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a b s t r a c t

Overactivation of Pyrin is the cause of the inflammatory diseases Mediterranean Fever and Pyrin-
associated autoinflammation with neutrophilic dermatosis (PAAND). Binding of 14-3-3 proteins re-
duces the pro-inflammatory activity of Pyrin, hence small molecules that stabilize the Pyrin/14-3-3
complex could convey an anti-inflammatory effect. We have solved the atomic resolution crystal
structures of phosphorylated peptides derived from PyrinpS208 and PyrinpS242 e the two principle 14-
3-3 binding sites in Pyrin - in complex with 14-3-3 and analyzed the ligandability of these protein-
peptide interfaces by crystal-based fragment soaking. The complex between 14-3-3 and PyrinpS242
appears to be much more amenable for small-molecule binding than that of 14-3-3/PyrinpS208.
Consequently, only for the 14-3-3/PyrinpS242 complex could we find an interface-binding fragment,
validating protein crystallography and fragment soaking as a method to evaluate the ligandability of
protein surfaces.
© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Pyrin, named after the Greek word for fever, is a 781-amino acid
protein that is encoded by the gene MEFV (Mediterranean fever)
and is predominantly expressed in granulocytes, eosinophils,
monocytes, and dendritic cells [1,2]. Pyrin is comprised of four
domains and displays extended regions of intrinsic disorder
(Fig. 1A). Activated Pyrin assembles to form an inflammasome that
subsequently activates caspase-1 which generates a proteolytic
fragment of gasdermin-D, that oligomerizes to form pores in
plasma membranes [1,3]. Caspase-1 also cleaves pro-IL-1b and pro-
IL-18 to produce the active forms of these proinflammatory cyto-
kines that are released into the extracellular space through
gasdermin-D pores [4]. These processes facilitate a necrotic type of
cell death that is called pyroptosis [3,5], suggesting that the highly
conserved Pyrin inflammasome has a crucial role in host innate
immunity, plays an important role in systemic autoinflammatory
disorders (SAID) [6,7] and possibly might participate in the path-
ogenesis of other inflammatory diseases, like systemic-onset ju-
venile idiopathic arthritis [8].
r Inc. This is an open access articl
In 2005, Jeru et al. reported 14-3-3 proteins as the direct binding
partner of Pyrin as identified by a yeast-hybrid screen, with S208
and S242 as essential for the 14-3-3/Pyrin interaction, resulting in
cytoplasmic localization of the complex [9]. 14-3-3 proteins are
phosho-serine/threonine reader proteins that among other dis-
eases play an important role in inflammation [10]. In 2016, Park
et al. reported that the RhoA-dependent protein kinases PKN1 and
PKN2 phosphorylate Pyrin at positions S208 and S242 [11],
resulting in an interaction of Pyrin with 14-3-3. When complexed
with 14-3-3, Pyrin remains in an inactivate state and does not
engage in the formation of an active inflammasome. When RhoA is
inactivated by bacterial toxins, PKN1 and PKN2 activity is reduced
and levels of phosphorylated Pyrin are low. This prevents inhibitory
14-3-3 binding to Pyrin, promoting the formation of an active Pyrin
inflammasome. This mechanism was confirmed by experiments in
murine bone marrow-derived macrophages (BMDMs) and den-
dritic cells [12]. The important regulatory role of 14-3-3 binding to
Pyrin was also strongly confirmed by the description of the domi-
nantly inherited disorder called Pyrin-associated autoinflammation
with neutrophilic dermatosis (PAAND) [13,14]. In PAAND, muta-
tions of Pyrin at position 242 (S242A) or 244 (E244K) prevent PKN-
mediated phosphorylation of Pyrin and consequently its binding to
14-3-3. Overexpression of S242A or E244K mutated proteins in
HEK293T or THP1 cells resulted in increased inflammatory cell
death suggesting constitutive activation of Pyrin. In HEK293T cells
e under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Fig. 1. Crystal structure of 14-3-3s in complex with PyrinpS208 and PyrinpS242. (A) Domain structure of Pyrin with its Pyrin (PYD)-, Bbox-, Coiled-Coil (CC)-, and B30.2 domain as
well as position and sequence of the two 14-3-3 binding sites. (B) Electron density maps (final 2Fo-Fc, contoured at 1s) of PyrinpS208 (blue sticks) or PyrinpS242 (green sticks)
bound to 14-3-3s (white surface). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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expressing wildtype or mutated Pyrin found in Familial Mediter-
ranean Fever (FMF) patients, binding of inhibitory 14-3-3 to human
mutant Pyrin was substantially reduced relative to binding to wt
Pyrin [11]. Hong et al. showed in 2019 that mutations in the second
14-3-3 binding site (S208T, S208C) also cause familial auto-
inflammation [15]. Taken together, both the inhibitory effect on wt
Pyrin as well its loss in clinically observed Pyrin mutants, suggests
that stabilizing the binding of 14-3-3 to Pyrin could convey an anti-
inflammatory, potentially therapeutically-useful effect. Enhancing
this regulatory mechanism could, for example, be interesting in
situation with acute or excessive activation of Pyrin (e.g. by the
toxin TcdB produced by Clostridium difficile) that can lead to path-
ogenic inflammation [16].

We report here the crystal structures of both known 14-3-3
binding sites of Pyrin (pS208 and pS242), individually in complex
with 14-3-3s and the bivalent peptide encompassing both binding
sites (pS208pS242) in complex with 14-3-3s with high resolution
(2.21 Å, 1.46 Å, and 1.63 Å, respectively). Visual inspection of the
structures reveal likely significant differences in the ‘ligandability’
of the Pyrinps208 and PyrinpS242 site in complex with 14-3-3:
while the peptide encompassing PyrinpS208 occupies the entire
length of the 14-3-3 binding groove and forms no deeper com-
posite interface pockets with 14-3-3, the PyrinpS242/14-3-3
interface shows a potentially more amenable pocket formed by
residues of Pyrin C-terminal of pS242 and 14-3-3. Accordingly,
soaking of fragment cocktails into crystals of the 14-3-3/Pyr-
inpS208 complex didn't result in the identification of fragments
binding to the protein/peptide interface, whereas we did identify a
fragment that bound to the aforementioned pocket in the 14-3-3/
2

PyrinpS242 interface. This ternary crystal structure with a resolu-
tion of 1.44 Å shows how the fragment engages the composite
binding pocket formed by both the protein and the peptide,
establishing contacts both to 14-3-3 and PyrinpS242.
2. Materials and methods

2.1. Protein expression and purification

14-3-3 protein was recombinantly expressed in BL21(DE3) cells
using the pPROEX HTb vector encoding for the 14-3-3sDC (DC17
truncated C-terminus) in TB medium. At a culture density of
OD600 ¼ 0.8e1, protein expression was initiated with 0.4 mM IPTG
for 18 h at 18 �C. The cells were isolated by centrifugation (10.000 g,
15 min) and resuspended in lysis buffer (50 mM Tris/HCl pH8,
300 mM NaCl, 12.5 mM imidazole, 2 mM b-mercaptoethanol). A
homogenizer was utilized for cell lysis, followed by centrifugation
(40.000 g, 30min) to clear the lysate. The proteins were purified
using standard protocols for Ni-NTA-columns. The protein was
elutedwith 250mM imidazole (50mMTris/HCl pH8, 300mMNaCl,
250 mM imidazole, 2 mM b-mercaptoethanol) and stored
at �80 �C. The 14-3-3sDC for crystallography required removal of
the His6-tag by TEV protease; the TEV was removed with Ni-NTA-
columns. To ensure highest purity, the 14-3-3sDC was applied to a
size exclusion chromatography (20mMHEPES pH7.5,150mMNaCl,
2 mM b-mercaptoethanol) and stored at �80 �C.

Crystallography. The 14-3-3s protein was C-terminally trun-
cated (DC) after T231 to enhance crystallization. The 14-3-3 protein
and Pyrin phosphopeptides PyrinpS208, PyrinpS242 as well as the



Fig. 2. Contacts between 14-3-3s (white cartoon and sticks) and PyrinpS208 (blue
sticks). Polar contacts are depicted by dashed lines, hydrophobic interactions are
indicated by semi-transparent spheres of residues involved from 14-3-3s. Water
molecules are shown as red spheres. (For interpretation of the references to color in
this figure legend, the reader is referred to the Web version of this article.)
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double-phosphorylated PyrinpS208pS242 were dissolved in
complexation buffer (25 mM HEPES pH 7.5, 2 mM MgCl2, 2 mM
beta-mercaptoethanol (bME)) and mixed in a 1:2 M stoichiometry
(protein:peptide, PyrinpS208 and PyrinpS242) or 1:0.5 (Pyr-
inpS208pS242) at a final protein concentration of 12.5 mg/mL
(470 mM). The complex was set up for hanging-drop crystallization
after 30min incubation at 4 �C, in 0.19M CaCl2, 5% glycerol, 26% PEG
400, 0.095 M HEPES, pH 7.5 (PyrinpS208 and PyrinpS242) or 0.2 M
sodium citrate, 20% PEG 3350, and 0.1 M BisTris propane, pH 8.5
(PyrinpS208pS242). Crystal soaks were performed bymixing 0.4 mL
of 50 mM stock solutions in dimethyl sulfoxide (DMSO) in 3.6 mL
mother liquor, which was then added to drops containing multiple
crystals. For the JenaScience fragments, 30 mL of crystallization
buffer was added to the reservoir, 0.5 mL crystallization buffer on
dried fragments in the well, and crystals were transferred into the
fragment drop for overnight incubation. Soaked crystals were
fished after overnight incubation at 4 �C and flash-cooled in liquid
nitrogen. X-ray diffraction (XRD) data were collected either in-
house on a Rigaku Compact HomeLab (equipped with Rigaku
MicroMax-003 sealed tube X-ray source and Rigaku Dectris PILA-
TUS3 R 200K detector, the Diamond Light Source or DESY PETRA III.

Initial processing was done using DIALS [17] in ccp4 [18] for
datasets collected at DESY. The structures were phased by limited
molecular replacement, using protein data bank (PDB) entry 4JC3 as
a template, in Phaser [19]. Refmac5 from CCP4 was used for initial
refinement as well as the cycles of refinement [20]. The presence of
soaked fragments was verified by visual inspection of the Fo-Fc and
2Fo-Fc electron density maps in Coot [21]. Structure and restraints
were generated using eLBOW [22] for successfully soaked ligands
before using phenix.refine [23] and Coot in alternating cycles for
model building and refinement. See Tables S1eS4 for XRD data
collection, structure determination, and refinement statistics.
Crystallographic data were deposited in the Protein Data Bank
(PDB).

3. Results

To structurally characterize the interface of Pyrin and 14-3-3, we
started with co-crystallization trials of short, mono-
phosphorylated peptides derived from the PyrinpS208 and Pyr-
inpS242 motif. Since the C-terminus of 14-3-3 is disordered and
thus hampers crystallization, a 14-3-3s construct that lacks the C-
terminal 18 amino acids (14-3-3sDC) was used for co-
crystallization. Synthetic peptides derived from the Pyrin
sequence surrounding pS208 (202RLRRNApS208SAGRLQGLAGGA220)
and pS242 (237KMRPRpS242LEVTIS248) were individually complexed
with 14-3-3sDC in a 14-3-3/peptide ration of 1.5 and set-up for
crystallization at a concentration of 12 mg/ml. Crystals of both
complexes grew in 0.19 M CaCl2, 5% glycerol, 26% PEG 400, 0.095 M
HEPES, pH 7.5 and belonged to the space group C2221 with one 14-
3-3s monomer in the asymmetric unit. In the structure of 14-3-3s
in complex with the PyrinpS208 peptide 11 out of 19 residues were
visible in the electron density (Fig. 1A and B). For the PyrinpS242
peptide 7 out 12 (238e246) residues could be built into the electron
density (Fig. 1A and B).

The PyrinpS208 peptide occupies the entire length of the 14-3-3
binding channel (Fig. 2) and displays one of the most extensive 14-
3-3/peptide interfaces known, comparable to the structures of 14-
3-3 in complex with YAPpS127 [24], AtaxinpS776 [25] or
LRRK2pS910 [26]. As with all phospho-dependent 14-3-3 protein-
protein interactions the most prominent feature is the accommo-
dation of the peptide's phosphate by 14-3-3's R56, R129 and Y130.
In contrast to a number of other structurally described 14-3-3/
peptide interactions e including PyrinpS242 (see below) e K49 is
not participating in binding the phosphate, but rather engages in a
3

main-chain contact with Pyrin's S209 carbonyl oxygen (Fig. 2).
Different from the majority of 14-3-3 binding motifs of partner
proteins, the PyrinpS208 peptide is not exiting the 14-3-3 binding
channel C-terminal of the phosphorylated residue, but folds back
and continues to occupy the entire length of the 14-3-3 binding
groove. This seems to be mainly driven by two anchoring points,
the salt-bridge between R212 of Pyrin and E14 of 14-3-3 and the
way the hydrophobic side chain of L213 nestles into the hydro-
phobic environment of the back wall of the 14-3-3 binding channel
(Fig. 2). The positioning of L213 is further supported by the pep-
tide's main chain arrangement stabilized by a water-mediated
contact of PyrinQ214's main-chain nitrogen with 14-3-3's D215
and the direct polar interaction of PyrinQ214's main-chain carbonyl
with the side-chain nitrogen of N42 from 14-3-3 (Fig. 2). At the N-
terminal of pS208, a number of specific contacts between the Pyr-
inpS208 peptide and 14-3-3 are established. The side chain of R205
engages in a polar contact with the carboxyl group of 14-3-3's E182
side chain, while Pyrin's N206 interacts with both the ring-nitrogen
in 14-3-3's W230's side chain and the carboxyl group of 14-3-3's
E182 (Fig. 2). These interactions are complemented by a conserved
main-chain contact with the peptide residue directly N-terminally
preceding the phosphorylated amino acid (here A207) and the side
chain of N226 of 14-3-3 (Fig. 2).

The PyrinpS242 peptide engages slightly less extensively with
14-3-3 compared to the PyrinpS208 site. As mentioned above, K49
together with R56, R129 and Y130 of 14-3-3 coordinate the phos-
phate moiety of PyrinpS242. The side chain of L243 of PyrinpS242
establishes hydrophobic contacts with L218, I219, and L222 of 14-3-
3, respectively, and R239 and R241 of Pyrin engages in polar con-
tacts with 14-3-3's D225 and E182 (Fig. 3).

Since the two 14-3-3 bindings sites in Pyrin are sufficiently
close, we subsequently solved the structure of 14-3-3s in complex
with a 41-mer pyrin peptide containing both the pS208 and the
pS242 site including the native sequence as linker between these
sites. A broad screening resulted in crystals produced under the
conditions of 0.2 M sodium citrate, 20% PEG 3350, and 0.1 M BisTris
propane (pH 8.5). Initial growing of these crystals took several
months, but streak-seeding techniques resulted in large crystals
that only took a few days to grow. The structurewas solved to 1.63 Å
resolution with 2 copies of the 14-3-3 monomer in the asymmetric



Fig. 3. Contacts between 14-3-3s (white cartoon and sticks) and PyrinpS242 (green
sticks). Polar contacts are depicted by dashed lines, hydrophobic interactions are
indicated by semi-transparent spheres of residues involved from 14-3-3s. Water
molecules are shown as red spheres. (For interpretation of the references to color in
this figure legend, the reader is referred to the Web version of this article.)

Fig. 4. Crystal structure of 14-3-3s in complex with the di-phosphorylated peptide PyrinpS2
sticks) and PyrinpS242 (green sticks) bound to a 14-3-3s dimer (white and grey surface). Th
(B) Domain structure of Pyrin with its Pyrin (PYD)-, Bbox-, Coiled-Coil (CC)-, and B30.2 dom
residues visible in the electron are shown in bold, the residues not visible in the electron
PyrinpS208 (white sticks, left) or PyrinpS242 (white sticks, right) with the respective sites in
references to color in this figure legend, the reader is referred to the Web version of this a

Fig. 5. Comparison of the protein-peptide interface of PyrinpS208 (blue surface) and
PyrinpS242 (green surface) bound to 14-3-3s (white surface). Water molecules are
shown as red spheres. While the 14-3-3s/PyrinpS208 interface is relatively featureless,
the 14-3-3s/PyrinpS242 complex creates a pocket for potential small -molecule
binders. (For interpretation of the references to color in this figure legend, the reader is
referred to the Web version of this article.)
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unit that make up the physiological dimer. The structure was found
to belong to the space group P21212 and both phosphorylated sites
could be located in the structure (Fig. 4A). Of the 41 amino acids
comprising the PyrinpS208pS242 peptide, 11 residues (205e2015)
can be built into the electron density at the pS208 site, whereas 8
08pS242. (A) Electron density maps (final 2Fo-Fc, contoured at 1s) of PyrinpS208 (blue
e part of the peptide not visible in the electron density is represented by a dotted line.
ain as well as the sequence of the di-phosphorylated PyrinppS208pS242 peptide. The
density are underlined. (C) Superimposition of the single peptide crystal structures of
the PyrinpS208pS242 bivalent structure (color coding as in A). (For interpretation of the
rticle.)



Fig. 6. Crystal structure of 14-3-3s in complex with PyrinpS242 and a fragment identified from the Jena Biosciences fragment library. (A) Electron density maps (final 2Fo-Fc,
contoured at 1s) of Frag1 (blue sticks) and PyrinpS242 (green sticks) bound to 14-3-3s (white surface). (B) Surface representation of the interface pocket between 14-3-3s (white)
and PyrinpS242 (green) to which Frag1 (yellow van-der-Waals spheres) binds. Crystallographic water molecules are shown as red spheres. (C) Hydrophobic contacts between Frag1
(yellow sticks and semi-transparent spheres), 14-3-3s (white sticks and semi-transparent spheres), and PyrinpS242 (green sticks and semi-transparent spheres). (D) Polar contacts
(dashed black line) between Frag1 (yellow sticks), 14-3-3s (white sticks) and PyrinpS242 (green sticks). (For interpretation of the references to color in this figure legend, the reader
is referred to the Web version of this article.)
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residues (238e245) can be built into the electron density at the
pS242 site (Fig. 4A). No electron density of the native sequence
linking the two phosphorylation sites (Fig. 4B) could be identified,
probably due to the retainment of high flexibility. Of the residues
visible in the electron density, the positions of both main and side
chains are nearly identical with the structures solved with the
monovalent PyrinpS208 and PyrinpS242. The only exception is seen
with R239 which is flipping its position in the 14-3-3 binding
channel (Fig. 4C).

The analysis of the structures of 14-3-3 in complex with Pyr-
inpS208 and PyrinpS242 revealed substantial differences in the
architecture of the protein/peptide interfaces (Fig. 5). The PPI
interface of the 14-3-3/PyrinpS208 complex is relatively featureless
in the way of interesting pockets and thus likely offers only limited
opportunities for ligands to bind (Fig. 5). In particular, the
Fusicoccin-binding pocket e accessible in many other 14-3-3/
peptide complexes like those with CRaf [27,28], Gab2 [29], CFTR
[30], TASK3 [31], and p65 [32] - near the þ1 amino acid position is
occupied entirely by the C-terminal part of the PyrinpS208 peptide.
Three other positions where we have previously found fragmentse
covalent fragments binding to Lys122 [33e35] and (engineered)
Cys42 [36,37] as well as non-covalent amidine derivatives binding
to Glu14 [38] e are also not accessible in the 14-3-3s/PyrinpS208
structure. This evaluation of challenging ligandability of this
interface was confirmed by the lack of hits from the extensive
fragment cocktail soaks that we have carried out with a GSK frag-
ment library of ca. 200 compounds designed for X-ray screening
and the Frag Xtal Screen from Jena Bioscience (96 fragments).
Although additional electron density was found in some of the
soaked crystals, none of these were located at the central binding
5

channel or near the peptide.
The protein/peptide interface looks substantially different in

case of the 14-3-3/PyrinpS242 complex (Fig. 5). While the Pyr-
inpS208 peptide occupies the entire length of the 14-3-3 binding
channel and produces a more flat interface, the PyrinpS242 peptide
occupies only around half of the length of the binding groove and
produces a deeper, more extensive interface pocket that might be
more ‘ligandable’. While unfortunately fragment cocktail soaking
with the GSK library didn't produce any hits, the idea of a more
addressable pocket was confirmed by a hit from the fragment
screen with the Jena Bioscience library (Fig. 6A). This fragment, (N-
[3-(aminomethyl)phenyl]acetamide), was identified to bind in the
direct vicinity of the þ1 residue of PyrinpS242 (L243, Fig. 6A) and
nestling in a pocket formed by the 14-3-3 binding groove and the
peptide (Fig. 6B). The fragment makes 2 polar contacts with 14-3-3,
one between the methylamine and the carbonyl oxygen of I168, the
other with the OH group at the opposite site of the molecule and
the side chain of N42 (Fig. 6C). Interactions with the PyrinpS242
peptide are of hydrophobic nature, both involving the side chain of
L243 and V245. The latter makes a 30� turn to engage the fragment
more intimately (Fig. 6D). This accommodation also moves T246
and the further C-terminus of the peptide, which is not visible in
the density, out of the way to make place for the fragment (Fig. 6D).

4. Discussion

Fragment-based ligand discovery (FBLD) is enjoying continuous
and increasing popularity for the identification of initial chemical
matter in many drug discovery projects. One big advantage of FBLD
is the rapid and cost-effective validation of the ‘ligandability’ of a
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protein target. The 14-3-3s are a class of Ser/Thr-phosphorylation
reader proteins that interact with hundreds of partner proteins in
human cells. They bind to short, phosphorylated and intrinsically
disordered linear peptide sequences within their partner proteins
and induce a disorder-to-order transition in their partners,
involving typically up to 15 amino acids of the 14-3-3 client protein.
How these residues fold into the binding channel of the W-shaped
14-3-3 dimer can be very different among partner proteins [39]. For
example, so-called mode-3 binding partners of 14-3-3 proteins
interact via a sequence where the C-terminal, penultimate residue
is the phosphorylated serine or threonine. The potassium channel
TASK3 [31], the estrogen receptor ERa [40], the G protein RND3 [41]
and the protein kinase DAPK2 [42] have been structurally charac-
terized using such motifs to bind to 14-3-3. Since the phosphory-
lated S/T always binds to a highly conserved pocket roughly in the
middle of the 14-3-3 binding channel, this mode-3 interaction
leaves about half of the channel unoccupied. This allows for rela-
tively large molecules like the natural product Fusicoccin A
[31,40,42] and Pyrrolidone [43] to bind to this interface and stabi-
lize the complex and was also the first example where a fragment
tethering approach was shown to work [36]. A second type of 14-3-
3 motifs leaves almost as much of the binding channel unoccupied
as the mode 3 binders. This is achieved in their case by an at least
90� turn of the peptide main chain C-terminal of the þ1 position,
often facilitated by the presence of proline or glycine at theþ2 and/
or þ3 position. These complexes are often also amenable to stabi-
lization by natural products of the fusicoccane class, for example in
the case of CRaf [28], Gab2 [29], CFTR [30], CaMKK2 [44] and p65
[32]. In addition, for such interfaces FBLD had been successful, by
targeting complexes of 14-3-3 with p53 [38], p65 [33,34], Pin1 [35]
and Amot-p130 [45].

A third class of binding modes is characterized by occupation of
the peptide over the entire length of the 14-3-3 binding channel. As
mentioned earlier, LRRKpS910 [26], AtaxinpS776 [25], YAPpS127/
TAZpS89 [24,46], but also USP8pS718 [47] and SOS1pS1161 [48]
belong to this category. In these cases, where the ‘Fusicoccin pocket’
is filled by the C-terminal part of the peptide, the composite surface
is relatively featureless. Consequently, identifying small, orthos-
terically stabilizing molecules for these interfaces can be expected
to be muchmore challenging thanwith 14-3-3 complexes of class 1
and 2. With the elucidation of the structures of two phosphomotifs
from Pyrin binding to 14-3-3 one of which belongs to class 3
(PyrinpS208) and the other to class 2 (PyrinpS242), we saw the
opportunity to perform a side-by-side comparison of the ligand-
ability by fragment cocktail soaking of the respective co-crystals.
While we could identify a fragment binding to the 14-3-3/Pyr-
inpS242 interface, no fragments binding near the peptide were
found in the 14-3-3/PyrinpS208 complex. This confirms the
concept of differently chemistry-amenable 14-3-3 motifs, even
when found in the same 14-3-3 partner protein. This is of relevance
when evaluating a 14-3-3/client complex as a potential drug target,
as many 14-3-3 partner proteins harbor more than one 14-3-3
binding site, ranging from examples with two like in Foxo1 [49],
three like in p53 [50], four in LRRK2 [51,52] and up to nine in CFTR
[53,54]. It is not entirely clear if stabilization of a given 14-3-3/
partner protein complex via targeting different 14-3-3 binding
motifs will result in different biological outcomes, since for the vast
majority of 14-3-3 PPIs the effect of 14-3-3 binding on the target
protein is described as the same, with just the overall binding af-
finity being influenced. If such differences are indeed of relevance,
then this could be tested by specific stabilizers that target exclu-
sively one of several 14-3-3 binding sites in a partner. As the results
from this study indicate, identification of such site-specific binding
moieties is possible.
6
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