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Abstract: SETD3 was recently identified as the histidine 

methyltransferase responsible for N3-methylation of His73 of β-actin 

in humans. Overexpression of SETD3 is associated with several 

diseases, including breast cancer. Here, we report a development of 

actin-based peptidomimetics as inhibitors of recombinantly expressed 

human SETD3. Substitution of His73 by simple natural and unnatural 
amino acids led to selected β-actin peptides with high potency against 

SETD3 in MALDI-TOF MS assays. The selenomethionine-containing 

β-actin peptide was found to be the most potent SETD3 inhibitor (IC50 

= 161 nM). Supporting our inhibition assays, a combination of 

computational docking and molecular dynamics simulations revealed 

that the His73 binding pocket for β-actin in SETD3 is rigid and 

accommodates the inhibitor peptides with similar binding modes. 

Collectively, our work demonstrates that actin-based peptidomimetics 
can act as potent SETD3 inhibitors and provide a basis for further 

development of highly potent and selective inhibitors of SETD3. 

Introduction 

SETD3 is a member of the superfamily of the SET domain-
containing methyltransferases,1 which typically catalyze the 
methylation of lysine or arginine residues on numerous protein 
substrates, including histones.2 Initially, SETD3 was identified as 
a histone lysine methyltransferase, catalyzing the methylation of 
lysines K4 and K36 in histone H3,3,4 however, recent 
investigations have led to the conclusion that SETD3’s prime 
function is catalytic methylation of histidine at position 73 (His73) 
in β-actin (βA).5,6 The unique properties of the imidazole ring 
among the proteogenic amino acids provide the opportunity for 
SETD3 to catalyze the S-adenosylmethionine (SAM)-dependent 
methylation of histidine at the N3-nitrogen (Fig. 1a,c).7-9 Point 
mutagenesis and biostructural analyses revealed the key binding 
residues in the SETD3 active site.8,10  SETD3 can also be 
engineered to show a preference for lysine over histidine at 
position 73 of the β-actin peptide.11 Adding to the unique enzyme 
profile, it was discovered that SETD3 has a capacity of poorly 
methylating methionine to generate the S-methylmethionine in the 
β-actin peptide (Fig. 1b).12 More importantly, introducing 
methionine at this position inhibited methylation of β-actin with a 
reported IC50 of 1 μM and a 76-fold stronger binding in comparison 
to the natural histidine.12 Structural analysis revealed that the  

Figure 1. SETD3-catalyzed methylation of histidine and methionine in βA. A) 
SETD3-catalyzed N3-methylation of histidine in βA; B) S-methylation of 
methionine in βA; C) View from a crystal structure of SETD3 (cyan) complexed 
with an unmodified βA-His73 peptide (yellow) and S-adenosylhomocysteine 
(SAH, an unreactive product of the methylation reactions, blue) (PDB ID: 6ICV)7; 
D) View from a crystal structure of SETD3 (pink) complexed with a βA-Met73 
peptide (yellow) and SAH (blue) (PDB ID: 6WK1).12 

hydrophobic thioether moiety of methionine is accommodated by 
two aromatic systems of Tyr312 and Trp273 along with the 
hydrocarbon side chain of Ile310 (Fig. 1d).  
 Actin is one of the primary constituents of the cytoskeleton 
in eukaryotic cells, as it forms microfilaments that provide 
structural support to cells.13 In humans, actin is found in six 
isoforms with different expression patterns of which β-actin is 
found ubiquitously in cells.14 β-Actin undergoes extensive post-
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translational modifications,15 among which N3-methylation of 
His73 by SETD3 is a prime example. Histidine methylation leads 
to an increased stability of actin filaments, and a decreased rate 
of hydrolysis of actin-bound ATP.16,17 Overexpression of SETD3 
is linked with various disease phenotypes in humans, such as 
systemic lupus erythematosus (SLE)18 and oncogenesis.19 In 
breast cancer, in vitro overexpression of SETD3 increased the 
capacity of invasion of the cancer cells.20 Furthermore, 
overexpression of SETD3 is associated with the overexpression 
of other genes related to cancer (among which β-actin), and in 
vivo can act as a subtype-specific biomarker for breast cancer 
progression and prognosis.20 These recent biomedical findings 
prompted us to investigate the inhibitory properties of the β-actin 
peptidomimetics as substrate-competitive inhibitors of human 
SETD3. 

Results and Discussion 

To design the first generation of human SETD3 inhibitors, we 
envisioned that the actin-based peptidomimetics might provide 
sufficient potency when competing with the β-actin peptide 
substrate. We introduced a panel of methionine analogs into the 
16-mer βA peptide (residues 66-81) at position His73 (Fig. 2). 
These analogs included: i) linear fully carbon-based amino acids 
of different lengths of the side chain; ii) natural, branched carbon-
based amino acids; iii) amino acids possessing subtle changes 
on the positioning of the thioether in the side chain; and iv) 
substitution of methionine’s sulfur by oxygen or selenium. 
Synthetic β-actin peptides were prepared using standard 
microwave-assisted Fmoc-SPPS protocols and purified by 
reverse phase HPLC (Figs. S1-S15). 

Figure 2. A panel of methionine analogs incorporated at position 73 in the βA 

peptide for examination of SETD3 inhibition. 

 Initially, human SETD3-catalyzed methylation of the 
histidine-containing βA peptide (βA-His73) and all synthetic βA 
peptides bearing methionine analogs was examined under 
‘standard conditions’ at pH 9.0 (1 μM SETD3, 10 μM βA peptide, 
100 μM SAM).6 Under these conditions, βA-His73 was fully 
methylated after 3 hours at 37 °C, as demonstrated by MALDI-
TOF MS (Fig. 3a). Control experiments confirmed that the 
methylation was indeed dependent on the presence of both 
SETD3 enzyme and SAM cosubstrate (Fig. S16). Only traces of 
βA-Met73 methylation were observed after 3 hours at pH 9.0 (Fig. 
3b), indicating that methionine it is a much poorer substrate than 
histidine, confirming results from the earlier report.12 Traces (< 
5%) of methylation were observed for homomethionine, the 
methionine analog with an extended side chain (Fig. 3d). All other 
βA peptides possessing a nucleophilic moiety at the side chain 
did not undergo methylation, within the limit of detection (Fig. 3). 

Figure 3. MALDI-TOF MS data showing methylation of βA peptides in the 

presence of SETD3 and SAM after 3 hours at pH 9. A) βA-His73; B) βA-Met73; 

C) βA-SmeC73; D) βA-hMet73; E) βA-mehSer73; F) βA-SeMet73. Control 

reactions in the absence of SETD3 are shown in black, whereas SETD3-

catalyzed reactions are shown in red. 

 

 Having shown that our synthetic βA peptides are not SETD3 
substrates, we explored them as inhibitors of the recombinantly 
expressed human SETD3 using the MALDI-TOF MS assays. In 
the initial experiment, βA peptides (10 and 100 μM) were 
preincubated with SETD3 (360 nM) and SAM (100 μM) for 20 
minutes, after which the βA-His73 peptide substrate (10 μM) was 
added, and the reaction was carried out for 20 minutes at 37 °C 
(Fig. 4 and Fig. S17, standard conditions). We observed that βA-
Met73 displayed good inhibition (90%, at 10 μM), supporting the 
earlier work.12 This initial screening also revealed some other 
potentially strong inhibitors. Out of the purely carbon-based 
analogs, the 3-carbon chain of norvaline (Nva) proved to be 
optimal, while the slightly longer norleucine (Nle) also displaying 
some inhibition at 10 μM. As expected, alanine did not show any 
inhibition,6 whereas the 2-carbon aminobutyric acid (Abu) and the 
5-carbon aminoheptanoic acid (Ahp) seem too short and too long, 
respectively, to display significant inhibition. Among the branched 
amino acids, leucine (Leu) displayed strong inhibition in the initial 
screening, while valine and isoleucine proved to be poor inhibitors. 
These results indicate that introducing steric bulk at the β-carbon 
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Figure 4. A single point inhibition of human SETD3 (360 nM) by βA peptides 

(10 μM). Error bars reported as standard error (SE), carried out in replicate. 

 
 
position is not favorable while it is tolerated at the γ-position. With 
leucine displaying strong inhibition, it was further suggested that 
a 3-carbon core side chain seems to be the optimal length. 
Extending or shortening the methionine side chain by one carbon 
did not seem to affect inhibitory capabilities, as both S-
methylcysteine (SmeC) and homomethionine (hMet) displayed 
reduced activity of SETD3 in the initial screening (Fig. 4). 
Interestingly, the S-methyl moiety seems important for correct 
positioning of the side chain, as the extended S-ethylcysteine 
(SetC) showed poor potency. Changing the heteroatom of 
methionine to selenium seemed to improve inhibitory properties 
in selenomethionine (SeMet), whereas the change to oxygen 
leads to a significant loss of activity in O-methylhomoserine 
(mehSer) (Fig. 4).  
 As it is well known that the SET domain-containing 
methyltransferases can be inhibited by the SAH product (Fig. 1) 
and its simplest analog sinefungin,21 we also explored the 
inhibitory potential of these compounds against SETD3. SAH or 
sinefungin (10 and 100 μM) were preincubated for 20 minutes with 
SETD3 under standard conditions and followed by a 20-minute 
reaction time for methylation of the βA-His73 substrate (Fig. S18). 
Surprisingly, even at 100 μM of SAH and sinefungin, neither of 
the compounds inhibited SETD3-dependent methylation of βA-
His73. To compensate for the high amount of equivalents of SAM 
present in the standard conditions, the inhibition experiment with 
SAH and sinefungin was repeated, using only 10 μM of SAM (Fig. 
S19). Indeed, this resulted in displayed inhibition for both SAH 
and sinefungin, with residual activities of 6% and 32% at 100 μM 
of inhibitor respectively. Supported by structural similarities, these 
data suggest that SAH and sinefungin act as SAM-competitive 
inhibitors of SETD3. 
 Along with methionine, S-methylcysteine, homomethionine, 
selenomethionine, aminobutyric acid, norleucine, norvaline, and 
leucine containing βA peptides proved to be strong SETD3 
inhibitors, with residual activities below 50% observed for these 
peptides at 10 μM in the initial screen (Fig. 4). IC50 values were 
accurately determined for all potent βA peptides by varying the 
concentration of the inhibitor (1 nM-500 μM) and plotting against 
the residual methylation activity of βA-His73 (Fig. 5, Fig. S20, and 
Table 1). Measurements of IC50 values demonstrated that seven 
βA peptides in the panel acted as sub-micromolar SETD3 
inhibitors. As a reference, βA-Met73 was found to have an IC50 of 

212 nM (Fig. 5a), while shortening the carbon chain as in S-
methylcysteine resulted in a slightly reduced inhibition (IC50 = 599 
nM, Fig. S20). Extending the carbon chain as in homomethionine 
also slightly decreased the inhibitory potential (IC50 = 307 nM, Fig. 
S20) when comparing with methionine. Meanwhile, 
selenomethionine (IC50 = 161 nM, Fig. 5b) appeared to have an 
IC50 slightly lower than methionine; this value is near the detection 
limit of the assay, taking the standard error into account. Norvaline, 
on the other hand, showed an IC50 of 343 nM, indicating that the 
thioether or selenoether moiety slightly improves the inhibitory 
potential (Fig. 5d). Extending the side chain by one carbon as in 
norleucine, resulted in decreased inhibitory potential (IC50 = 576 
nM, Fig. 5d) while shortening the side chain as in aminobutyric 
acid decreased inhibitory potential even further (IC50 = 2.65 μM, 
Fig. 5d). Finally, βA-Leu73 was found to be among the strongest 
inhibitors in our panel (IC50 = 207 nM, Fig. 5c). This observation 
suggests that an introduction of a limited amount of steric bulk at 
the γ-carbon is beneficial for the inhibitory potential of 
peptidomimetics, whereas steric bulk at the β-carbon resulted in 
poor inhibition for isoleucine and valine, with valine  having IC50 > 
100 μM. Taken together, many βA peptides possessing Met 
analogs acted as potent inhibitors for the SETD3-catalyzed 
methylation of β-actin, with selenomethionine being the strongest 
inhibitor found to date. From these results, it can be concluded 
that the chain length for the naturally occurring  

Figure 5. Dose-response curves showing inhibition of SETD3-catalyzed βA-

His73 methylation activity in the presence of different βA peptides: A) βA-Met73; 

B) βA-SeMet73; C) βA-Leu73; D) overlap of βA-Abu73, βA-Nva73, βA-Nle73 

and βA-Ahp73. Error bars reported as SE, carried out in replicate. 

Table 1. IC50 values for βA peptides as SETD3 inhibitors.a  

Peptide IC50 (μM) Peptide IC50 (μM) 

βA-Ala73 >100 βA-Leu73 0.21 ± 0.05 

βA-Abu73 2.65 ± 0.45 βA-Met73 0.21 ± 0.06 

βA-Nva73 0.34 ± 0.12 βA-SmeC73 0.60 ± 0.16 

βA-Nle73 0.58 ± 0.09 βA-SetC73 9.62 ± 1.78 

βA-Ahp73 15.5 ± 3.45 βA-hMet73 0.31 ± 0.04 

βA-Val73 >100 βA-SeMet73 0.16 ± 0.04 

βA-Ile73 35.4 ± 5.80 βA-mehSer73 14.5 ± 1.86 

a Carried out in replicate, errors reported as SE.
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Figure 6. Docking poses of βA peptides (residues 72-75): A) βA-His73; B) βA-SmeC73; C) βA-Met73; D) βA-Leu73; E) βA-Nva73; F) overlay of A-F with a surface 
representation of the binding cavity. SAH is shown in green.

methionine is optimal for SETD3 inhibition and introduction of the 
selenoether moiety was beneficial for inhibitory properties.  
 Having found that SAH and sinefungin have the capacity to 
inhibit the SETD3-catalyzed methylation when a lower amount of 
SAM is used, IC50 values were accurately determined using these 
conditions. These measurements revealed an IC50 of 3.1 μM for 
SAH and an IC50 of 105 μM for sinefungin, establishing that SAH 
inhibits SETD3 about 30-fold better than sinefungin, although not 
comparably to the βA peptides (Fig. S20). 
 We then proceeded to investigate the binding of the 
inhibitory peptides using computational methods. First, we 
performed a series of docking experiments to investigate the 
binding pose of βA peptides using the x-ray structure of the 
SETD3-βA-SAH ternary complex. To strictly search for binding 
poses of residue 73 that is positioned inside the active site, we 
docked βA peptides as tetrapeptides (residues 72-75), with a 
mildly restrained backbone (Fig. 6). In general, we found that the 
relatively small hydrophobic binding cavity only allows few 
favorable binding poses for each of the peptides and that side 
chains overlap fairly close when overlayed (Fig. 6f). When 
comparing the three sulfur-containing peptides (Fig. 6b,c, Fig. 
S21), the sulfur atom of S-methylcysteine is positioned quite 
differently compared to the sulfur atom of methionine and 
homomethionine, possibly explaining why this residue displays a 
lower inhibitory potential in inhibition assays. The S-S distance 
from the sulfur atom of SAH to the sulfur atom of S-methylcysteine 
is 5.3 Å. In comparison, the corresponding distance for 
methionine and homomethionine is 4.5 Å and 4.0 Å, respectively.  
 To test if the binding cavity is flexible enough to adopt other 
conformations that potentially better accommodate the βA peptide 
binding, we supplemented the regular docking experiments with 
induced-fit docking (IFD) experiments, in which flexibility of the 
binding cavity is introduced. Interestingly, we found only negligible 
differences between the binding poses suggested by regular 

docking compared to IFD (Fig. S21). This result indicates that the 
binding cavity is, in fact, quite rigid. 
 After these initial docking experiments, we continued to 
explore and quantify in more detail some of the dominating 
SETD3–βA interactions. For this, we performed four molecular 
dynamics (MD) simulations: one with SETD3 bound only to SAH 
and three simulations where the SETD3-SAH complex was bound 
to different βA peptides (βA-His73, βA-Met73, and βA-Leu73, 
residues 66-81). Based on these simulations, we first inspected 
how much the binding cavity of His73 changes when a βA peptide 
is removed from the SETD3-SAH complex. Interestingly, we 
found that the binding site remains open throughout the MD 
simulations even without a peptide substrate, which confirms our 
hypothesis from the docking experiments that this cavity is fairly 
rigid (Fig. S22). Actually, by visualizing the root mean square 
fluctuations (RMSF) of the backbone (Fig. S22a,b), we found that 
the binding site of βA peptides and SAH are part of the protein 
that fluctuate the least. This is particularly relevant since it 
indicates that water can access the cavity when no βA peptide is 
bound. We therefore used GIST (Grid Inhomogeneous Solvation 
Theory) to analyze and visualize the solvent accessible surface 
area (SASA) and thermodynamic properties of water that enters 
the binding cavity/active site (Fig. S23). As expected, we found 
that several water molecules enter the binding cavity when no βA 
peptide is bound. We, however, also found that water in one part 
of the cavity has significantly lower energy than water in the other 
part (Fig. S23B). This difference results from the higher number 
of hydrogen bond donors and acceptors in the part of the cavity 
that is closer to SAH. Interestingly, a single water molecule is 
present in the polar side of the cavity during all MD simulations. 
The water molecule forms hydrogen bonds to the side chain 
oxygen of Ser324 in SETD3 and the N3 nitrogen of histidine in the 
SETD3 bound βA-His73. It is therefore not expected that it is 
particularly thermodynamically favorable to push this water
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Figure 7. Distances between βA-His73, βA-Met73, and βA-Leu73 and the sulfur atom of SAH during MD simulations: A) dotted lines indicate the distances measured. 
Pink: βA-His73, cyan: βA-Met73, green: βA-Leu73; B) distances between the selected atoms during MD simulations.

molecule out of the cavity. However, as the other part of the 
binding cavity is rather hydrophobic, and since the entropy of this 
small cavity is quite low, replacement of the rest of the water is 
thermodynamically favorable.  
 Finally, we turned our focus towards the distances between 
the sulfur atom of SAH involved in methylation and relevant atoms 
in the side chain of βA peptides (those sites being sulfur, N3, and 
one of the methyl carbons on βA-Met73, βA-His73, and βA-Leu73, 
respectively, Fig. 7a). Interestingly, we found that these distances 
all converge towards approximately 4-5 Å and that these atoms 
are positioned quite similarly relative to SAH. This result strongly 
indicates that the three βA peptide substrates bind very similarly 
inside the binding pocket without influencing the binding of SAH, 
which confirms our hypothesis that these inhibitors act as 
competitive binders with the natural histidine-containing βA 
peptide. 

Conclusion 

In conclusion, we have developed several strong β-actin-based 
inhibitors of the recombinantly expressed human histidine 
methyltransferase SETD3. We demonstrated that the S-methyl 
moiety of methionine is important for inhibition, while the 
selenomethionine-containing βA peptide is the most potent 
SETD3 inhibitor developed to date. Furthermore, purely carbon-
based analogs also proved effective, setting clear limits of the size 
and shape of analogs allowed in SETD3’s binding pocket. In 
addition, our results revealed that SAH and to a lesser extent 
sinefungin act as SAM-competitive inhibitors of SETD3. Docking 
studies revealed the binding of the inhibitor peptides occurs via a 
very similar binding pose, adopting virtually the same 
conformation throughout the panel. Furthermore, molecular 
dynamics simulations showed that the binding pocket of SETD3 
is very rigid throughout the simulation, retaining the structure even 
in the absence of the βA substrate. Upon substrate/inhibitor 
binding, thermodynamically unfavorable water molecules are 
released from the cavity, leaving one water molecule that forms 
structurally important H-bonding with SETD3 in place. 
Simulations with some of the inhibitor peptides confirmed that the 
binding poses for these peptides are similar to that of the natural 

substrate. Taken together, these results provide an excellent 
starting point for the development of small molecule and 
peptidomimetic inhibitors of human SETD3, an enzyme involved 
in several disease phenotypes, including cancer. 

Experimental Section 

Peptide synthesis and purification 

All β-actin peptides were chain assembled on Rink amide resin using 
microwave assisted solid-phase peptide synthesis (SPPS) on a Liberty 
Blue peptide synthesizer (CEM corporation, Matthews, NC, USA). All 
amino acid couplings were carried out with the equivalent ratio of 
[5]:[5]:[7.5] of [Fmoc-protected amino acid]:[DIC]:[Oxyma Pure] at 75 ℃ for 
2 minutes or at 50 ℃ for 4 minutes for histidine, unnatural methionine 
analogs were coupled at 50 ℃ for 10 minutes. Peptides proceeded to 
standard cleavage from resin using 0.5% TIPS, 0.5% H2O in conc. TFA. 
The methionine, homomethionine and selenomethionine-containing 
peptides were cleaved using 0.5% TIPS, 0.5% H2O and 10% DMS in conc. 
TFA. TFA was blown off using N2 and the resultant residue was suspended 
in cold Et2O. After suspension, it was subjected to centrifugation for 5 
minutes at 5000 rpm in an Eppendorf 5804R centrifuge (Eppendorf, 
Hamburg, Germany) after which the supernatant was decanted into the 
waste. The remaining white to yellow solid was washed twice by cold Et2O 
and subjected to centrifugation after which the crude peptide was 
dissolved in a mixture of ACN in H2O and purified using preparative 
reverse-phase HPLC (RP-HPLC) using a gradient of buffer A and buffer B 
from 20% B to 70% over 40 minutes at 4 ml/min using a Gemini 10µm NX-
C18 110Å LC column (Phenomenex, Torrance, CA, USA). Analytical RP-
HPLC was carried out on a Gemini 5µm C18 110Å LC column 
(Phenomenex) at a flow rate of 1 mL/min. Analytical injections were 
monitored at 215 nm.  

Synthesis of the S-ethylcysteine containing β-actin peptide 

The crude cysteine-containing β-actin peptide was dissolved at 10 mg/ml 
in ACN/NH4HCO3 (1:7, 20 mM, pH 7.8) and mixed with 10 eq. of 2-
bromoethane. The reaction was heated to 40 ℃ and shaken in a 
Thermomixer C (Eppendorf) at 750 rpm overnight and proceeded to 
purification by HPLC as described.  

Enzyme expression and purification 
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The bacterial expression plasmid for human SETD3 fused to an N-terminal 
His6-tag was constructed employing a pCOLD I vector (Takara Bio, 
Kusatsu, Japan) as described previously.6 The recombinant enzyme was 
produced and purified by a slightly modified procedure also described by 
Kwiatkowski et al.6 Briefly, 900 mL of LB broth (with 100 mg/mL ampicillin) 
was inoculated with 50 ml of an overnight pre-culture of E. coli BL21(DE3) 
harboring the plasmid and incubated at 37˚C and 200 rpm until an OD600 
of 0.6 was reached. The expression of the enzyme was induced by placing 
the culture on ice for 20 min (cold-shock) and the addition of IPTG to a 
final concentration of 0.3 mM. Cells were incubated for 16 hr at 13˚C, 200 
rpm, and harvested by centrifugation (5000 × g for 20 min). The pelleted 
bacteria were then resuspended in 50 ml lysis buffer consisting of 25 mM 
Hepes pH 7.5, 300 mM NaCl, 10 mM KCl, 1 mM DTT, 2 mM MgCl2, 1 mM 
PMSF, 0.25 mg/ml hen egg white lysozyme (BioShop, Canada) and 1100 
U Viscolase (A and A Biotechnology, Poland). The cells were lysed by 
freezing in liquid nitrogen and, after thawing and vortexing, the extracts 
were centrifuged at 4˚ C (20000 × g for 20 min). For the purification of 
SETD3, the supernatant of E. coli lysate (50 ml) was diluted with 100 ml of 
buffer A (50 mM Hepes pH 7.5, 400 mM NaCl, 10 mM KCl, 30 mM 
imidazole, 1 mM DTT) and applied onto a HisTrap FF column (5 ml) 
equilibrated with the same buffer. The column was then washed with 30 
ml buffer A, and the retained proteins were eluted with a stepwise gradient 
of imidazole (25 ml of 60 mM, 24 ml of 150 mM, and 23 ml of 300 mM) in 
buffer A. The recombinant protein was present in both 150 mM and 300 
mM imidazole fractions, but only SETD3 protein eluted at the highest 
concentration of imidazole, exhibiting >97% purity as confirmed by SDS-
PAGE, was further processed. The enzyme preparation (23 ml) was 
dialyzed sequentially against 300 ml and 400 ml of dialysis buffer (20 mM 
Tris-HCl pH 7.5, 200 mM NaCl, 1 mM DTT and 6% sucrose) for 2h at RT 
and then overnight against 400 ml of the buffer at 4°C. Finally, the enzyme 
was 5-fold concentrated in a Vivaspin-20 ultrafiltration tube to a 
concentration of 1.845 mg protein per ml. The yield of recombinant SETD3 
was 9.2 mg of protein per 950 ml of culture. The purified enzyme was 
aliquoted and stored at -70˚C.  

Enzymatic assays 

SETD3’s enzymatic activity towards βA peptides was measured at 
different time points under standard conditions (1 µM SETD3 enzyme, 10 
µM peptide, 100 µM SAM) in the reaction buffer at pH 9.0 (25 mM HEPES, 
20 mM NaCl). The reactions were carried out in a final volume of 50 µL by 
shaking the reaction mixture in a Thermomixer C (Eppendorf) at 750 rpm, 
at 37°C. All reactions were quenched by the addition of 10% TFA in MilliQ 
water (v/v), aliquoted and mixed 1:1 with -cyano-4-hydroxycinnamic acid 
(CHCCA) matrix dissolved in a mixture of H2O and ACN (1:1, v/v), and 
loaded onto an MTP 384 polished steel target to be analyzed by a 
UltrafleXtreme-II tandem mass spectrometer (Bruker). 

Inhibition assays 

The single point screening assay was carried out with SETD3 (360 nM), 
SAM (100 μM), and βA peptide (10 and 100 μM) with 20 minutes 
preincubation, followed by the addition of the βA-H73 substrate (10 μM) to 
a final volume of 50 μL and incubated for additional 20 minutes at 37°C at 
pH 9.0. IC50 measurements were carried out with βA peptides (1 nM-100 
μM), SAM (100 μM), and SETD3 (360 nM). SAH and sinefungin inhibition 
was measured at 10 and 100 μM. The reactions were quenched by the 
addition of TFA 10 % in MilliQ water, aliquoted, and mixed 1:1 with -
Cyano-4-hydroxycinnamic acid (CHCCA) matrix dissolved in a mixture of 
H2O and ACN (1:1, v/v), and loaded onto an MTP 384 polished steel target 
to be analyzed. SETD3 residual activity was determined by calculating the 
relative integral of the methylated peptide to a control reaction in absence 
of potential inhibitory peptides. Experiments were carried out in replicate. 

Docking 

The crystal structure of SETD3 with actin and S-adenosylhomocysteine 
(SAH) bound was acquired from the Protein Data Bank (PDB ID: 6ICV, X-

ray crystal structure resolution 2.15 Å) and imported into the Maestro 
module, which is available in the Schrödinger Suite.22 Chain B (SETD3), 
chain D (actin), and SAH were extracted and prepared for docking. The 
Protein Preparation Wizard was used to add missing hydrogen atoms and 
assign bond orders. Protonation states at pH = 7.0 were determined using 
the PROPKA tool,23 which is implemented in the Protein Preparation 
Wizard. A restrained minimization of the hydrogen atoms was then 
performed using the OPLS3e force field.24 The actin peptide was cleaved 
between before Glu72 and after Ile75 yielding a tetrapeptide (residues 72-
75). 14 other tetrapeptides were then built by mutating His73 into other 
residues (βA-SeMet73 was excluded since selenium is not included in the 
OPLS3e force field). The tetrapeptides were processed by the LigPrep25 
tool, which utilized the OPLS3e force field for minimization. The C- and N-
terminals of the tetrapeptides were protonated and deprotonated, 
respectively, yielding neutrally charged groups. Docking of the 
tetrapeptides was performed using both the Glide program26 and the 
Induced Fit Docking (IFD) protocol.27 Both docking methods were 
performed in the XP-docking (eXtra Precision) mode and by restraining 
backbone atoms within 4 Å of the backbone atoms of actin in the crystal 
structure. The IFD was performed with an initial van der Waals scaling of 
0.5 for the receptor and ligands and refining residues within 5 Å of the 
ligand before the second round of docking with no van der Waals scaling 
and using the Extended Sampling protocol. 

Molecular Dynamics Simulations 

Four MD simulations were performed: one of the SETD3-SAH complex 
bound to no peptide, and three simulations with the SETD3-SAH complex 
bound to either β-actin (residues 66-81) possessing histidine, the leucine, 
or the methionine analogs, respectively. The starting configurations of the 
leucine and the methionine analogs were generated by mutating His73 of 
actin in the crystal structure described in the docking section (PDB ID: 
6ICV) using the Maestro module. MD simulations were performed using 
the Amber 18 software.28 Charges for SAH were assigned based on 
electrostatic potential (ESP) fitting with Antechamber, which also assigned 
atom types. The ESP used in the fit was obtained with Gaussian0929 based 
on HF/6-31G*. The molecular structures were geometry optimized also at 
the level of HF/6-31G*. This ESP was then used in a RESP30 fitting 
procedure performed by Antechamber. The tleap tool in Amber was used 
to solvate the system in water with a buffering distance of 12.0 Å to the 
protein and add salt-ions to neutralize the system and reach a 
concentration of 0.150 M. The tleap tool was then used to create topology 
and coordinate files using the Amber ff14SB31 (protein), TIP3P32 (water) 
and GAFF233 (SAH) force fields. Energy minimizations were performed 
with constraints on heavy atoms and a maximum of 1000 cycles. The first 
500 iterations were performed using the steepest descent algorithm, and 
the rest used the conjugate gradient algorithm. The system was then 
heated to 300 K in the span of 50 ps using the Langevin thermostat,34 
followed by 50 ps of density equilibration using the Berendsen barostat.35 
The systems were then set to equilibrate (with production settings) for 500 
ps at constant pressure and temperature of 300 K. Initial velocities were 
generated from random seeds based on a Maxwell-Boltzmann distribution. 
Bonds involving hydrogen were constrained using the SHAKE algorithm.36 
All MD simulations were run using a timestep of 2 fs. Following this initial 
short equilibration step, longer simulations of 200 ns were carried out with 
production settings. The first 50 ns of the simulations were excluded as 
equilibration, and coordinates were saved every 10 ps for analysis, which 
left 15000 snapshots for analysis. For analysis of solvent accessible 
surface area (SASA) and thermodynamic properties of water, we used the 
GIST (Grid Inhomogeneous Solvation Theory) Amber module with a grid 
spacing of 0.5 Å.37 
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Overexpression of histidine methyltransferase SETD3 is associated with human diseases. Here, we developed β-actin peptidomimetics 
possessing natural and unnatural amino acids as potent inhibitors of human SETD3. Docking and molecular dynamics simulations 
further supported enzyme assays data, indicating that the histidine binding pocket of SETD3 is rigid and accommodates inhibitor β-
actin peptides in a similar binding pose. 
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