a component of the shelterin complex required for the
protection of telomere ends (23, 24).

Transgene expression was under doxycycline control, and
following induction, all five substrates localized as expected:
Plk4AID-YFP localized at the centrosome, cyclin B1AID-YFP lo-
calized diffusely in the cytoplasm, histone H2BAID-YFP localized
within the nucleus, CENP-AAID-YFP localized to centromeres,
and TRF2AID-YFP associated with telomeres (Fig. 2A). Purifica-
tions using the GFP-binder protein demonstrated that all sub-
strates were incorporated into protein complexes, with histone
H2BAID-YFP and CENP-AAID-YFP both associating with endoge-
nous histone H2B and histone H3, Plk4AID-YFP binding to CEP152,
TRF2AID-YFP associating with POT1, and cyclin B1AID-YFP binding
to Cdk1 (Fig. 2B). All five proteins were quantitatively destroyed
within 24 h of addition of auxin, as seen with immunoblotting (Fig.
3A) and quantitative immunofluorescence (Fig. 3B).

Auxin-Induced Degradation Reduces Protein t1/2 to < 20 Min. The
rapidity of induced degradation of each of the five differentially

localized substrates incorporated into different protein com-
plexes was quantified with fluorescence time-lapse microscopy
after addition of IAA. Substrate degradation began rapidly after
the addition of IAA and proceeded with first-order kinetics (Fig.
4). For Plk4AID-YFP, CENP-AAID-YFP, TRF2AID-YFP, and cyclin
B1AID-YFP, the t1/2 for each was <20 min (9, 18, 13, and 17 min,
respectively), essentially yielding quantitative loss within 80 min
(Fig. 4 and Movies S1, S2, S3, and S4). Degradation of histone
H2BAID-YFP occurred more slowly (initial t1/2 = 40 min; Fig. 5A
and Movie S5); however, even here, loss to undetectable levels
was reached within 3 h. For all five substrates, t1/2 was constant
during the degradation of >90% of the protein (Figs. 4 and 5A).
For both CENP-AAID-YFP and TRF2AID-YFP, induction of ex-
pression for >8 h resulted in a proportion of YFP-tagged protein
localizing diffusely throughout the nucleus (Movies S2 and S3).
Nevertheless, IAA addition led to the precipitous degradation of
the entire pool of CENP-AAID-YFP and TRF2AID-YFP. CENP-A
present at centromeres has been demonstrated to have a very
long t1/2 in cells (25); however, remarkably, centromeric and
diffusely localized pools of CENP-AAID-YFP were destroyed with
identical kinetics (Fig. S1 and Movie S2). This demonstrates that
even protein incorporated into a stable complex with a very long
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Fig. 1. Auxin-inducible degradation system for controlling protein stability in human cells. (A) Schematic illustration of the SCF ubiquitin ligase. The variable F-box
protein is involved in substrate recruitment. (B) Schematic illustration of the auxin-induced degradation system. Ectopically expressed TIR1 F-box protein incor-
porates into the SCF complex in human cells. In the presence of the IAA, TIR1 associates with the AID fused to the protein of interest (POI). SCFTIR1 recruits an E2
ligase and polyubiquitinates the AID, resulting in the degradation of the POI by the proteasome. (C) Parental and TIR1-9Myc expressing DLD-1 and RPE1 were
treated with or without IAA for 3 d and processed for flow cytometry. Note expression of TIR1-9Myc and/or treatment with IAA does not cause alterations in the cell
cycle profile. (D) DLD-1 or RPE1 cells stably expressing TIR1-9Myc were cotransfected with histone H2BmRFP or histone H2BAID-YFP; after 24 h, they were treated with
(+) or without (Š) IAA for a further 24 h. Fluorescent images show the presence or absence of histone H2BmRFP and histone H2BAID-YFP. (Scale bars = 5 μm.)
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