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Abstract

Intrinsically disordered proteins (IDPs) lack stable structure and classical binding 
pockets, making them remarkably difficult to drug. However, upon interacting 
with partner proteins, IDPs can form transient yet specific and defined interfaces, 
which, if discovered, can become exploitable footholds for therapeutic intervention. 
Here, we use AlphaFold-Multimer to shine light on the underexplored oncogenic 
protein-protein interaction between MYC and Miz-1. Notably, AlphaFold-Multimer 
predicted that Miz-1 binds at a site overlapping with the MYC/MAX dimerization 
domain which is MYC’s best-characterized oncogenic interface. Guided by this 
prediction, we designed and synthesized stapled peptidomimetics, targeting the 
MYC/Miz-1 and MYC/MAX interface. Our best variant, Mizmetic 2, binds MYC and 
alanine scanning identified key binding hotspots and promising sites for beneficial 
substitutions. The optimized variants disrupted MYC/MAX complex formation 
and prevented MYC from binding its canonical E-box DNA elements in vitro, with 
submicromolar potency. MAX/MAX DNA complex formation was also reduced, 
likely indicating some degree of unspecific binding. While still at a proof-of-concept 
stage, our findings showcase how AI-based structure prediction can illuminate 
disordered protein interactions and reveal new targetable sites on MYC.
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5.1 	 Introduction

Protein-protein interactions (PPIs) usually entail large interaction interfaces. 
While many PPIs are involved in disease, these interactions are difficult to 
target.  [1] The challenge becomes even more critical when intrinsically disordered 
regions (IDRs) or proteins (IDPs) are involved. IDRs and IDPs can adopt 
defined conformations when interacting with partner proteins, but their general 
disordered nature makes structure elucidation approaches very challenging. With 
approximately 22% of the human genome being an IDP or containing IDRs,[2] 
it is essential to identify and characterize how these proteins interact in order 
to target disease related IDPs. Recently more promising in silico strategies were 
reported, using AlphaFold[3] or RFDiffusion,[4] to predict how IDRs interact 
with protein partners with a high accuracy[5] or even design de novo interaction 
partners.[4] Yet, to enable therapeutic development further research is needed.

A well characterized disease related IDP is MYC. Dysregulation of MYC is involved 
in more than 50% of all human cancers. MYC belongs to the basic-helix-loop-helix 
leucine zipper (bHLH-LZ) protein family.[6,7] It needs to heterodimerize with protein 
partners, such as MYC associated protein X (MAX) (Figure 5.1a), to bind enhancer-
box DNA (E-box, CACGTG) and regulate downstream genes through its disordered 
transactivation domain (TAD). When not in complex, MYC is disordered (Figure 5.1a).

MYC also drives tumor development in complex with MYC interacting Zinc 
Finger 1 (Miz-1, Figure 5.1a).[8,9] It was found that Miz-1 accumulates at MYC 
target sites.[8] Additionally, overexpression of the mutant MYCV394D, unable to 
bind to Miz-1 but not impairing MYC/MAX dimerization, in transgenic mice 
resulted in delayed tumor development.[10,11] This indicated the involvement of 
the MYC/Miz-1 interaction in cancer. Through two-hybrid studies Peukert et 
al. identified that Miz-1 contains two MYC interacting domains (MID), MID1 
and MID2, that interact with MYCs HLH domain (Figure 5.1a-b), but not with 
MAX.[12] Structure predictions suggested that the Miz-1 MID2 domain adopts 
an amphipathic α-helix that can interact with the HLH domain of MYC.[12] 

When MYC binds Miz-1, it becomes a repressor (e.g. of the negative cell cycle regulators 
P21Cip1 and P15ink4b) and inhibits cell differentiation. [13–15] The influence of MAX on 
this interplay is not fully understood yet. Whereas several literature reports found 
that a ternary complex between MYC/MAX and Miz-1 can be formed, other reports 
show that Miz-1 and MAX do compete for MYC.[8,12,16,17] In either scenario these 
data point out the MYC/Miz-1 interface as a promising site for therapeutic targeting.

Despite its critical involvement in cancer MYC is difficult to target with classical drugs. 
While there are small molecules developed that prevent MYC/MAX formation,[18,19] 
stabilize MAX/MAX formation,[20] promote MYC degradation[21] or protein-based



162

Drop the Myc

5
Figure 5.1: AlphaFold predicts that a section of 28 residues within MID2 can interact with 

MYCs HLH domain. a) A schematic representation of MYC and its interaction partners MAX and 
Miz-1. MAX and Miz-1 have an overlapping interaction site (Blue). MYC contains a transactivation 
domain (TAD, represented by X), basic region, Helix-Loop-Helix domain (HLH) and a Leucine 
Zipper (LZ) domain. MYC is disordered when not in complex. When interacting with protein partners 
it becomes ordered. b) A schematic representation of Miz-1. Miz-1 contains a Poxvirus and Zinc 
finger (POZ) domain, MYC interacting domain 1 (MID1), 13 zinc fingers and a MID2 domain. c) 
AlphaFold prediction between MID1 and MYC. ipTM = 0.07, pTM = 0.49. d) AlphaFold prediction 
between MID2 and MYC. ipTM = 0.33, pTM = 0.47  e) Sequences of MYC, MID1 and MID2 with 
corresponding coloring scheme for the AlphaFold predictions. Underlined: isolated 28mer, Mizmetic 
WT. f) AlphaFold prediction between Mizmetic WT and MYC. ipTM = 0.5 pTM = 0.59. Miz-1 
(green) binds with its hydrophobic residues in the HLH domain of MYC (red). AlphaFold per-atom 
confident score color codes (pLDDT): Dark blue - Very high (pLDDT > 90), Cyano - Confident (90 
> pLDDT > 70), Yellow - Low (70 > pLDDT > 50), Orange - Very low (pLDDT < 50). All AlphaFold 
predictions were performed with MYC369-454

 and the structures were generated with Pymol.

moieties that inhibit MYC function by blocking the E-box sequence,[7,22–27] no approved 
drugs are available. Moreover, no modalities targeting the MYC/Miz-1 interaction 
have been described and there is no crystal structure elucidated for this complex. 
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Here, we used AlphaFold-Multimer[4] to explore the structural features of the MYC/
Miz-1 interaction and its potential druggability. AlphaFold predicted a region 
of 28amino acids in Miz-1 to bind to the HLH domain of MYC. We synthesized 
the peptide and demonstrated binding to MYC via biolayer interferometry (BLI). 
Alanine scanning and rational chemical modifications with helix stabilizing peptide 
staples guided us to an optimized peptidomimetic (Mizmetic 2) and variants able to 
not only bind to the Miz-1 site but also to disrupt MYC/MAX/DNA binding. Overall, 
our findings show that AlphaFold-Multimer is a powerful platform to analyze IDRs 
and their PPIs with potential for identifying novel druggable sites in challenging 
targets like MYC.

5.2 	 Results and discussion

5.2.1	 AlphaFold predicts MID2 to bind MYC in its HLH domain

The MYC–Miz-1 interaction is difficult to characterize experimentally due to the 
intrinsically disordered nature of MYC. Peukert et al. proposed that Miz-1 engages 
MYC through an amphipathic α-helix within MYC’s HLH domain (Figure 5.1a).[15] 
Bédard et al. further showed that the MID2 region of Miz-1 (Miz-1637-718, 84 amino 
acids) binds more strongly to MYC than MID1 (Miz-1269-308, 42 amino acids).[20] 
However, the precise structural basis of these interactions remains unknown. 

We used AlphaFold-Multimer to model MYC/MID1 (Miz-1269-308, MYC369-454, 
Figure 5.1c&e) and MYC/MID2 complexes (Miz-1637-718, MYC369-454,Figure 5.1d&e). 
AlphaFold did not predict any high-confidence binding mode for MID1 associated 
to MYC (Figure 5.1c, ipTM = 0.07, pTM = 0.49). In contrast, for MID2, AlphaFold 
predicted, with higher confidence (ipTM = 0.33, pTM = 0.47) a 28-residue α-helical 
segment binding in the hydrophobic groove formed by the MYC HLH domain 
(Figure 5.1d). This predicted binding mode aligns well with the hypothesis proposed 
by Peukert et al.[15] Based on these results, we focused subsequent analyses exclusively 
on MID2.

We performed a second AlphaFold prediction between MYC and the highest scoring 
sequence section of MID2 (Miz-1685-712 = Mizmetic WT, MYC369-454, ipTM = 0.5 pTM 
= 0.59, Figure 5.1f). This prediction showed a similar fold between Mizmetic WT and 
MYC with the hydrophobic residues of Mizmetic WT facing towards a hydrophobic 
region in the MYC HLH domain. 

Experimental binding assays confirmed the MYC/MID2 interaction. To experimentally 
validate the binding between the two protein domains, we expressed and purified the 
bHLH-LZ region of MYC (Figure S5.1-6, Table S5.1, MYC369-454). We synthesized 
Mizmetic WT via solid phase peptide synthesis (SPPS) and biotinylated the N-terminus 
(Figure S5.1-6, Table S5.1) for immobilization on the BLI biosensors. BLI indicated 
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Figure 5.2: The incorporation of an i, i+4 staple improves binding of Mizmetic to MYC. a) 
AlphaFold prediction between Mizmetic 1 and MYC353–434. Serine16 and Lys20 are mutated to a cysteine 
allowing the incorporation of an artificial staple within AlphaFold. ipTM = 0.67, pTM = 0.68. b) 
Exemplary stapling reaction. X = β-alanine – Lysin(biotin) linker c) Binding evaluation of Mizmetic 1 
by BLI. d) Structural characterization of Mizmetic WT, 1 and 2 with CD. Mizmetic WT shows mainly a 
random coil, Mizmetic 1 and 2 display a CD spectrum of a partial α-helix without MYC. e) Structural 
characterization of Mizmetic WT, 1 and 2 with CD in complex with MYC. A modest increase in 
α-helicity is observed around 222 nm. Helicities (%) were calculated with BestSEL analysis tool.[42,43] f) 
Binding evaluation of Mizmetic 1, 2 and 3 by BLI. All peptides were screened against 300 nM. Mizmetic 
3 displayed a 50 times decrease in binding compared to Mizmetic 1. g) Binding evaluation of Mizmetic 2 
with BLI. AlphaFold per-atom confident score color codes: Dark blue - Very high (plDDT > 90), Cyano 
- Confident (90 > pLDDT > 70), Yellow - Low (70 > pLDDT > 50), Orange - Very low (pLDDT < 50). All 
AlphaFold predictions were performed with MYC369-454

 and the structures were generated with Pymol.

that this peptide binds to MYC with an observed affinity of 4.6 µM ± 1.3 µM (Figure 
S5.7, Table S5.2), confirming an interaction between the two proteins. However, non-
ideal binding behavior was observed by BLI, eventually caused by aggregation of the 
unstructured MYC domain to the tip when the analyte is bound.[31] We optimized the 
BLI assay conditions, in order to not observe any unspecific binding of MYC to the 
unfunctionalized biosensors. However, for the assays with Biotin-Mizmetic on the 
biosensors, further attempts to optimize the binding behavior, including increasing 
concentrations of blocking reagents or decreasing bound Mizmetic analytes, did not 
improve the shapes of the BLI curves, thereby limiting us in finding the true affinity 
value towards MYC. Keeping this limitation in mind, in the following text we will 
refer to observed Kds and in the following experiments we mainly made relative 
comparisons between the binding affinities rather than referring to absolute values.
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5.2.2	 Stapling of the Miz-1 helix improves binding to MYC

Both prior studies[15,20] and our AlphaFold predictions suggest that the MID2 region 
of Miz-1 adopts an α-helical conformation upon binding to MYC. We therefore 
hypothesized that conformational stabilization through α-helix stapling could 
enhance the structural rigidity of our Mizmetic construct and thereby improve its 
binding affinity for MYC.[28,32–40] Peptide stapling typically involves covalently linking 
two residues one or two helical turns apart (i, i + 4 or i, i + 7, respectively), locking 
the α-helical conformation. To explore optimal stapling positions, we employed 
AlphaFold modeling. Because AlphaFold does not support non-natural modifications, 
we mimicked helix stabilization by introducing two cysteines at positions i and i + 4 
to coordinate a zinc ion. Cysteine – Zinc coordination is found as a helix stabilizing 
element in natural proteins, such as Zinc Fingers.[41] Ser16 and Lys20 were chosen 
as mutation sites, as these residues are located on the solvent-exposed “back” of the 
helix and are not predicted to participate in MYC binding (Figure 5.2a). 

The AlphaFold prediction for the zinc-coordinated mutant showed an even higher 
confidence score compared to the unstapled construct (ipTM = 0.5, pTM = 0.59 
vs. ipTM = 0.67, pTM = 0.68, Figure 5.2a). Based on these results, we synthesized 
Mizmetic 1 with Ser16 and Lys20 replaced by cysteines, followed by thiol–aromatic 
crosslinking using m-bromoxylene to generate a covalent i, i + 4 staple (Figure S5.1-
10, Table S5.1).[44,45] The reaction scheme and final product, Mizmetic 1, are shown 
inFigure 5.2b.

BLI indicated an increase in binding affinity for Mizmetic 1 compared to Mizmetic 
WT  (Figure 5.2c). A full concentration curve displayed an observed Kd of ~ 176 ± 
1 nM by BLI. When compared to Mizmetic WT (observed Kd ~ 4.6 µM ± 1.3 µM), 
this is a 26x improvement in binding, upon incorporation of the staple (Table S5.2). 

Circular Dichroism (CD) spectroscopy was used to asses α-helicity (Figure 5.2d-e). 
Mizmetic WT displayed mainly a pattern that is characteristic for a random coil in 
the absence of MYC (Figure 5.2d, Figure S5.8), whereas Mizmetic 1 showed partial 
α-helicity with minima at 208 nm and 222 nm. BestSEL analysis[37,38] estimated helicity 
at 3.0% for Mizmetic WT and 11.6% for Mizmetic 1 (Figure 5.2d, Figure S5.8). MYC 
alone displayed 4.7% helicity (Figure 5.2e, Figure S5.8). Upon complex formation, 
both Mizmetics showed increased helical content (Figure 5.2e, Figure S5.8).

To further optimize Mizmetic 1 we sought to determine the minimal sequence 
necessary for binding. Therefore, a stepwise truncation study was performed. 
This showcased that four amino acids at the N-terminus could be removed 
(Mizmetic 2, observed Kd ~ 118.6 nM, Figure 5.2f, Table S5.3) whereas an 
additional deletion of four amino acids at the C-terminus resulted in a drop 
in observed affinity according to BLI (Mizmetic 3, observed Kd ~ 6007.4 nM,  
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Figure 5.3: TThe alanine scan highlighted three hotspot and five coldspot positions that are 
important for Mizmetic/MYC interaction. a) All stapled Mizmetic 2 alanine analogues were screened 
against 400 nM MYC. The alanine mutation is highlighted in red. The relative increase/decrease in 
affinity compared to the Kd of Mizmetic 2 are displayed. b) The α-helical wheel of Mizmetic 2 shows 
that the hotspots are facing the same side of the Mizmetic peptide and are flanked by E3, T4 and K8. 
c) On the left and right three hotspots are enlarged (orange) and are interacting in a hydrophobic 
region within the HLH domain. In the middle a potential ionic interaction between MizmeticE21 and 
MYCK392 is enlarged. d) Amplification of the coldspot residues with an affinity of >100% compared to 
Mizmetic 2. In red is the HLH domain of MYC depicted. In light blue the hydrophobic residues within 
the HLH domain. The HLH domain of MYC is portrayed in red with hydrophobic residues highlighted 
in light blue. All experiments with expressed MYC369-454 and the structures were generated with Pymol.
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Figure 5.2f, Table S5.3). A full concentration curve displayed an observed affinity 
of ~76 ± 1 nM for the stapled 24mer Mizmetic 2 according to BLI (Figure 5.2g). 

Similar to Mizmetic 1, CD spectra indicated that Mizmetic 2 adopts a partially 
folded α-helix in the absence of MYC (Figure 5.2d, Figure S5.8). Notably, 
almost 20% of helicity was observed when incubated with MYC (Figure 5.2e, 
Figure S5.8). The formation of a partial α-helix combined with the increase 
in affinity indicate that the staple might promote the correct orientation of the 
interacting residues of Mizmetic 1 and 2 to bind MYC but is unable to promote 
a full α-helix as is observed when MYC and MAX are incubated together.[7,27]

5.2.3	 Alanine scanning showcased three hotspots and five coldspots

We next wanted to assess the influence of each individual amino acid of Mizmetic 
2 by means of an alanine scan. We synthesized 19 alanine mutants (Mizmetic 4-22) 
and measured BLI at a single concentration to compare their relative affinity to 
Mizmetic 2 (Figure 5.3a, Figure S5.9, Table S5.4). For most positions the alanine 
substitution did not influence binding considerably. Alanine mutants for Leu7, 
Ile11 and Val15 significantly weakened binding, indicating the importance of 
these positions for binding to MYC. The helical wheel shows that these residues 
are facing the same side (Figure 5.3b). This observation supports the predicted 
AlphaFold simulation as these three hydrophobic residues were predicted to 
interact deeply within the hydrophobic surface of the HLH domain of MYC 
(Figure 5.3c, orange). Additionally, a 2-fold decrease in affinity was observed 
for E12A (Figure 5.3a). In the AlphaFold predictions this residue was facing 
towards MYC (Figure 5.3c, middle), potentially forming a salt bridge with K392. 

Five alanine mutants displayed slightly increased binding: Glu3, Thr4, Glu5, Lys8 
and Lys13. The α-helical wheel of Mizmetic 2 shows that the hydrophobic surface 
is flanked by Glu3, Thr4 and Lys8 (Figure 5.3b). Whereas Glu3 and Lys13 are 
predicted to face away from MYC, Thr4 and Lys8 are predicted to face towards a 
hydrophobic region (Figure 5.3d). This could explain the increase in affinity 
for T4A and K8A as these positions become more apolar when mutated to an 
alanine. E5A and K8A could potentially form an intramolecular salt-bridge that 
is unfavorable for Mizmetic/MYC binding (Figure 5.3d), resulting in alanine 
mutants with increased affinity. Overall, our alanine scan indicated hotspot 
residues, in good agreement with the AlphaFold prediction and in addition, 
unexpectedly it resulted in the identification of a few variants with increased affinity.  

5.2.4	 Mizmetic alanine analogues can inhibit MYC-MAX-DNA binding

While our Mizmetic compounds bind to the Miz-1 binding site on MYC, we set 
out to explore if these compounds facilitate the inhibition of the most prominent 
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Figure 5.4: Mizmetic alanine analogues can inhibit MYC/MAX and MAX/MAX complex formation. 

a) It is suggested that  Miz-1 and Max compete to bind MYC. We hypothesized that Mizmetics can inhibit 
MYC/MAX complex formation. b) MYC and MAX can be labeled with Fluorescein-5-maleimide without 
interfering with complex formation. c) EMSA essay with labeled MYC (DNA construct: TTC CTC ACG 
TGG CAT TTG GGT GCC ACG TGA GG). MYC/MAX binding can be inhibited by Mizmetic 13, 
16 and 20. d) EMSA assay with labeled DNA (DNA construct: IRD700-ACC CCA CCA CGT GGT 
GCC T). The MYC/MAX/DNA complex can be inhibited by Mizmetic 13, 16, 20 and 21. Mizmetic 13 
and 20 show partial selectivity, whereas Mizmetic 16 shows complete inhibition. e&f) Concentration 
curves with Mizmetics 16 and 20. Competition assay was performed in independent triplicates. 
EMSA displays for Mizmetic 16 (K8A) no selectivity between MYC/MAX or MAX/MAX. Mizmetic 
20 (T4A) displays moderate specificity for MYC over MAX. X = β-alanine + Lysine(biotin) linker. 

cancer driving PPI: the MYC/MAX interaction. It has been proposed that a ternary 
complex forms in which MYC binds both Miz-1 and MAX.[8,12,16] Contrarily, 
it has also been proposed that Miz-1 and MAX compete for MYC interaction 
(Figure 5.4a).[17] Our AlphaFold simulations support the latter hypothesis, 
and therefore we hypothesized that our Mizmetic compounds could inhibit 



169

Chapter 5

5

the MYC/MAX dimer formation and with that their binding to E-Box DNA. 

We used native electrophoretic mobility shift assay (EMSA) to study the potential 
inhibition of the protein-protein-DNA complex. We labeled MYC (MYC_F, Figure 
S5.1-5.6) with Fluorescein-5-maleimide at its C-terminal cysteine (Figure 5.4b). 
EMSA did confirm MYC/MAX/DNA formation (Figure 5.4c lane MYC/MAX and 
Figure S5.10). Subsequently, we incubated MYC_F and Max with either Mizmetic 
WT, 1, 2 as well as with the improved alanine analogues (Mizmetic 13, 16, 19-21, 
Figure 5.4c). While EMSA showed that Mizmetic WT, 1 and 2 did not inhibit MYC/
MAX complex formation, variants 13, 16, and 20 resulted in complete disappearance 
of the MYC/MAX/DNA band, and also variants 19 and 21 show slight inhibition

In order to observe both MYC/MAX and MAX/MAX DNA complexes at the same 
time, we performed EMSAs also with unlabeled proteins and IRD700-labeled E-Box 
DNA. While of similar size, MAX/MAX/DNA and MYC/MAX/DNA caused bands 
at distinguished heights on the gel.  With the hypothesis of Mizmetics binding to 
MYC[12,17] we expected to still see the MAX/MAX band (slightly below MYC/MAX) 
upon MYC/MAX inhibition. In accordance with the previous experiment we did 
not observe MYC/MAX/DNA inhibition for Mizmetic WT, 1 and 2. (Figure 5.4d), 
All alanine analogues, as seen before, displayed inhibition.  For variants 13, 19, 20 
and 21 the MYC/MAX/DNA band was substantially reduced (or even absent in 20), 
while a clear MAX/MAX/DNA band was visible. For Mizmetic 16 no protein/DNA 
complex was observed at all, potentially indicating some degree of unspecific binding. 

To further investigate the specificity of the selected variants, we measured full DNA 
binding curves with inhibitor added to either MYC/MAX or MAX/MAX. For the 
visualization and quantification of the bands in the EMSA gels we used either labeled 
MYC (for MYC/MAX) or labeled MAX (MAX_F, Figure S5.1-5.6, for MAX/MAX) 
(Figure 5.4e-f, Figures S5.11-5.13). In accordance with the single point EMSA, 
Mizmetic 16 had no preference for MYC over MAX, displaying IC50s of ~3 µM and ~2 µM, 
respectively. Mizmetic 20 inhibited MYC/MAX with an IC50 of 560 nM, 4-fold more 
potent than it’s inhibitory activity measured for the MAX/MAX complex (Figure 5.4e-f).

After the observation that Mizmetic 16 and 20 also inhibited MAX/MAX/DNA we 
tested direct binding to MAX with BLI (Figure S5.14). However, no direct binding to 
MAX was observed at a similar concentration as MYC. MAX hypothetically exists as 
a dimer in solution and thus would block the binding site of both Mizmetics thereby 
preventing binding. Based on these data, we cannot fully explain what causes the 
unspecific binding in the EMSA competition assays. 

5.3	 Conclusion

Intrinsically disordered proteins (IDPs) remain one of the most elusive classes of 
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drug targets, yet their disorder often conceals well-defined structures that emerge 
upon binding in protein-protein complexes. Using AlphaFold-Multimer, we 
characterized the MYC/Miz-1 interaction, revealing a defined α-helical interface 
within Miz-1 MID2 that overlaps with the canonical MYC/MAX dimerization 
site. Guided by this model, we designed and optimized stapled Miz-1–derived 
peptidomimetics,improving binding affinity from micromolar to low-nanomolar 
potency. Alanine scanning validated AlphaFold’s predicted hotspots and revealed 
substitutions that further enhanced activity. Notably, select variants disrupted 
MYC/MAX/DNA binding with submicromolar potency, highlighting a novel 
mode of intervention against a transcription factor long considered “undruggable.” 
While our work remains at a proof-of-concept stage, it establishes a strategy for 
targeting transient but structurally precise IDP interfaces, offering a promising 
foothold for future therapeutic development against MYC-driven cancers.
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5.5 	 Experimental

H2O used in the experiments was Mili-Q water obtained from Milli-Q® Reference 
bought at Avantor and will from this point on be mentioned as H2O.

5.5.1 	 Synthesis procedures

5.5.1.1 	Automated Solid phase peptide synthesis (SPPS) – general protocol

Peptides were prepared using a Syro I XP synthesizer on a Chemmatrix rink amide 
resin at a 41 µmol, 20 µmol or 10 µmol scale. The same equivalents were utilized for 
all scales. Resin was always swollen in 1000 µL DMF for 10 min at 70 °C prior to the 
synthesis.

General 41 µmol SPPS protocol: Amino acids were dissolved to a concentration of 
0.4 M in DMF and HATU to 0.36 M in DMF. For each coupling, amino acid solution 
(7.8 eq., 800 µL), HATU solution (7.0 eq., 800 µL for) and pure DIPEA (28.0 eq., 200 
µL) were added to the resin (100 mg, loading capacity of 0.41 mmol/g). Coupling 
reactions were performed at 70 °C for 8 minutes, followed by washes with DMF (3x 
1500 µL).  Fmoc removal was performed with 20%:1%:79% = piperidine:Formic 
acid:DMF (1500 µL, 4 minutes, 70 °C) followed by washes with DMF (3x 1500 µL).

Fmoc-β-Alanine-OH coupling 41 µmol: For Fmoc-β-Alanine-OH coupling different 
conditions were performed. Fmoc-β-Alanine-OH was dissolved to a concentration 
of 0.25 M in DMF and HATU to 0.36 M in DMF. For each coupling, amino acid 
solution (4.9 eq., 800 µL), HATU solution (3.5 eq., 400 µL), pure DIPEA (14 eq., 100 
µL) and DMF (500 µL) were added to the resin (100 mg, loading capacity of 0.41 
mmol/g). Coupling reactions were performed at 70 °C for 15 minutes, followed by 
washes with DMF (3x 2000 µL). Fmoc removal was performed with 20%:1%:79% = 
piperidine:Formic acid:DMF (1800 µL, 7 minutes, 70 °C) followed by washes with 
DMF (3x 2000 µL).

General 20 µmol SPPS protocol (for 10 µmol 0.5x): Amino acids were dissolved to 
a concentration of 0.4 M in DMF and HATU to 0.36 M in DMF. For each coupling, 
amino acid solution (7.8 eq., 400 µL), HATU solution (7.0 eq., 400 µL), pure DIPEA 
(28.0 eq., 100 µL ) and DMF (100 µL) were added to the resin (50 mg, loading capacity 
of 0.41 mmol/g). Coupling reactions were performed at 70 °C for 8 minutes, followed 
by washes with DMF (3x 1000 µL). Fmoc removal was performed with 20%:1%:79% 
= piperidine:Formic acid:DMF (1 mL, 4 minutes, 70 °C) followed by washes with 
DMF (3x 1000 µL).

Fmoc-β-Alanine-OH coupling 20 µmol scale (for 10 µmol 0.5x): For Fmoc-β-
Alanine-OH coupling different conditions were performed. Fmoc-β-Alanine-OH 
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was dissolved to a concentration of 0.25 M in DMF and HATU to 0.36 M in DMF. 
For each coupling, amino acid solution (4.8 eq., 400 µL), HATU solution (3.5 eq., 
200 µL), pure DIPEA (14.0 eq., 50 µL ) and DMF (500 µL) were added to the resin 
(50 mg, loading capacity of 0.41 mmol/g). Coupling reactions were performed at 70 
°C for 30 minutes, followed by washes with DMF (3x 2000 µL). Fmoc removal was 
performed with 20%:1%:79% = piperidine:Formic acid:DMF (1000 µL, 7 minutes, 70 
°C) followed by washes with DMF (3x 2000 µL).

The final crude peptidyl resin was manually washed 3x with DMF followed by 3x 
DCM, dried by vacuum and either directly cleaved or stored at -20 °C.

5.5.1.2 	Fmoc-Lys(biotin)-OH coupling protocol – general protocol

Fmoc-Lys(biotin) was coupled manually either as first building block for C-terminal 
incorporation or as last building block for N-terminal incorporation. Fmoc-
Lys(biotin)-OH coupling was performed on a 10 µmol scale. Fmoc-Lys(Biotin)-
OH (21.2 mg, 35.6 µmol, 3.5 eq.) and DIPEA (21.5 µL, 123.2 µmol, 12.3 eq.) were 
pre-incubated in 1000 µL DMF. To the mixture 1000 µL HATU solution in DMF 
(12.3 mg,  32.3 µmol, 2.9 eq.) was added and incubated for 1 min. Then, the full 
preactivated mixture was added to the peptidyl resin (10 µmol, 1eq.) and incubated 
at room temperature (RT) for 1 hour while shaking at 750 rpm. The resin was drained 
and washed with DMF (3x 1000 µL). Then, Fmoc removal cocktail 20%:1%:79% = 
piperidine:Formic acid:DMF, 1.5 mL) was added to the peptidyl resin and incubated 
at RT for 20 minutes while shaking at 750 rpm. The peptidyl resin was washed 3x 
with 1000 DMF. 

5.5.1.3 	Acetylation – general protocol

Dry peptidyl resin was swollen in DMF for 10 minutes prior to the addition of 
acetylation cocktail (10%:10%:80% = Ac2O:DIPEA:DMF, 1.5 mL). The peptidyl resin 
was incubated in cocktail while shaking for 15 minutes at RT, drained under vacuum, 
washed with DMF (3x mL) and DCM (3x mL) and subsequently dried under vacuum. 
If not cleaved directly, peptidyl resin was stored at -20 °C.

5.5.1.4 	Full cleavage – general protocol

Dry peptidyl resin was cleaved for 2 hours with 2 mL of the following cleavage 
cocktail: 92.5%:5%:2.5% = TFA:H2O:TIPS. Then, cleavage cocktail was evaporated 
under a gentle nitrogen stream (to < 0.5 mL). To the peptide ice cold diethyl ether (~5 
mL) was added and peptide was obtained by centrifugation for 5 minutes at 10.000 
rpm. Crude peptide pellet was dissolved in 10%:0.1%:89.9% = MeCN:TFA:H2O and 
lyophilized.
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5.5.1.5 	Purification – general protocol

All Mizmetic compounds were purified on a Biotage® Selekt Flash Purification System 
equipped with a Biotage® Sfär C18 D - Duo 25 g column using UV detection at 214 
nm. The following gradient was used: 15% solvent B over 2 column volumes (CV), 
15% to 55% solvent B over 10 CV, 55% to 98% solvent B over 0 CV, 98% solvent B 
over 4 CV with H2O with 0.1% TFA as Solvent A and MeCN with 0.1%TFA as Solvent 
B. Fractions were analyzed by LC-MS.

5.5.1.6 	Cysteine i, i+4 stapling with 1,3-bis(bromomethyl)benzene – general 
protocol

Lyophilized Mizmetic 1-22 (1 eq., 10 mM) and 1,3-bis(bromomethyl)benzene (1 
eq., 10 mM) were dissolved in 80% NH4HCO3 buffer (100 mM, pH = 8) containing 
20% MeCN and let to react for 30 minutes at RT. The reaction was stopped by flash 
freezing in liquid nitrogen followed by lyophilization or, alternatively, the mixture 
was directly purified according to the general purification protocol.

5.5.1.7 	LC-MS

LC-MS spectra were obtained with a Shimazu LCMS-2020 system (Method A) 
equipped with a Kinetex® 2.6μm XB-C18 100 Å LC Column (50 x 3 mm) and UV 
detector set to 214 nM. High resolution LC-MS spectra were obtained with a Sciex 
X500b QTOF ESI-QToF mass spectrometer coupled to a Shimadzu Nexera UHPLC 
LC40DX3 (Method B) equipped with a Phenomenex Synergi™ 4 µm Fusion-RP 80 Å 
LC Column (50 x 2 mm) or Aeris™ 3.6 µm Widepore XB-C18 set to 214 nM. For both 
Method A and Method B the solvent phases used were solvent A (0.1% formic acid in 
water) and solvent B (0.1% formic acid in MeCN). 

Method A: 

Column: Kinetex® 2.6μm XB-C18 100 Å LC Column (50 x 3 mm) UV detector: 214 
nm. 

LC Method: 0% solvent B for 1 min, 0% to 70% solvent B over 10 min 70% solvent B 
over 1.5 min, 70% to 0% solvent B over 4.5, flowrate 0.55 mL/min.

Method B (High resolution):

Column: Phenomenex Synergi™ 4 µm Fusion-RP 80 Å LC Column (50 x 2 mm) or 
Aeris™ 3.6 µm Widepore XB-C18.

LC Method: 0% solvent B for 1 min, 0% to 90% solvent B over 6 min, 90% solvent B 
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over 2 min, 90% to 0% solvent B over 0.5 min, 0% solvent B over 1.5 min, flowrate 
0.5 mL/min. 

MS parameters: General parameters: Method duration: 5 min; Total scan time: 0.276 
sec; Estimated cycles: 1086; Intact protein mode: False; Decrease detector voltage: 
False; Large protein (>70 kDa): False; Ion Source: Source name: TurbolonSpray; 
Curtain gas: 35 psi; Ion source gas 1: 60 psi; Ion source gas 2: 60 psi; Temperature: 500 
˚C; Experiment: Scan type: TOF MS; Polarity: Positive; Spray voltage: 5500 V; CAD 
gas: 7; Time bins to sum: 4; Channel 1-4: True; TOF start mass: 350 Da; TOF stop 
mass 1500 Da; Accumulation time: 0.25; Declustering potential: 80V; Declustering 
potential spread: 0 V; Collision energy: 10V; Collision energy spread: 0 V; Override 
Qjet RF value: False

5.5.2 	 Protein synthesis with LCMS spectra

5.5.2.1	 Fluorescent labeling of MYC (MYC_F)

Dulbecco’s Phosphate buffered saline (DPBS, pH = 6.75) was degassed using a gentle 
nitrogen stream for 15 minutes. MYC (2.28 mg, 143.7 nmol, 1 eq.) was dissolved 
in H2O (228 µL, 10 mg/mL). A 10 mg/mL stock solution of N-(5-Fluoresceinyl)
maleimide in DMSO was prepared. The complete MYC solution, was mixed with 
6.14 µL of N-(5-Fluoresceinyl)maleimide stock (0.06 mg, 143.7 nmol, 1 eq.) and 
905.9 µL degassed buffer resulting in a final concentration of 2 mg/mL of MYC and 
0.05 mg/mL N-(5-Fluoresceinyl)maleimide. The reaction was quenched by flash 
freezing in liquid nitrogen followed by lyophilization after 15 minutes and purified 
on a Biotage® Selekt Flash Purification System equipped with a Biotage® Sfär C18 D 
- Duo 25g column using UV detection at 214 nm with H2O + 0.1% TFA (Buffer A) 
and MeCN+0.1% TFA (Buffer B). The following gradient was used: 0% buffer B for 2 
CV, 0% to 80% buffer B over 11.4 CV, 95% Buffer B for 2 CV. The combined fractions 
containing the protein were lyophilized, yielding the protein as TFA salt. Yield: 1.47 
mg, 72.5 nmol, 50%

5 10 15

MYC_F LC

Time (min)
0 500 1000 1500 2000 2500

MYC_F MS

m/z

UV LC-MS trace of MYC_F. LC-MS trace was obtained with Method A. 
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5.5.2.2 	Fluorescent labeling of His-tagged MAX (MAX_F)

DPBS (pH = 6.75) was degassed using a gentle nitrogen stream for 15 minutes. MAX 
(7.97 mg, 524.2 nmol, 1 eq., MAX) was dissolved in H2O (797 µL, 10 mg/mL). A 
10 mg/mL stock solution of N-(5-Fluoresceinyl)maleimide in DMSO was prepared. 
MAX, was mixed with 22.4 µL of N-(5-Fluoresceinyl)maleimide stock (0.22 mg, 
524.2 nmol, 1 eq.) and 3165.5 µL degassed buffer resulting in final concentration 
of 2 mg/mL of MAX and 0.06 mg/mL N-(5-Fluoresceinyl)maleimide. The reaction 
was quenched by flash freezing in liquid nitrogen followed by lyophilization after 30 
minutes and purified on a Biotage® Selekt Flash Purification System equipped with 
a Biotage® Sfär C18 D - Duo 25 g column using UV detection at 214 nm with H2O + 
0.1% TFA (Buffer A) and MeCN+0.1% TFA (Buffer B). The following gradient was 
performed: 0% buffer B for 3 CV, 0% to 30% buffer B over 4.3 CV, 30% to 70% buffer 
B over 5.7 CV, 95% Buffer B for 2 CV. The combined fractions containing the protein 
were lyophilized, yielding the protein as TFA salt. Yield: 3.64 mg, 220 nmol, 67%

5 10 15

MAX_F LC

Time (min)
0 500 1000 1500 2000 2500

MAX_F MS

m/z

UV LC-MS trace of MYC_F. LC-MS trace was obtained with Method A. 

5.5.2.3 	Mizmetic peptides

All Mizmetic peptides were synthesized according to the protocols described in 
Supplemental info 2.1 -2.6. Yields can be found in section 5.1 and LC-MS traces can 
be found in section 7.1. All Mizmetic peptides were stored as a 1 mM solution in pure 
DMSO.
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5.5.3. 	 Biochemistry

5.5.3.1. 	Overview of buffers used

MYC Bacterial cell lysis 
buffer

20mM HEPES, pH 8, 0.5  M NaCl, 3mM MgCl2, 0.05% 
DNAse, complete EDTA free protease inhibitor (1 tablet 
freshly added in 50 mL buffer)

MAX Bacterial cell lysis 
buffer

20  mM Tris-HCl, pH 8, 0.5  M NaCl, 3mM MgCl2, 0.05% 
DNAse, complete EDTA free protease inhibitor (1 tablet 
freshly added in 50 mL buffer)

MYC extraction buffer 20 mM HEPES, 6M Gdn HCl, 0.5 M NaCl, 10 mM imidazole, 
pH = 8

MYC affinity wash buffer 20 mM HEPES, 6M urea, 0.5 M NaCl, 10 mM imidazole, pH 
= 8

MYC affinity elution buffer 20 mM HEPES, 6M urea, 0.5 M NaCl, 500 mM imidazole, 
pH = 8

MAX affinity wash buffer 20 mM Tris-HCl, 0.5 M NaCl, 10mM imidazole, pH = 8
MAX affinity elution buffer 20 mM Tris-HCl, 0.5 M NaCl, 500mM imidazole, pH = 8
EMSA loading buffer 20 mM HEPES, 100 mM NaCl, 5% glycerol, 1 mM EDTA, 20 

mM MgCl2, 1 mM DTT and 0.02% Tween-20, pH = 7
EMSA running buffer 25 mM Tris-HCl, 192 mM Glycine, pH = 8.3
BLI kinetic buffer 10 mM HEPES, 50 mM NaCl, 0.02% Tween-20, 0.1% BSA, 

pH = 7.4

5.5.3.2. 	Expression of MYC and MAX in E.Coli

Performed as described elsewhere.[1] pET-30 plasmid with His-tagged MYC369-

454 (Uniprot entry P01106)  or His-tagged MAX were transformed into competent 
ArcticXpress DE3 RIL cells (Agilent) according to suppliers manual. All LB medium 
used was supplemented with kanamycin and gentamycin. Single colonies were 
cultured overnight at 37 °C and 200 rpm in 100 mL LB medium. Overnight culture 
was evenly distributed over 3x2L erlenmeyer flasks (total volume 6L) and allowed 
to reach an OD of 0.8 at 37 °C and 200 rpm. Then, temperature was cooled down to 
14 °C before 100 µM IPTG was administered. After 18 hours, cells were harvested 
by centrifugation at 4 °C and 5000g for 12 minutes. Then, cell pellet was lysed with 
pressure lysis and lysis buffer (see overview of buffers 5.1). Lastly, cell debris, when 
MYC was expressed including inclusion bodies, was separated from supernatant by 
centrifugation at 4 °C and 50.000g for 45 minutes.

5.5.3.3. 	Purification of His-tagged MAX (MAX)

The supernatant after ultracentrifugation was purified using an ÄKTA start protein 
purification system attached to a 5 mL HisTrap HP His-tag protein purification column 
(Cytiva). Unbound protein was allowed to flow through at 100% wash buffer (see 
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Supplementary 5.1) before MAX was eluted with elution buffer (see Supplementary 
5.1) over 40-50 CV. Pure fractions were analyzed by LC-MS method B.

5.5.3.4. 	Purification of His-tagged MYC (MYC) from inclusion bodies

The ultracentifuge pellet was first washed with 2M urea in Buffer A (500 mM NaCl, 
20 mM HEPES, 10 mM imidazole, pH=8), then 1% Triton x-100 in buffer A and 
lastly with 1M NaCl in Buffer A following an extraction in 40 mL of extraction buffer 
(6M Gdn HCl, 500 mM NaCl, 20 mM HEPES, 10 mM imidazole, pH=8) and left 
overnight at 4   ͦC while rotating. The mixture was then centrifuged for 30 min at 
10.000g and the supernatant was collected and stored at 4 °C for later use. The pellet 
was then again incubated in 15 mL of extraction buffer and stirred for 16h at RT 
followed by centrifugation for 30 min at 10.000g. The supernatant was collected 
and combined with the previously obtained supernatant. Next, the supernatant was 
loaded onto an Äkta pure purification system equipped with a 5 mL HisTrap HP His-
tag protein purification column (Cytiva) that was primed with the extraction buffer 
with 4 mL/min. The system was subsequently washed with 20 mL of buffer A (20 mM 
HEPES, 6M urea, 500 mM NaCl, 10 mM imidazole, pH = 8) followed by a gradient 
of 10-250mM imidazole Buffer B (20 mM HEPES, 6M urea, 500 mM NaCl, 500 mM 
imidazole, pH = 8) over 30 CV. The system was then washed with 20 mL of 500mM 
imidazole Buffer B. All fractions where stored at -80 °C when not directly used and 
analyzed by SDS-PAGE and LC-MS.

5.5.3.5. 	Protocol for buffer exchange His-MAX (MAX)

Pure fractions were incubated with 0.5-1 mM TCEP for 1 hour before buffer exchange 
was performed with a Biotage® Selekt Flash Purification System attached to a Biotage® 
Sfär C18 D - Duo 25g or 50g column using UV detection at 214 nm. A stepwise 
gradient was performed with 100% H2O (with 0.1% TFA) to 50% in MeCN (with 
0.1% TFA), to 100% MeCN (with 0.1% TFA). Fractions were analyzed with LC-MS, 
combined and lyophilized yielding His-MAX as TFA salt. 

5.5.3.6. 	Protocol for buffer exchange His-MYC (MYC)

Pure fractions were combined and buffer exchange was performed using reverse 
phase chromatography using a Biotage Selekt attached to a Biotage® Sfär Bio C18 D 
Duo 300 Å 20 µm 50g column using UV detection at 214 nm with H2O +0.1% TFA 
(solvent A) and MeCN+0.1% TFA (Solvent B). The following gradient was performed: 
0%B for 5CV, then 50%B for 4CV, then 100%B for 3 CV. Fractions were analyzed with 
LC-MS, combined and lyophilized. An unknown post translational modification 
was observed for MYC with an extra mass of +75. MYC was incubated with 100 eq. 
TCEP in H2O for 2 hours at RT and buffer exchange was performed using the same 
protocol.  The combined fractions containing the protein were lyophilized, yielding 
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the His-tagged protein as TFA salt.

5.5.3.7. 	General protocol for SDS-PAGE

Fractions from protein purification were 10-1000x diluted and mixed with 4x 
Laemmli buffer with β-mercaptoethanol. Samples were incubated 5 minutes for 95 
°C, loaded on a 12.5% acrylamide gel (prepared with acrylamide 37.5:1 acrylamide/
Bis) and ran for 45 minutes at 200 V at RT. Then, gel was stained with Coomassie blue 
for 1h or overnight and 3x destained for at least 15 minutes with refreshed destaining 
solution (50% MeOH, 40 % H2O, 10% AcOH). Gels were analyzed with a Bio-Rad 
ChemiDoc MP machine.

5.5.3.8 	Biolayer interferometry (BLI)

All Mizmetic compounds where directly diluted from their stock solution to 50 nM 
solution in kinetic buffer (10 mM HEPES, 50 mM NaCl, 0.02% Tween-20, 0.1% BSA, 
pH = 7.4) and screened against MYC in kinetic buffer. For a concentration curve 
MYC was stepwise diluted in kinetic buffer. To obtain an affinity for Mizmetic WT, 
the average of three separate measurements was calculated, screened against 5 µM 
MYC and the background removed. The following protocol was performed for a 
standard BLI assay: 

The streptadavin coated tips where first soaked in kinetic buffer for at least 10 minutes, 
while the 96 well plate was shaking at 1000 rpm and 37 °C. The following steps were 
performed: baseline step (1 min), Mizmetic loading step (3 min), washing step (1 
min), additional separate washing step (1 min), association step (5 min), dissociation 
step (5 min). All steps where performed at 37 °C while shaking at 1000 rpm. After 
measurement, the background measurement performed was without peptides loaded 
on the tips against the same MYC concentration and these background traces were 
subtracted. Fitting and kinetic Kds calculations were performed with the provided 
Sartorius Octed software. An Sartorius Octet R4 was used for the assay. The graph 
was plotted using GraphPad Prism 10.1.0.

5.5.3.9 	Circular Dichroism (CD)

Lyophilized Mizmetic peptides were dissolved to 50 µM (Mizmetic 1C and 2) or 100 
µM (Mizmetic WT)  in 200 µL Tris acetate buffer (10 mM Tris acetate, 50 mM NaCl, 
pH = 7.4) and measured with a Jasco J-815 machine. Samples were measured in a 
High Precision Cell quartz cuvette (Hellma Analytics) with 1 mm Pathlength at 37 
°C. Then, 10 µM of MYC was added to the same sample. Mizmetic and MYC were 
incubated in the machine for 10 minutes at 37 °C before measurement. The following 
CD parameters were utilized: start 260 nm, end 200 nm, Sensitivity standard, D.I.T. 
1 sec., Data pitch 1 nm, scanning mode continuous, scanning speed 100 nm/min, 
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accumulations 5. The background was removed for all spectra. Spectra with MYC 
and Mizmetics were normalized twice, first for Mizmetic, second for MYC. The 
average values were used to portray the CD spectra. % helicity was calculated using 
the BestSEL software tool. [2,3] To calculate % helicity for Mizmetics together with 
MYC helicity was calculated normalized to both Mizmetic and MYC. The average 
value is reported. Spectra’s were normalized according to the following formula:[4] 

With θ in deg*cm2*dmol-1, θobs in mdeg, concentration (c) in mM, peptide bonds 
(n) and path length of cuvette in cm. The graph was plotted using GraphPad Prism 
10.1.0.

5.5.3.10 Truncation comparison of Mizmetics

The general BLI protocol was performed, screened against 300 nM MYC. After 
subtraction of the background, the Kd was calculated and the Kd compared to 
Mizmetic 1. The graph was plotted using GraphPad Prism 10.1.0.

5.5.3.11 Alanine scan comparison of Mizmetics

For the alanine scan the general BLI protocol was performed, screened against 
400 nM MYC. After subtraction of the background, the Kd was calculated and the 
relative Kd compared to Mizmetic 2 in the same assay was plotted in a barplot using 
GraphPad Prism 10.1.0. Following formula was used to calculate relative Kd.

5.5.3.12 General protocol for competition assay with labeled DNA

5x 7.5% native gels were prepared using 7.5 mL 30% Acrylamide/Bis solution (19:1 
with 5% crosslinker), 7.5 mL 1.5M Tris pH = 8.8, 15 mL H2O, 30 µL TEMED and 
150 µL 10% APS. Mizmetic peptides were diluted to 40 µM in 1x loading buffer (20 
mM HEPES, 100 mM NaCl, 5% glycerol, pH = 7, 20 mM MgCl2, 1 mM DTT, 0.02% 
Tween-20, see Supplemental 5.1), MYC/MAX were separately diluted to 60 nM in 1x 
loading buffer. Labelled DNA construct (IRD700-ACC CCA CCA CGT GGT GCC 
T) was first incubated at 95 °C for 5 min, cooled down and diluted to 16 nM (4x) in 
1x loading buffer. Next, 5 µL of 4x Mizmetic was incubated while shaking at RT with 
5 µL of 4x MYC. MYC was also in a separate lane incubated with 200 µM 10058-F4, 
a known MYC/MAX inhibitor.[5] After 1h, 5 µL of 4x MAX and 5 µL labeled DNA 
construct were added to each well resulting in the following concentrations: Mizmetic 
10 µM, MYC 15 nM, MAX 15 nM, DNA 4 nM, DMSO 1%. Lanes always contained 
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≤1% DMSO. This solution was incubated  for 5 min at RT while shaking followed by 
placement on ice while loading 12.5 µL onto the gel which was pre-run before for 1h 
at 100V at 4 °C in 1x running buffer (25 mM Tris-HCl, 192 mM Glycine, pH = 8.3). 
Samples ran for 80 minutes at 75V at 4 °C. Gels were rinsed with demi water and 
DNA was visualized with Bio-Rad ChemiDoc MP machine. 

5.5.3.13 General protocol for competition assay with labeled MYC (MYC_F) or 
MAX (MAX_F)

The standard protocol described in 4.13 was followed. For MYC labeled gels, MYC_F 
and MAX were separately diluted to 60 nM in 1x loading buffer. For MAX labeled 
gels, MAX_F was diluted to 120 nM in 1x loading buffer. The following unlabeled 
DNA hairpin construct was used: TTC CTC ACG TGG CAT TTG GGT GCC 
ACG TGA GG. MYC_F or MAX_F was visualize with a Bio-Rad ChemiDoc MP 
machine. Next, gels were incubated with SYBR Gold (1:50.000 in running buffer) for 
5-40 minutes and again visualized with the Bio-Rad ChemiDoc MP machine. Lanes 
always contained ≤1% DMSO.

For a concentration curve, the Mizmetic peptide was first stepwise diluted in DMSO 
followed by a further dilution in loading buffer (20 mM HEPES, 100 mM NaCl, 5% 
glycerol, pH = 7, 20 mM MgCl2, 1 mM DTT, 0.02% Tween-20) to a 4x concentration. 
The assay was performed with following final concentrations: Mizmetic 10-0.1 µM, 
MYC_F 15 nM, MAX 15 nM, DNA 40 nM or Mizmetic 10-0.1 µM, MAX_F 30 nM, 
DNA 40 nM.  Gels were quantified with ImageJ 1.54f. For MYC gels the intensity of 
free MYC was removed from each lane. IC50 was calculated using GraphPad Prism 
10.1.0 with the Nonlinear Regression One site – Fit logIC50 analysis. All concentration 
curves were performed in at least duplicates.
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5.5.4 	 AlphaFold-Multimer inputs

MID1-MYC

MID1: EESAGTDSGQELGSEARGLRSGTYGDRTESKAYGSVIHKC

MYC: GHMNVKRRTHNVLERQRRNELKRSFFALRDQIPELENNEKAPKVVILK-
KATAYILSVQAEEQKLISEEDLLRKRREQLKHKLEQLGGC

MID2-MYC

MID2: HQGKAGIKILEPEEGSEVSVVTVDDMVTLATEALAATAVTQLTVVPV-
GAAVTADETEVLKAEISKAVKQVQEEDPNTHILYA

MYC: GHMNVKRRTHNVLERQRRNELKRSFFALRDQIPELENNEKAPKVVILK-
KATAYILSVQAEEQKLISEEDLLRKRREQLKHKLEQLGGC

Mizmetic WT - MYC

Mizmetic 
WT: 

AAVTADETEVLKAEISKAVKQVQEEDPN

MYC: GHMNVKRRTHNVLERQRRNELKRSFFALRDQIPELENNEKAPKVVILK-
KATAYILSVQAEEQKLISEEDLLRKRREQLKHKLEQLGGC

Mizmetic Zinc mutant - MYC

Mizmetic: AAVTADETEVLKAEICKAVCQVQEEDPN

MYC: GHMNVKRRTHNVLERQRRNELKRSFFALRDQIPELENNEKAPKVVILK-
KATAYILSVQAEEQKLISEEDLLRKRREQLKHKLEQLGG

Ion Zinc
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5.5.5 	 Supporting Tables

Supporting table 5.1: All compounds with corresponding sequence, stapling, calculated mass, found 
mass and yield. Yield is reported over peptide synthesis and stapling.
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Supporting table 5.1: All compounds with corresponding sequence, stapling, calculated mass, found 
mass and yield. Yield is reported over peptide synthesis and stapling.
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Supporting table 5.2: Observed affinities according to BLI for Mizmetic WT and Mizmetic 1 
analogues. 

Mizmetic # Kd (µM) Kd (nM) Times difference 
compared to WT

WT 4.599 4599.2 1
1 0.176 176 26

Supporting table 5.3: Observed affinities according to BLI for Mizmetic 1 and truncated peptides. 
Percentages where calculated by dividing the affinity by the affinity of Mizmetic 1. 

Mizmetic # Kd (nM) Times difference 
compared to WT

1 119.8 1
2 118.6 1
3 6007.4 50

Supporting table 5.4 Observed affinities according to BLI for all Mizmetic 2 analogues compared to 
Mizmetic 2.

Mizmetic # Kd (nM) Relative Kd (%)
2 115.56 100%
4 118.72 97%
5 134.58 86%
6 159.91 72%
7 233.12 50%
8 167.29 69%
9 131.59 88%

10 184.54 63%
11 121.60 95%
12 529.56 22%
13 98.29 118%
14 1075.83 11%
15 161.49 72%
16 108.00 107%
17 38182.51 0%
18 146.00 79%
19 109.64 105%
20 99.49 116%
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Supporting table 5.4 Observed affinities according to BLI for all Mizmetic 2 analogues compared to 
Mizmetic 2.

Mizmetic # Kd (nM) Relative Kd (%)
21 77.25 150%
22 171.03 68%

5.5.6 Supporting Figures

Figure S5.1: LC-MS traces of Mizmetic WT and 1-3. LC-MS traces were obtained with Method B. 
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Figure S5.2: LC-MS traces of Mizmetic 4-8. LC-MS traces were obtained with Method B. 
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Figure S5.3: LC-MS traces of Mizmetic 9-13. LC-MS traces were obtained with Method B. 
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Figure S5.4: LC-MS traces of Mizmetic 14-18. LC-MS traces were obtained with Method B. 
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Figure S5.5 LC-MS traces of Mizmetic 19-22, Myc and Myc-F. LC-MS traces were obtained with Method B. 
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Figure S5.6 LC-MS traces of MAX, Max-F and the blanco measured at the same day as MYC, MYC_F, 

MAX_F, Mizmetic 3. LC-MS traces were obtained with Method B. 
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Figure S5.7: BLI curves show that Mizmetics have affinity towards MYC. Mizmetic WT displays 
an affinity of 4.6 µM ± 1.3 µM according to three independent BLI curves screened against 5 µM MYC. 

Figure S5.8: All Mizmetics display a partial α-helix with or without the presence of MYC. a) CD 
spectrum of MYC without a Mizmetic. b) CD spectrum of Mizmetic WT with or without MYC. c) CD 
spectrum of Mizmetic 1 with or without MYC. d) CD spectrum of Mizmetic 2 with or without MYC. 
Lyophilized Mizmetics were diluted to 50 µM in 200 µL Tris acetate buffer (10 mM Tris acetate, 50 mM 
NaCl, pH = 7.4) with a Jasco J-815 at 37 °C. After the initial measurement, 10 µM MYC was added 
to the same cuvette and the cuvette was incubated for 10 minutes inside the machine at 37 °C before 
measurement. 
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Figure S5.9: BLI curves display that Mizmetic 12, 14 and 17 have a decreased affi  nity 

towards MYC. Mizmetic 13, 16, 19-21 have increased affi  nity towards MYC. a) Comparison 
between affi  nities of alanine analogues of Mizmetic 2 compared to Mizmetic 2. b) BLI curves 
belonging to Mizmetic 2 and 4-7. c) BLI curves belonging to Mizmetic 2 and 8-11. d) BLI curves 
belonging to Mizmetic 2 and 12-15. e) BLI curves belonging to Mizmetic 2 and 16-19. f) BLI 
curves belonging to Mizmetic 2 and 20-22. All Mizmetics were screened against 400 nM of MYC.
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DNA. 
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Figure S5.11: a) Concentration curve against MYC_F and MAX. An IC50 of 3.08 µM ± 1.94 µM 
was observed. b) Concentration curve against MYC_F and MAX. An IC50 of 1.94 µM ± 0.71 µM was 
observed. Mizmetics were stepwise diluted to 4x 10-0.003 µM in DMSO prior to incubation with 4x 
MYC_F (60 nM) in kinetic buffer. The mixture was incubated at RT for 1h followed by the addition of 
4x MAX (60 nM) and 4x DNA (160 nM). The mixtures were incubated for 5 minutes and placed on ice 
while loading 12.5 µL on gel. Final concentrations Mizmetics (10-0.003 µM), MYC_F and MAX (both 
15 nM), DNA (40 nM). Gels ran for 80 min at 75V at 4 °C and were imaged, followed by 15-40 min 
SYBR gold incubation to visualize DNA.
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Figure S5.12: a) Concentration curve against MYC_F and MAX. An IC50 of 0.56 µM ± 0.22 µM 

was observed. b) Concentration curve against MYC_F and MAX. An IC50 of 2.25 µM ± 1.93 µM was 
observed. Mizmetics were stepwise diluted to 4x 10-0.003 µM in DMSO prior to incubation with 4x 
MYC_F (60 nM). The mixture was incubated at RT for 1h followed by the addition of 4x MAX (60 nM) 
and 4x DNA (160 nM). The mixtures were incubated for 5 minutes and placed on ice while loading 12.5 
µL on gel. Final concentrations Mizmetics (10-0.003 µM), MYC_F and MAX (both 15 nM), DNA (40 
nM). Gels ran for 80 min at 75V at 4 °C and were imaged, followed by 15-40 min SYBR gold incubation 
to visualize DNA.
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Figure S5.13: Mizmetic alanine analogues can inhibit the formation of MYC-MAX or MAX-
MAX. a) Quantifi cation of concentration curves of Mizmetic 16 and 21 against MYC_F – MAX. b) 
Quantifi cation of concentration curves of Mizmetic 16 and 21 against MAX_F – MAX. All experiments 
were performed at n = 3.

Figure S5.14: BLI curves show that Mizmetics have affi  nity towards MYC but not towards MAX.
Mizmetics were screened against 1 µM MYC or MAX.
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