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Abstract: Aberrantly elevated steroid receptor coactivator-
1 (SRC-1) expression and activity are strongly correlated with
cancer progression and metastasis. Here we report, for the first
time, the development of a proteolysis targeting chimera
(PROTAC) that is composed of a selective SRC-1 binder
linked to a specific ligand for UBR box, a unique class of E3
ligases recognizing N-degrons. We showed that the bifunctional
molecule efficiently and selectively induced the degradation of
SRC-1 in cells through the N-degron pathway. Importantly,
given the ubiquitous expression of the UBR protein in most
cells, PROTACs targeting the UBR box could degrade a protein
of interest regardless of cell types. We also showed that the
SRC-1 degrader significantly suppressed cancer cell invasion
and migration in vitro and in vivo. Together, these results
demonstrate that the SRC-1 degrader can be an invaluable
chemical tool in the studies of SRC-1 functions. Moreover, our
findings suggest PROTACs based on the N-degron pathway as
a widely useful strategy to degrade disease-relevant proteins.

Introduction

Steroid receptor coactivator-1 (SRC-1, also known as
NCOA-1) is the first identified transcription coactivator that
promotes the transcriptional activities of various transcription
factors (TFs), such as the estrogen receptor a, the progester-
one receptor, etc.[1] SRC-1 belongs to the p160 SRC family

that includes other homologous members, SRC-2 (NCOA-2)
and SRC-3 (NCOA-3).[2–4] It contains four domains including
the activation domain (AD) 3 in N-terminus, a nuclear
receptor interaction domain, and AD1 and AD2 in C-
terminus. As a coactivator, SRC-1 not only interacts with
TFs, but also recruits various proteins to assemble multi-
protein complexes.[5–8] As a consequence, SRC-1 drives
chromatin remodeling and transcriptional activation and
plays a critical role in regulating diverse biological processes,
such as cell cycle, energy metabolism, and inflammation.[9] At
normal physiological conditions, only limited concentrations
of cellular SRC-1 are present, indicating that abnormally
activated SRC-1 is linked to various human diseases such as
cancer. Indeed, aberrantly elevated SRC-1 expression and
activity are observed in many types of cancers and strongly
implicated in cancer metastasis, recurrence, drug resistance,
and poor prognosis.[10, 11] Therefore, SRC-1 has been recog-
nized as an oncogenic protein, and thus inhibition of SRC-
1 represents a valid therapeutic strategy for the treatment of
various cancers. However, the development of molecules
modulating transcriptional activity has proven to be very
challenging because it generally requires to target protein-
protein interactions (PPIs).[12–14] Nonetheless, several SRC-
1 inhibitors have been developed to date.[15–18] For instance,
a small molecule targeting both SRC-1 and SRC-3 recently
reported by OQMalley and co-workers exhibited potent in
vitro and in vivo activities.[17] However, they lack the
selectivity to SRC-1, and their mode of action remains
unclear.

Herein, we describe, for the first time, the discovery of
PROTAC-based molecules that selectively inhibit SRC-1.
PROTACs are heterodimeric molecules that bind to a target
protein of interest and an E3 ubiquitin ligase simultaneous-
ly.[19–22] These chimeric molecules are able to recruit the target
protein to the E3 ligase, otherwise they do not interact at all.
As a result, the target protein is polyubiquitinated and
subsequently degraded by the 26S proteasome. Given its
ability to effectively eliminate a target protein (e.g., disease-
causing proteins) in the cells, PROTACs technology is
emerging as a novel therapeutic modality in drug discovery.
Despite its utility as a tool to identify therapeutic candidates
and chemical probes, current PROTACs have limitations. For
example, while there are over 600 E3 ubiquitin ligases, only
a few, such as cereblon (CRBN) and Von Hippel-Lindau
tumor suppressor (VHL), are mostly used in PROTAC
design.[20–29] When targeting tissues or cells that do not express
such E3 ligases sufficiently, it is impossible to create
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a PROTAC molecule. To circumvent such obstacles, here we
developed novel PROTAC molecules capable of selectively
degrading SRC-1 through the N-degron pathway (also known
as the N-end rule pathway) (Figure 1a).[30] The N-degron
pathway is a proteolytic system in which the N-terminal
amino acids of short-lived proteins are recognized by the

UBR proteins, an E3 ubiquitin ligase family containing UBR
box, for ubiquitination and subsequent degradation of the
substrate proteins. Therefore, the N-degron pathway deter-
mines the fate of target proteins in the cells depending on the
identity of N-terminal amino acids of proteins.[31–34] Given that
the UBR proteins are ubiquitously expressed in most cells,
PROTACs consisting of a ligand for the UBR box could
degrade a protein of interest regardless of cell types.[35, 36]

Here, we report the development of a first-in-class SRC-
1 selective degrader (ND1-YL2) composed of a selective
SRC-1 binder linked to a specific ligand for the UBR protein.
Furthermore, we have shown that targeted degradation of
SRC-1 by ND1-YL2 significantly suppresses cancer invasion
and migration in vitro and in vivo. Taken together, our study
suggests that the degradation of SRC-1 through the N-degron
pathway is a promising anticancer therapeutic strategy,
particularly for preventing cancer metastasis.

Results and Discussion

We previously discovered a cell-permeable, stapled pep-
tide YL2 that mimics an LXXLL helical peptide fragment
(where L is leucine and X is any amino acid) in the
transactivation domain of signal transducer and activator of

transcription 6 (STAT-6) (Figure 1b).[37] STAT-6 is a TF
playing a pivotal role in regulating inflammatory signaling
pathways in response to interleukin (IL)-4 and IL-13.[38–42] For
the transcriptional activation of STAT-6, the recruitment of
coactivators such as SRC-1 is required.[43] Given that STAT-6
directly interacts with the PAS-B domain (a part of the AD3
domain) of SRC-1 through the LXXLL motif, YL2 as an
LXXLL helix mimetic was able to potently disrupt the TF/
coactivator interaction by binding to the PAS-B domain.[44] As
a result, YL2 suppresses STAT-6-mediated transcription and
represents a novel class of therapeutic candidates for the
treatment of human diseases including inflammatory allergic
diseases. It is noteworthy that YL2 is specific for SRC-
1 because it has a peptide sequence derived from the PAS-B
domain of STAT-6, which is known to bind specifically to
SRC-1, but not the other SRC family members.[43] With
a potent and selective ligand for SRC-1, we hypothesized that
the conjugation of YL2 to an E3 ligase ligand would provide
a novel PROTAC molecule that brings SRC-1 and the E3
ubiquitin ligase into close proximity, thereby facilitating SRC-
1 ubiquitination and degradation in the cells. Hence, inducing
SRC-1 degradation would lead to suppression of SRC-1-
mediated transcription and cancer metastasis and thus
represents a promising anticancer strategy.

To develop such SRC-1 degraders, we chose a tetrapeptide
RLAA as a UBR binder that is an N-degron fragment and
binds to the UBR box (from yeast Ubr1) with a reasonably
good binding affinity (KD = 4.2 mm).[45] Based on our previous
X-ray and biochemical studies,[45] the N-terminal arginine and
hydrophobic side chain of leucine were found to be critical for
the interaction of the tetrapeptide with the acidic and
hydrophobic clefts on the UBR domain surface. Importantly,
the tetrapeptide is a natural substrate sequence of UBR
ubiquitin ligase and should be inherently specific. Taken
together, the UBR binding peptide would be suitable for the
design of bifunctional SRC-1 degraders. The examination of
the crystal structure of YL2 in complex with the PAS-B
domain of SRC-1 revealed that the N-terminal of YL2 is
solvent-exposed and could be a suitable position for con-
jugating a linker and the N-degron peptide (Figure 1c).[37]

Based on this analysis, we designed a series of bifunctional
peptides (ND1-YL2 through ND6-YL2) consisting of YL2
and RLAA, which are connected by various linkers such as
Ala-Ala, aminobutanoic acid (Abu), aminohexanoic acid
(Ahx), mono(ethylene glycol), di(ethylene glycol), and tri(-
ethylene glycol) (Figure 1d and Table S1). Peptide sequences
of these chimeric molecules were prepared by standard Fmoc-
based solid-phase peptide synthesis (Scheme S1 in the
Supporting Information). Then, macrocyclization for the
synthesis of all-hydrocarbon stapled peptides was achieved
by a ring-closing olefin metathesis reaction to give bifunc-
tional peptides. Final products were cleaved from solid-phase
resin and purified by reverse-phase HPLC (Figure S1).

To evaluate the ability of the bifunctional peptides to
degrade SRC-1 in the cells, human triple-negative breast
cancer (TNBC) MDA-MB-231 cells were treated with DMSO
or various concentrations of the synthesized peptides. Cellu-
lar levels of SRC-1 were measured by immunoblotting.
Gratifyingly, robust SRC-1 degradation was observed upon

Figure 1. a) SRC-1 degradation by a PROTAC through the N-degron
pathway. b) Structure of a stapled peptide YL2 as a specific SRC-
1 ligand. c) Co-crystal structure of YL2 with the PAS-B domain of SRC-
1 (PDB 5Y7W). d) Structure of a bifunctional SRC-1 degrader, ND1-
YL2.
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treatment of some of the bivalent peptides. Among the tested
compounds, ND1-YL2 having two alanines as a linker
exhibited the most potent activity in reducing cellular SRC-
1 levels in a dose-dependent fashion with the DC50 of& 10 mm,
while the other peptides had less or no degradation activity
(Figure 2a and Figure S2). Thus, we selected ND1-YL2 as the
best compound and used it for further studies.

As expected, the degradation of SRC-1 by ND1-YL2 was
blocked by co-treatment of MG-132, a well-known protea-
some inhibitor (Figure 2a), confirming that ND1-YL2 in-
duced SRC-1 degradation through the proteasome-mediated

pathway. To assess the time-dependent degradation of SRC-1,
MDA-MB-231 cells were exposed to ND1-YL2 (20 mm), and
cellular levels of SRC-1 were measured by the Western blot
over time. As shown in Figure 2b, SRC-1 degradation was
evident at 8 h after treating ND1-YL2 and remained through
24 h without detectable recovery of SRC-1 levels. We then
monitored SRC-1 abundance over time after washing out
ND1-YL2 and found that SRC-1 levels were recovered within
12 h after the removal of ND1-YL2 (Figure 2c), suggesting
that the degradation of SRC-1 by ND1-YL2 is reversible, in
contrast to conventional genetic methods.

In order to achieve effective degradation of SRC-1, it is
essential for ND1-YL2 to render the formation of a cooper-
ative ternary complex in which the chimeric peptide ND1-
YL2 potently binds to both SRC-1 and UBR proteins
simultaneously. First, we measured circular dichroism (CD)
spectra to explore whether ND1-YL2 retained the helical
propensity, which is important for its binding affinity to SRC-
1 recognizing LXXLL-containing helical motifs. ND1-YL2
was found to display similar CD spectra to that of YL2
(Figure S3), implying that the conjugation of the linker and
RLAA tetrapeptide did not affect the helicity of the original
stapled peptide YL2 (Figure S3). We then performed com-
petitive fluorescence polarization (FP) assays to assess the
binding affinities of ND1-YL2 to the target proteins (Fig-
ure 3a). As depicted in Figure 3a, ND1-YL2 bound the PAS-
B domain of SRC-1 with the Ki value of 320 nm, which is
comparable with that of the original stapled peptide YL2
(Ki = 140 nm). In addition, ND1-YL2 was tested for its ability

Figure 2. a) Western blot analysis of SRC-1 levels in MDA-MB-231 cells
after treatment of ND1-YL2 or MG132 (5 mm) for 12 h. b) Western blot
analysis of SRC-1 levels in MDA-MB-231 cells after treatment of ND1-
YL2 (20 mm) with different treatment time. c) Western blot analysis of
SRC-1 levels in MDA-MB-231 cells time-dependently after ND1-YL2
(20 mm) washout.

Figure 3. Ternary complex formation of SRC-1—UBR box—ND1-YL2. a) Inhibition curves of ND1-YL2 or YL2 for fluorescently-labeled STAT-6
peptide binding to SRC-1 as determined by FP assays. Error bars indicate standard deviation from three independent experiments. b) Inhibition
curves of ND1-YL2 for fluorescently-labeled RLAA peptide binding to UBR-1 as determined by FP assays. Error bars indicate standard deviation
from three independent experiments. c) SEC-MALS analysis of the ternary complex. Experimental molecular masses of SRC-1 (blue), UBR box
(purple), and SRC-1—UBR box ND1-YL2 complex (red) are 20, 12 and 40 kDa, respectively (The calculated values are 14, 9 and 25 kDa,
respectively). d) Solution SAXS structure of SRC-1—UBR box—ND1-YL2 ternary complex with high resolution structures of individual models.
Crystal structure of SRC-1 with YL2 (PDB ID: 5Y7W) is shown in blue (SRC-1) and orange (YL2), and UBR box with RLLA peptide (PDB ID: 3NIN)
is shown in purple (UBR box) and yellow (RL peptide), respectively. e) Western blot analysis of SRC-1 levels in MDA-MB-231 cells after treatment
of ND1-YL2 (20 mm), YL2 (20 mm), or RLAA peptide (20 mm).
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to displace a fluorescent-labeled RLAA peptide from UBR
box using FP assays (Figure 3b). It exhibited approximately
3-fold improved affinity against UBR box (Ki = 1.48 mm)
compared to RLAA tetrapeptide (KD = 4.2 mm) presumably
because of the additional contact with the UBR box conferred
by the linker.

The next step was to confirm whether ND1-YL2 was
capable of forming the ternary complex. When we performed
the size-exclusion chromatography (SEC), both SRC-1 and
UBR box protein co-migrated in solution in the presence of
ND1-YL2, and the results of multi angle light scattering
coupled with SEC (SEC-MALS) clearly showed the ternary
complex formation of SRC-1/ND1-YL2/UBR box (experi-
mental molecular mass of 40 kDa). Individual molecules,
SRC-1 and UBR box, gave molecular masses of 20 and
12 kDa, respectively (Figure 3c). This result suggested that
the SRC-1/ND1-YL2/UBR box formed the 1:1:1 ternary
complex. To further probe this, the small-angle X-ray
scattering (SAXS) was also performed, and high resolution
models of SRC-1 with YL2 (PDB ID: 5Y7W) and UBR box
with RLGES (PDB ID: 3NIN) were fitted into the molecular
envelope of the ternary SRC-1/ND1-YL2/UBR box complex.
As depicted in Figure 3d, ND1-YL2 bridges SRC-1 and UBR
box, making them in close proximity.

To further verify if SRC-1 degradation was resulted from
the formation of a ternary complex in the cells, cells were
treated with stapled peptide (YL2) alone or UBR binding
tetrapeptide (RLAA), and cellular levels of SRC-1 were
monitored by immunoblot (Figure 3e). Not surprisingly,
either YL2 or RLAA tetrapeptide itself did not affect SRC-
1 levels. Moreover, the degradation of SRC-1 by ND1-YL2
was abolished by adding an excess amount of either YL2 or
RLAA (Figure S5), confirming that ND1-YL2 competes with
YL2 and RLAA to bind SRC1 and UBR, respectively.
Consistent with the various biochemical experiments de-
scribed above (Figure 3a–d), this finding demonstrated that
the formation of close proximity between SRC-1 and UBR
box by ND1-YL2 is crucial for SRC-1 degradation. We sought
to compare the efficacy of ND1-YL2 with that of an SRC-

1 degrader based on the current PROTAC approach. To this
end, we synthesized a series of chimeric PROTAC molecules
consisting of YL2 linked to pomalidomide, a potent small-
molecule ligand for CRBN (Ki = 156 nm), which is one of the
most commonly used E3 ligase ligands in PROTAC design
(Scheme S2).[46] We then tested the cellular activity of the
synthesized pomalidomide-based bifunctional molecules con-
nected by different linkers including diethylene glycol, tri-
ethylene glycol, or tetraethylene glycol in MDA-MB-231
cells. Among them, CL1-YL2 containing a diethylene glycol
linker (Figure 4a) was the most effective in reducing SRC-
1 levels (Figure 4b and Figure S7). Intriguingly, CL1-YL2
displayed similar activity to ND1-YL2 in inducing SRC-
1 degradation, even though ND1-YL2 has much less potent
binding affinity to its target E3 ligase as compared with CL1-
YL2 (about 10-fold difference in their binding activities). This
might be likely due to the catalytic nature of ND1-YL2 in
protein degradation through the N-degron pathway, along
with high expression levels of UBR proteins in cells. How-
ever, we cannot rule out the possibility that similar levels of
cellular activities of ND1-YL2 and CL1-YL2 may be because
their linker lengths are not optimized. We speculated that
ND1-YL2 would be able to degrade cellular SRC-1 regardless
of cell types because UBR proteins are widely expressed
throughout different cells,[35] while most current PROTACs
cannot be used in cells or tissues that do not express their
target E3 ligase. To examine this, increasing concentrations of
ND1-YL2 or CL1-YL2 were treated to human colon carci-
noma Colo205 cells that express very low levels of CRBN. As
expected, ND1-YL2 indeed induced significant downregula-
tion of SRC-1 in a dose-dependent manner whereas CL1-YL2
had no effect (Figure 4 c). This highlights that PROTACs
based on the N-degron pathway would be highly useful and
generally applicable tools in targeted protein degradation in
various diseases.

We then asked whether ND1-YL2 could selectively target
SRC-1 over the other SRC family members. Given the
structural similarity among the SRC members, ND1-YL2 may
also bind to and degrade the other members such as SRC-3.

Figure 4. a) Structure of CL1-YL2. b) Western blot analysis of SRC-1 levels in MDA-MB-231 cells after treatment of CL1-YL2 for 12 h. c) Western
blot analysis of SRC-1 levels in Colo205 cells, which have low expression level of CRBN, after treatment of varying concentrations of ND1-YL2 or
CL1-YL2. d) Western blot analysis of SRC-1 and SRC-3 levels in MDA-MB-231 cells after treatment of ND1-YL2 (20 mm), YL2 (20 mm), RLAA
peptide (20 mm), or MG132 (5 mm).
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To test this, we treated TNBC MDA-MB-231 cells with ND1-
YL2 and evaluated cellular levels of SRC-3 by Western
blotting (Figure 4 d). Notably, no SRC-3 degradation was
observed, underscoring that ND1-YL2 is a selective SRC-
1 degrader. This result was consistent with the fact that STAT-
6 interacts with SRC-1, but not SRC-3.[43] That is, given that
the stapled peptide part of ND1-YL2 was derived from the
SRC-1 binding peptide motif of STAT-6, the resulting
chimeric peptide ND1-YL2 can induce selective degradation
of SRC-1 by specifically binding to SRC-1. Alternatively,
however, the selectivity of ND1-YL2 could potentially be
attributed to the consequence of stable ternary complex
formation with SRC-1, but not SRC-3.

With a potent SRC-1 degrader in hand, we explored its
pharmacological effects on SRC-1 dependent signaling. SRC-
1 is overexpressed in various cancers and plays a pivotal role
in elevating cell migration and invasion by regulating the
expression of associated genes.[10,11] Hence, ND1-YL2 as an
SRC-1 degrader would repress the expression of genes
stimulated by SRC-1 such as colony stimulating factor-
1 (CSF-1), a gene that codes for a cytokine CSF-1 causing
cell differentiation and migration. To examine this, TNBC
MDA-MB-231 cells were treated with DMSO and varying
concentrations of ND1-YL2, YL2, or N-degron tetrapeptide
for 12 h, and the mRNA levels of CSF-1, which was
normalized to 18S levels, were monitored by quantitative
real-time polymerase chain reaction (RT-qPCR). Indeed,
ND1-YL2 downregulated CSF-1 expression while YL2 and
RLAA peptide had no significant effect (Figure 5a). Addi-
tionally, we tested the effect of ND1-YL2 on the expression of
E-cadherin, a tumor suppressor gene playing an important
role in cell-cell adhesion. Since SRC-1 protein is known to
inhibit E-cadherin expression, ND1-YL2 would upregulate E-
cadherin by depleting SRC-1. As anticipated, the treatment of
ND1-YL2 resulted in a dose-dependent increase of E-
cadherin whereas the control compounds (YL2 and RLAA)
were inactive (Figure 5b). These results are consistent with
the previous studies showing that siRNA-induced SRC-
1 knockdown induces downregulation of CSF-1 and upregu-
lation of E-cadherin.[10, 47]

Since SRC-1 degradation effectively affects SRC-1-medi-
ated transcription (Figure 5a and b), ND1-YL2 would exert
a suppressive effect on the downstream signaling pathways
such as increased cancer cell migration and invasion.[3, 17] To
test this, we first performed a gap-closure migration assay
using invasive TNBC MDA-MB-231 cell lines. Cells were
grown to confluence in culture-insert wells, and the insert was
removed to create a wound gap. Cells were then allowed to
migrate for 72 h after treating DMSO, YL2, RLAA peptide,
or ND1-YL2. The images of cells filling the gap were analyzed
to quantify the cell migration. As depicted in Figure 5 c and d,
ND1-YL2 remarkably blocked wound closure by > 80 %,
while no significant gap closure was observed in cells treated
with YL2 or RLAA peptide. The results validated that SRC-
1 degradation caused by ND1-YL2 inhibited SRC-1-mediated
cell migration. Next, we carried out a transwell invasion assay
to examine the effect of ND1-YL2 on cell invasion. We
treated MDA-MB-231 cells with varying concentrations of
ND1-YL2, the N-degron (20 mm), or YL2 (20 mm). After 24 h,

invading cells were visualized and quantified with immuno-
fluorescent microscopy. In consistent with the cell migration
experiment (Figure 5c and 5d), the treatment of ND1-YL2
resulted in a decrease in cell invasion in a dose-dependent
manner, while no significant effect was observed for YL2 or
RLAA peptide (Figure 5e and f). Note that the original
stapled peptide YL2 specifically disrupts the SRC-1/STAT-6
interaction without affecting the interaction of SRC-1 with
cancer-associated TFs, and therefore YL2 alone was supposed
to have no effect on cancer cell invasion and migration.
Inhibitory activities of ND1-YL2 on cell migration and
invasion are in a good agreement with the previous SRC-
1 knockdown experiments.[10, 48] The impaired cell migration
and invasion might be due to the inhibitory effect of ND1-
YL2 on cell growth. To rule out this possibility, MTT cell
viability assays were performed. Consistent with the previous
result observed in siRNA-induced SRC-1 knockdown,[49]

SRC-1 degradation by ND1-YL2 had no significant effect
on the viability of various cell lines (Figure S8). Taken
together, our data suggest that the chemical knockdown of
SRC-1 by ND1-YL2 would be an effective means to suppress
cancer cell migration and invasion. Finally, we asked whether
ND1-YL2 could suppress cancer metastasis in vivo. ND1-YL2
or vehicle (DMSO) treated TNBC MDA-MB-231 cells, which
express a red fluorescent protein (RFP), were injected to
BALD/c-nude mice (n = 10 for vehicle or n = 11 for ND1-
YL2). After 2 weeks, treated mice were sacrificed, and lung
metastasis of MDA-MB-231-RFP cells was evaluated and
quantified using fluorescence-activated cell sorting (FACS)
analysis. Upon treatment of ND1-YL2, invaded MDA-MB-
231-RFP cells were reduced remarkably by 40 %, as com-
pared with the vehicle sample (Figure 6a and Figure S9). To
visualize lung metastasis, we prepared the lung section and
stained with Haemotoxylin and Eosin (H&E) staining.
Metastatic tumors were only found in lung sections from
the mice which were injected with DMSO treated MDA-MB-
231 cells, while no metastatic tumors were found in the sample
treated with ND1-YL2 (Figure 6b). These results underscore
that SRC-1 degradation by ND1-YL2 efficiently suppresses
the metastasis of breast cancer cells in vivo.

Conclusion

In summary, we have developed the first PROTAC
molecule (ND1-YL2) that induces the selective degradation
of SRC-1 through the N-degron pathway. ND1-YL2 as an
SRC-1 degrader was found to significantly impair SRC-1-
mediated transcriptional activity, thereby leading to the
suppression of cancer cell invasion and migration in vitro
and in vivo. Our results suggest that pharmacological
degradation of SRC-1 would be a promising anticancer
strategy. Furthermore, this work also demonstrates that our
strategy to generate cell-permeable peptide PROTACs would
be broadly applicable to target undruggable proteins includ-
ing intracellular PPIs that are not readily tractable by
traditional small-molecule based approaches. It is noteworthy
that this type of PROTACs consisting of peptide ligands
targeting PPIs might be relatively free from concerns about

Angewandte
ChemieResearch Articles

17552 www.angewandte.org T 2020 Wiley-VCH GmbH Angew. Chem. Int. Ed. 2020, 59, 17548 – 17555

http://www.angewandte.org


drug resistance compared to small molecule PROTACs,[50,51]

because they are composed of endogenous peptide ligands.
On the other hand, one advantage of PROTACs is that it is
possible to afford a pharmacologically active PROTAC
compound with desired functions even though an original
ligand for protein of interest does not possess the desired
activity. In this study, we show that the SRC-1 degrader
capable of suppressing cell invasion and migration can be
generated from an SRC-1 ligand without such activities.
Collectively, we believe that ND1-YL2 will serve as an

invaluable chemical tool to probe SRC-1 functions and could
be further developed as a new class of therapeutic candidates.
We anticipate that PROTACs based on the N-degron path-
way will be an attractive and widely applicable strategy to
degrade disease-relevant proteins.

Figure 5. Cellular activity of ND1-YL2. For RT-qPCR experiments, mRNA levels of CSF-1 (a) and E-cadherin (b) were measured in MDA-MB-231
cells after treating YL2, RLAA peptide, or ND1-YL2. c) Gap-closure migration assay. The images were captured in MDA-MB-231 cells after 72 h
treatment of YL2 (20 mm), RLAA peptide (20 mm), or ND1-YL2 (20 mm). d) The graphical data represents the percentage of gap-closed area in
MDA-MB-231 cells. e) Transwell cell invasion assay. The images were captured in MDA-MB-231 cells after 24 h treatment of DMSO, YL2 (20 mm),
RLAA peptide (20 mm),or ND1-YL2 (20 mm). f) Transwell cell invasion assay. The graphical data represents the percentage of invaded cells in
MDA-MB-231 cells. Error bars indicate the standard deviation from three independent experiments. ** P<0.01 and *** P<0.001, as determined
by a two-tailed Student t-test.
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