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Contributions to chapter 

Protein expression, FP and MST measurements to determine Kd- and IC50-values, 
crystal structure determination.  

 

Abstract 

Macrocyclization is a commonly used method to constrain peptides in their bioactive 
conformation aiming to improve their target affinity and bioavailability. Most 
strategies have been developed to stabilize α-helical secondary structures for targeting 
protein-protein interactions. Here, we applied ring-closing alkyne metathesis to 
constrain an irregular peptide conformation for efficient target binding. Based on 
previous studies, we designed and synthesized a series of alkyne-macrocyclized 
peptides yielding derivatives which reveal improved target affinities compared to the 
linear parent peptide. For the best alkyne-containing binder, we pursued co-
crystallization with its target protein to elucidate molecular interactions. We obtained 
the first crystal structure of a target-bound, alkyne-crosslinked peptide reported in 
literature, which visualizes the structural impact of the alkyne moiety on peptide 
conformation.  
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Introduction 

Macrocyclic peptides have proven particularly successful to address challenging 
protein targets with large and flat binding sites,1 as they often resemble the binding 
epitope of a natural interaction partner.2,3 Macrocyclization of a native peptide 
sequence can be achieved by introduction and crosslinking of functionalized, non-
natural amino acids and typically aims to constrain a bioactive conformation required 
for efficient target engagement.4 Most macrocyclization strategies such as hydrogen 
bond surrogates (HBSs) and peptide stapling are designed to stabilize α-helical 
secondary structures (Figure 1A).5  

 
Figure 1: A) Examples of macrocyclization strategies involving hydrocarbon crosslinks for stabilizing 
secondary structures. Left: Hydrogen bond surrogate (HBS);16 Middle: Stapled peptide; Right: Alkyne-
crosslinked peptide; B) Top: General scheme of ring-closing olefin metathesis (RCM) including 
ruthenium (Ru)-based catalyst (here shown: Grubbs 1st catalyst); Bottom: General scheme of ring-
closing alkyne metathesis (RCAM) including molybdenum (Mo)-based catalyst.  

Both, HBSs and stapled peptides, employ ring-closing olefin metathesis (RCM) 
reactions mediated by ruthenium-based catalysts to implement constraining 
hydrocarbon crosslinks (Figure 1B, top),6,7 which appear to be particularly beneficial 
due to their hydrophobic and inert properties.8–10 In HBSs, a backbone nitrogen at the 
peptide N-terminus and a carbonyl carbon are connected through a hydrocarbon 
bridge thereby generating a macrocyclic structure.11 Stapled peptides on the other 
hand are crosslinked in a side chain-to-side chain cyclization via two α-methyl, α-
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alkenyl amino acids.12 Based on the concept of RCM, a new method has been 
developed in our group applying a molybdenum-based complex to catalyze ring-
closing alkyne metathesis (RCAM) reactions (Figure 1B, bottom). This method 
introduces a rigidified, alkyne-containing hydrocarbon crosslink between two α-
methyl, α-alkynyl amino acids and has been used to stabilize an α-helical secondary 
structure.13 The molybdenum-based catalyst and the alkyne reactivity render RCAM an 
orthogonal chemical method to RCM. This fact offers the opportunity to perform 
chemo- and regio-selective syntheses of bicyclic peptides, in which RCM and RCAM 
can be operated either sequentially or in an one-pot approach.13 In contrary, applying 
exclusively RCM to introduce two crosslinks into one peptide sequence has been 
associated with selectivity problems.14,15 Furthermore, the introduction of an alkyne 
moiety into the crosslink is promising to reveal new molecular geometries for 
macrocyclized peptides. In particular for crosslink-mediated interactions, an extended 
variation of synthetically accessible architectures can be beneficial for the design of 
high affinity binders. 

 

Results and discussion 

Herein, we aimed to extend the scope of RCAM towards the stabilization of peptides 
with an irregular, bioactive conformation. As a model system for our approach, we 
chose βRS8 and βSS12, which are derived from ESp, the 14-3-3 binding epitope of 
exoenzyme S (ExoS), and serve as modulators for the pathogenic 14-3-3/ExoS-
interaction.17,18 Both peptides comprise a fully saturated, hydrocarbon crosslink to 
constrain the irregular secondary structure required for efficient target binding and 
exhibit sub-micromolar affinities.17 Since the introduction of an alkyne-containing 
linker is expected to further increase the conformational restriction and to influence 
the overall secondary structure of crosslinked peptides, a series of alkyne-
macrocyclized peptides based on βRS8- and βSS12-structures has been designed (Figure 
2A) and investigated regarding the impact of the rigidified crosslink on target 
engagement. Consequently, we suggested two subgroups of alkyne-modified 
derivatives referred to as βRS8- (peptides A – D) and βSS12-family (peptides E – H), 
respectively (Figure 2B,C). Positions and absolute configurations of crosslinking amino 
acids were retained from their corresponding starting points, whereas linker lengths 
were varied according to a previously reported study.17 Thus, members of the βRS8-
family comprise linker lengths of eight to ten carbon atoms, whereas peptides of the 
βSS12-family reveal linker lengths between ten and 12 atoms. For peptides containing 
crosslinks with an even number of carbon atoms (A, D, E and H), the triple bond has 
been introduced in the center. For peptides with an odd number of linker atoms, two 
regioisomers bearing the alkyne moiety in both positions adjacent to the central 
carbon atom within the crosslink were synthesized (B, C, F and G).19 Alkyne-modified 
amino acids and peptides were synthesized by Philipp M. Cromm. Here, Fmoc-based 
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solid-phase peptide synthesis (SPPS) was applied and subsequent RCAM reactions 
were performed using a molybdenum-based complex (Figure 1B).20  

 

 
Figure 2: A) General peptide sequence of ESp (aa 420 – 430) and its alkane- and alkyne-crosslinked 
derivatives. B) N-terminally Fmoc-protected α-methyl, α-alkynyl amino acids 1 – 5 which are 
incorporated during SPPS into βRS8- and βSS12-derived peptides and subsequently crosslinked through 
RCAM on solid phase; C) Absolute configuration at position X and Y, crosslink lengths and affinities (Kd-
values) of precursor peptides ESp, βRS8, βSS12 as well as family affiliation, introduced alkyne-modified 
amino acids, absolute configuration of amino acids X and Y, crosslink lengths and Kd-values of alkyne-
macrocyclized derivatives A – H. Kd-values were determined in FP assays (triplicate, errors account for 
1σ). 

All peptides were modified with an N-terminal FITC-peg2 label to measure their 
affinity towards 14-3-3ζ (hereafter referred to as 14-3-3) in fluorescence polarization 
(FP) assays (Figure 2C, Figure S1-3). ESp, βRS8 and βSS12 were included in the FP 
measurements as reference and showed dissociation constants (Kd) in the expected 
range.17 For alkyne-crosslinked peptides A – H, we detect a broad distribution of 
binding affinities depending on their linker length and absolute configuration at 
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position 422 and 425 with Kd-values ranging from > 10 µM to 0.31 µM. Within the 
βRS8-family (A – D), peptide A appears to be the best 14-3-3 binder showing a 1.6-fold 
lower Kd-value (0.54 ± 0.08 µM) compared to the unmodified ESp (Kd = 
0.84 ± 0.10 µM). Noteworthy, peptide A reveals the same linker length as its starting 
point βRS8 (eight carbon atoms) thereby supporting previous published data, which 
identified eight linker atoms as the optimal size when using an R- and S-configured 
non-natural amino acid in position 422 and 425, respectively.17 However, increasing 
the linker length up to nine and ten carbon atoms results in a tremendous loss of 
binding potency for peptides B, C and D (Kd > 10 µM). These crosslink sizes possibly 
introduce undesired conformations into the peptide, which disfavor target binding. 
Overall, peptides derived from βSS12 (E – H) exhibit higher binding affinities towards 
14-3-3. Interestingly, for regioisomers F and G with an odd-numbered linker size, 
severe differences in Kd-values have been observed. Peptide G reveals a moderate, low 
micromolar affinity (Kd = 1.35 ± 0.29 µM), whereas peptide F appears to not show any 
target interactions detectable in the FP assay (Kd > 10 µM). For βSS12 analogs with an 
even number of crosslink atoms, we generally detect good binding potencies in a sub-
micromolar Kd-range (Kd (E) = 0.62 ± 0.09 µM, Kd (H) = 0.31 ± 0.07 µM). Peptide H 
features a particularly high affinity for 14-3-3, thereby displaying the best binder 
within the entire series of alkyne-containing peptides (Figure 3A). However, relative to 
its fully saturated analog βSS12, peptide H shows a 3-fold reduced binding affinity. This 
observation likely originates from the sterical influence of the alkyne moiety. Since the 
hydrocarbon crosslink of βSS12 is known to interact with the 14-3-3 binding groove,17 
we assume that a more flexible linker allows a better fit to the protein surface and 
thereby enables stronger hydrophobic effect. Therefore, the potential loss of direct 
interaction appears to abolish the presumable entropic advantage of the increased 
constraint in peptide H. Nevertheless, for H a 1.3- and a 2.7-fold improved affinity has 
been detected compared to crosslinked βRS8 and linear ESp, respectively. Within the 
tested range, the optimized linker length for alkyne-macrocyclized peptides appears to 
conform with reported results for the alkane crosslinked analogs.17 Consequently, both 
peptide H and βSS12 harbor a 12-membered linker between two S-configured residues 
in position 422 and 425. Furthermore, the previously observed trend of higher 
affinities for the 12 carbon atom containing crosslink (absolute conformation: S/S) 
compared to the eight-membered linker (absolute conformation: R/S) is recaptured in 
the current studies as peptide H shows stronger interaction with 14-3-3 than peptide 
A. To verify the high affinity of peptide H towards 14-3-3, a microscale thermophoresis 
(MST) was performed as orthogonal assay to FP. In line with previous results, the MST 
measurements revealed a good, sub-micromolar Kd-value for H (Kd = 0.44 µM, Figure 
S4,S5). 
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Figure 3: A) Chemical structure of the alkyne-crosslinked peptide H derived from βSS12 (R = FITC-peg2 
or acetyl); B) Normalized IC50-curves for N-terminally acetylated peptides ESp (gray) and H (red) 
determined by FP-based competition assays using N-terminally FITC-peg2-labeled ESp (10 nM) as 
tracer in complex with 14-3-3 (triplicates, error accounts for 1σ). 

Furthermore, FP-based competition assays were conducted to validate the 
binding site of peptide H on the target protein. After incubations of 14-3-3 with 
fluorescence-labeled ESp, which is known to bind to the amphipathic groove of 14-3-3, 
increasing concentrations of N-terminally acetylated peptide H and ESp were used to 
titrate the 14-3-3/ESp-complex. Here, ligand H efficiently replaced ESp from the 14-3-3 
binding groove thereby exhibiting a low micromolar IC50-value (IC50 = 1.19 µM, Figure 
3B). Consequently, this observation indicates that peptide H and ESp share at least 
partially the same binding site. As expected, using acetylated ESp as competitor 
revealed a considerably higher IC50-value (IC50 = 4.65 µM), being in line with its lower 
affinity for 14-3-3. Eventually we aimed to elucidate the molecular recognition 
between the best binder, peptide H, and its target protein 14-3-3 with focus on the 
impact of the introduced alkyne moiety on the macrocycle and the overall peptide 
conformation. Thus, co-crystallization of peptide H in complex with 14-3-3 ΔC was 
pursued. Crystals were obtained in space group P212121 and diffracted up to a 
resolution of 2.4 Å (PDB ID 5j31), providing the first crystal structure of an alkyne-
macrocyclized peptide in the literature.  
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Figure 4: A) 14-3-3 dimer with each monomeric subunit occupied by one peptide H (turquoise) 
including the corresponding 2Fo-Fc electron density (black, PDB ID 5j31). B) Left: Side view on 
superimposed structures of peptide H (turquoise) and ESp (white, PDB ID 4n7g) in complex with 14-3-
3 showing residues in crosslinking positions 422 and 425. Right: Front view on superimposed 
structures of peptide H and ESp in complex with 14-3-3 showing residues crucial for binding. C) Left: 
Side view on superimposed structures of peptide H (turquoise) and βSS12 (grey, PDB ID 4n84) in 
complex with 14-3-3 showing alkane-(βSS12) and alkyne-(H) crosslink. Right: Front view on 
superimposed structures of peptide H and βSS12 in complex with 14-3-3 showing residues crucial for 
binding B), C) Surface of 14-3-3 residues involved in peptide binding are highlighted in orange. 



 Constraining an Irregular Peptide Secondary Structure through RCAM 

 

51 
 

The complex structure was resolved as dimer assembling a W-shape, which is 
typical for the physiological appearance of 14-3-3 proteins. Here, both monomeric 
subunits comprise nine α-helices under formation of a cup-shaped structure, whereas 
the groove of each monomer is occupied by one ligand (peptide H, Figure 4A). The 
obtained 2Fo-Fc electron density map allowed resolution of the entire amino acid 
sequence of peptide H including the alkyne-containing crosslink. Only the N-terminal 
residue Q420 has not been resolved in the obtained crystal structure. This observation 
is in line with previous crystallization studies for ESp-derived peptides in complex with 
14-3-3.17 Q420 appears to not interact with the 14-3-3 surface, thereby being fairly 
flexible and unsuitable to be captured by X-ray crystallographic analysis. 
Superimposition of peptide H with crystal structures of the unmodified ESp (PDB ID 
4n7g, Figure 4B) and the alkane-crosslinked βSS12 (PDB ID 4n84, Figure 4C) reveals all 
peptides bind to the same interface of 14-3-3 and adopt the same irregular 
conformation. Particularly striking, both peptides H and ESp show a very close overlay 
of backbone and side chain conformations for the LDL-motif (aa 426 – 428). 
Hydrophobic contacts mediated by L426 and L428 as well as electrostatic interactions 
between D427 and protein residues Y128 and N174 have been reported earlier to be 
crucial for high affinity binding to 14-3-3.21 Overall, the alkyne linker (X422 and Y425) 
and residues L423, L426 and L428 of peptide H perform extended hydrophobic 
contacts with the lipophilic groove of 14-3-3, which is spanned by protein residues 
N42, S45, V46, F117, P165, I166, L172, N173, D213, L216, I217 and L220. Here, the 
hydrophobic contacts previously mediated through L422 and A425 in ESp are replaced 
by the hydrocarbon tether of peptide H. For the N-terminal sequence, which involves 
the macrocyclic scaffold of H, a slight shift in the backbone conformation relative to 
ESp has been observed. This deviation is possibly introduced by the linear, sterically 
demanding alkyne moiety which stretches over four carbon atoms within the crosslink. 
When comparing crystal structures of peptide H and alkane-crosslinked βSS12, an 
excellent overlay of backbone and side chain residues for both N- and C-terminal part 
has been detected. This is in line with the good affinities of both peptides in the lower 
nanomolar range (Kd(peptide H) = 0.31 µM, Kd(βSS12) = 0.10 µM). Only minor 
conformational deviations appear in the macrocycle region, which are likely to 
originate from the different levels of constraints (alkyne vs alkane). Altogether, 
peptide H appears to recapture the conformation of the C-terminal ESp sequence 
including the LDL-motif (aa 426 – 428), which was shown to be crucial for target 
engagement. Furthermore, peptide H forms additional contacts with the hydrophobic 
binding groove of 14-3-3 through its 12-membered alkyne crosslink. Consequently, this 
structure-based analysis of the 14-3-3/peptide H-interaction allows the hypothesis, 
that the introduced alkyne linker supports target binding through both additional 
hydrophobic interactions and stabilization of the irregular secondary structure. 
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Conclusion 

In summary, we extended the scope of on-resin RCAM by constraining a peptide in its 
irregular secondary structure, which is crucial for efficient binding. Based on previously 
reported studies, a series of alkyne-crosslinked peptides has been derived from βRS8 
and βSS12 with varying linker lengths (βRS8- and βSS12-family). Among these derivatives, 
peptide H bearing a 12-membered alkyne linker between two S-configured amino 
acids in position 422 and 425 reveals the highest affinity (Kd = 0.31 ± 0.07 µM) towards 
its target protein 14-3-3 measured in FP assays. The good binding potency of peptide H 
was validated by additional MST and FP-based competition assays. Furthermore, the 
molecular recognition between peptide H and 14-3-3 has been elucidated by X-ray 
crystallography, yielding the first crystal structure of an alkyne-macrocyclized peptide. 
Here, we were able to confirm the binding site of peptide H within the 14-3-3 binding 
groove, which has been indicated by the FP-based competition assay earlier. 
Additionally, we concluded that the alkyne-crosslink of H contributes to its good 
binding affinity by both stabilizing the irregular secondary structure and formation of 
hydrophobic contacts with 14-3-3.    
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Methods 

Protein expression and purification 

For the heterologous expression of 14-3-3ζ full-length His-tag, Escherichia coli Rosetta 
(DE3) cells were transformed with a pProEx-HTb vector carrying the corresponding 
gene. To obtain a pre-culture, 50 mL LB medium containing 100 µg·mL−1 ampicillin 
were supplemented with transformed cells and incubated at 37 °C and 170 rpm orbital 
shaking overnight. 5 L TB medium containing 100 µg·mL−1 ampicillin were treated with 
pre-culture to yield an OD600 of about 0.1. The culture was grown at 37 °C with orbital 
shaking of 140 rpm until an OD600-value of 0.6 – 0.8 was reached. The induction of 
protein expression was initiated by adding 0.5 mM isopropyl-β-D-1-thiogalacto-
pyranoside (IPTG) to the culture, before incubating at 25 °C and 150 rpm orbital 
shaking overnight. The cells were harvested by centrifugation at 4 °C and 4500 rpm for 
20 min. The remaining, bacterial pellet was resuspended in 50 mL lysis buffer (50 mM 
tris(hydroxymethyl)aminomethane (TRIS) pH 8.0, 500 mM NaCl, 2 mM phenylmethyl-
sulfonyl fluoride (PMSF), 2 mM 2-mercaptoethanol), before cells were lysed using a 
microfluidizer. Cell debris was removed by centrifugation at 4 °C and 8000 rpm for 
30 min and the His-tagged 14-3-3ζ was purified from the supernatant through affinity 
chromatography on a nickel nitrilotriacetic acid (NTA) column. NTA beads were 
washed with washing buffer (50 mM TRIS pH 8.0, 500 mM NaCl, 5 % glycerol, 25 mM 
imidazole, 0.5 mM tris(2-carboxyethyl)phosphine (TCEP)) and His-tagged 14-3-3ζ was 
eluted using elution buffer (50 mM TRIS pH 8.0, 500 mM NaCl, 5 % glycerol, 250 mM 
imidazole, 0.5 mM TCEP). Eluted protein was concentrated via ultracentrifugation in 
Amicon® Ultra Centrifugal Filter Units (cutoff 30 kDa), before performing a second 
purification by size exclusion chromatography (SEC) on an ÄKTA Pure system with a 
HiPrep 26/60 Sephacryl S-200 HR column using 20 mM 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES) (pH 7.4), 100 mM NaCl, 2 mM MgCl2 and 1 mM 
2-mercaptoethanol as buffer. The pure protein was concentrated by ultracentri-
fugation and flash-frozen in liquid nitrogen for storage at -80 °C. 

 

Fluorescence polarization assay 

Dissociation constants (Kd) of 14-3-3ζ (full-length His-tag)/peptide-complexes were 
determined by fluorescence polarization (FP) assays conducted in triplicates. Here, 
0.1 mM stock solutions of N-terminally FITC-peg2 modified peptides in DMSO were 
dissolved in FP buffer (10 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 
(HEPES) pH 7.4, 150 mM NaCl, 0.1 % Tween-20) to obtain a 40 nM solution. A 200 µM 
14-3-3ζ solution (15 µL per well) was diluted stepwise in a 384-multiwell plate 
(Corning, material no.: 4514) by a factor of 2.5. After addition of 5 µL peptide solution 
to each well (final peptide concentration: 10 nM, final protein concentrations: 150 µM 
to 26 pM) and incubation for 10 min at room temperature, the fluorescence 
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polarization was measured using a Safire2 plate reader (Tecan) with λ(ex) = 485 nm 
and λ(em) = 525 nm. Calculations of Kd-values were performed with GraphPad Prism® 
software applying a non-linear regression analysis of dose-response curves. 

 

Microscale Thermophoresis 

A microscale thermophoresis (MST) measurement was performed as duplicate to 
determine the dissociation constant (Kd) of N-terminally FITC-peg2 labeled peptide H in 
an orthogonal assay compared to FP.  Here, a 200 µM solution of 14-3-3ζ (full-length 
His-tag) was serially diluted in assay buffer (10 mM HEPES pH 7.4, 150 mM NaCl, 0.1 % 
Tween-20) by a factor of 2.5 and treated with 10 nM fluorescein-labeled peptide to 
yield final protein concentrations ranging from 150 µM to 26 pM and a final peptide 
concentration of 10 nM. After incubation for 2 h at room temperature the mixture was 
soaked into capillaries for MST measurements. Thermophoresis of fluorescence-
labeled entities was measured by a Monolith detector and corresponding Kd-values 
were calculated using the Monolith Affinity Analysis software (NanoTemper 
Technologies). 

 

Competition fluorescence polarization assay  

The half maximal inhibitory concentrations (IC50) of N-terminally acetylated peptides 
were determined by displacing FITC-peg2 labeled ESp from the 14-3-3ζ (full-length His-
tag) binding site in a FP-based displacement assay. Here, a 2.76 µM solution of 14-3-3ζ 
in FP buffer (10 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) 
pH 7.4, 150 mM NaCl and 0.1 % Tween-20) was pre-incubated with 66 nM N-
terminally FITC-peg2 modified ESp for 30 min at 4 °C. DMSO stock solutions of N-
terminally acetylated peptide H and ESp were dissolved in FP buffer to yield 
concentrations of 23 µM and 133 µM, respectively, which were further diluted 
stepwise in a 384-multiwell plate (Corning, material no.: 4514) by a factor of 1.5. 10 µL 
of pre-incubated 14-3-3/FITC-peg2-ESp-solution were added to each well with 5 µL 
acetylated peptide solution to obtain final concentrations of 17 µM to 17 nM for 
acetylated peptide H and 100 µM to 101 nM for acetylated ESp and a final protein 
concentration of 2 µM for 14-3-3ζ with 10 nM fluorescence labeled ESp. After 
incubation for 1 h at room temperature, the fluorescence polarization was measured 
utilizing a Safire2 plate reader (Tecan) with λ(ex) = 485 nm and λ(em) = 525 nm. IC50-
values were calculated using GraphPad Prism® software via non-linear regression 
analysis of dose-response curves. 
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Crystal Structure determination 

Data was collected using the PXII - X10SA beamline for protein crystallography at Paul 
Scherrer Institut (PSI) in Villigen, Switzerland. Crystallographic analysis was performed 
using the XDS15 software package. Molecular replacement was carried out with the 
CCP4 package and model building was performed with COOT. Detailed crystallographic 
statistics are summarized in Table S2. Crystal structure was deposited in the Protein 
Data Bank with PDB ID 5j31.   
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Appendix 

Supporting tables 
Table S1: Results from MST analysis of peptide H (Figure S4,S5). MST data was fitted using the 
software Monolith Affinity Analysis (NanoTemper Technologies). Two individual runs were performed 
resulting in an average Kd of 0.44 µM.  

Peptide H Kd / µM 

run1 0.35 ± 0.15 

run2 0.53 ± 0.10 

 

 

 

 

 

Table S2: Data collection and refinement statistics (PDB ID 5j31). Data were collected from a single 
crystal. Values in parentheses are for highest-resolution shell. 

 14-3-3ζΔC/H  

Data collection   

Space group P 212121 (19)  

Cell dimensions   

a, b, c (Å) 83.40, 104.09, 113.80  

α, β, γ (°) 90.00, 90.00, 90.00  

Resolution (Å) 47.63-2.4 (2.50-2.40)  

Rsym or Rmeas 5.2(64.4)  

I / σ 19.37 (3.06)  

Completeness (%) 100 (100)  

Redundancy 13.28 (13.79)  
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Refinement   

Resolution (Å) 47.94-2.4 (2.60-2.40)  

No. reflections 38425  

Rwork / Rfree 0.163/0.219(0.183/0.230)  

No. atoms   

    Protein 3675  

    Ligand/ion 154  

    Water 358  

B-factors   

    Protein A:65.44; B: 65.51  

    Ligand/ion C:67.72; E: 68.46  

    Water 70.08  

R.m.s. deviations   

    Bond lengths (Å) 0.0206/0.0199  

    Bond angles (°) 2.8437/3.3327  
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Supporting figures 

 

Figure S1: FP measurements of peptides ESp, βRS8 and βSS12 with 14-3-3ζ including 
average Kd-values (triplicates, errors account for σ). 

 

Figure S2: FP measurements of peptides A, B, C and D with 14-3-3ζ including average 
Kd-values (triplicates, errors account for σ). 
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Figure S3: FP measurements of peptides E, F, G and H with 14-3-3ζ including average 
Kd-values (triplicates, errors account for σ). 
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Figure S4: MST curves of peptide H.  

 

 

Figure S5: Fitted MST data of peptide H. with cmax (14-3-3ζ) = 150 µM. Calculated Kd-
values are summarized in Table S1.  
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