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The C-terminal transactivation
domain of MITF interacts

promiscuously with co-activator
CBP/p300

Alexandra D. Brown, Kyle Lynch & David N. Langelaan™*

The microphthalmia-associated transcription factor (MITF) is one of four closely related members

of the MiT/TFE family (TFEB, TFE3, TFEC) that regulate a wide range of cellular processes. MITF

is a key regulator of melanocyte-associated genes, and essential to proper development of the
melanocyte cell lineage. Abnormal MITF activity can contribute to the onset of several diseases
including melanoma, where MITF is an amplified oncogene. To enhance transcription, MITF recruits
the co-activator CREB-binding protein (CBP) and its homolog p300 to gene promoters, however

the molecular determinants of their interaction are not yet fully understood. Here, we characterize
the interactions between the C-terminal MITF transactivation domain and CBP/p300. Using NMR
spectroscopy, protein pulldown assays, and isothermal titration calorimetry we determine the
C-terminal region of MITF is intrinsically disordered and binds with high-affinity to both TAZ1 and
TAZ2 of CBP/p300. Mutagenesis studies revealed two conserved motifs within MITF that are necessary
for TAZ2 binding and critical for MITF-dependent transcription of a reporter gene. Finally, we observe
the transactivation potential of the MITF C-terminal region is reliant on the N-terminal transactivation
domain for function. Taken together, our study helps elucidate the molecular details of how MITF
interacts with CBP/p300 through multiple redundant interactions that lend insight into MITF function
in melanocytes and melanoma.

The microphthalmia transcription factor family (MiT/TFE) is comprised of four closely related DNA-binding
proteins: transcription factor EB (TFEB), transcription factor E3 (TFE3), transcription factor EC (TFEC), and the
microphthalmia-associated transcription factor (MITF)"% These transcription factors are highly evolutionarily
conserved and homo/heterodimerize through a shared basic helix-loop-helix leucine zipper (bHLH) domain
that recognizes and binds to E-BOX (CANNTG) and M-box (TCATGTG) binding sites in promoter regions of
target genes’. The structural similarities between MiT transcription factors allows them to control numerous
cellular processes including organelle biogenesis, energy homeostasis, and cell fate determination®”.

Mutation to the MITF gene results in the failure of neural crest progenitor cells to properly differentiate,
and is found in conditions including Wardenbuurg Type 2 and Tietz syndrome, which cause varying degrees of
congenital hearing loss, abnormal retinal development, and pigmentation deficiencies®’. Through the usage of
alternative promoters and splicing of the first exon, the MITF gene generates various mRNA isoforms which differ
based their amino termini®. While certain MITF isoforms are widely expressed (MITF-A, MITF-B and MITF-
J)°-!1, others are predominantly found in certain cell types including cardiomyocytes (MITF-H)'2, cervical cells
(MITF-CX)", mast cells (MITF-E and MITF-MC)'*!°, retinal pigment epithelium and osteoclasts (MITE-D)*®.
All MITF isoforms share identical functional domains to the shortest isoform (MITF-M), which is exclusive to
melanocyte cells'>"’. For simplicity in this manuscript, from here on reference to MITF refers to the melanocyte
specific isoform MITE-M.

MITF is widely regarded as the master regulator of the melanocyte cell-lineage'®. In melanocytes, MITF
plays a critical role in regulating melanogenesis by directly targeting and controlling the expression of enzymes
involved in melanin pigment synthesis (TYR, TYRP1, DCT)". Aside from this function, MITF also modulates
the expression of almost one hundred different melanocyte genes involved in cell cycle regulation (CDK2, TBX2),
migration (SNAI2, c-MET), and survival (BCL2, BIRC7, HIF1a.)***'. Given the critical role of MITF in melano-
cyte biology, dysregulation of MITF activity is closely associated with the development and progression of the
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melanocyte-derived skin cancer melanoma'®. MITF activity is linked to melanoma cell phenotype and behaviour,
where it mediates switching from highly proliferative to highly invasive states promoting tumorigenesis and
metastases of the disease®.

The ability of MITF to activate gene expression is in part attributed to its interactions with co-regulating
proteins within transcriptional complexes. This includes the histone acetyltransferases CREB-binding protein
and its homolog p300 (CBP/p300), which potentiate MITF transactivation by remodeling chromatin structure
and making DNA more accessible to transcriptional machinery?*!. MITF recruits CBP/p300 through interac-
tions facilitated by its N-terminal transactivation domain (TAD)*. While many studies have focused on the
importance of MITF TAD, evidence has suggested that the C-terminal region of MITF also contains a transcrip-
tionally competent domain, which when removed significantly impacts MITF-regulated transcription (Fig. 1)%.
This raises the possibility that the MITF C-terminal region may function together with the N-terminal TAD to
enhance MITFs ability to recruit transcriptional co-activators like CBP/p300. Despite the potential importance
of the MITF C-terminal region, the structural details of this region or how it interacts with CBP/p300 are unclear.

In this study, we utilize a combination of nuclear magnetic spectroscopy (NMR), isothermal titration calorim-
etry (ITC), and protein pulldown assays to determine the structural features of the C-terminal region of MITF
and define its interactions CBP/p300. We determine that the disordered MITF C-terminus interacts promiscu-
ously with both transcriptional adaptor zinc finger domains (TAZ1 and TAZ2) of CBP/p300. Furthermore, we
identify acidic and serine-rich motifs within the MITF C-terminal transactivation domain that are essential to
maintain its high-affinity interaction with TAZ2, and when removed significantly reduce the ability of MITF
to activate reporter gene transcription. Finally, we remark that the C-terminal MITF transactivation domain
appears to work in cooperation with MITF TAD to active gene transcription.

Results and discussion

The MITF C-terminus is intrinsically disordered

To analyze the structural features of the MITF C-terminal region, NMR experiments were collected on a 13C,
15N-labelled sample of MITF gy The resulting "H-"N HSQC spectrum was of high-quality with strong signal-
to-noise intensities and the expected number of cross-peaks based on the number of non-proline MITF residues
and (Fig. 2A). Utilizing standard triple resonance experiments, we achieved unambiguous assignment of 91%
of backbone amide 'H and N resonances for MITFgry (119/131 residues). This nearly complete assignment
provided an excellent basis for both this study and future investigations of protein—protein interactions involv-
ing the MITF C-terminus.

The 'H-'"N HSQC spectrum of MITFrpry had nearly all 'H chemical shifts fall within a narrow range of
0.6 ppm, a hallmark feature of intrinsically disordered proteins where both sequence biases and conformational
plasticity contribute to the limited dispersion of proton chemical shifts*”%. We also calculated residue-specific
secondary-structure propensity scores (SSP) based on the assigned backbone Ca and Cg chemical shifts, where
a score of + 1 indicates the formation of a fully-formed a-helix, — 1 a p-sheet, and values in between roughly
corresponding to the fraction or propensity to adopt secondary structure at that position®. Along the entire
sequence of MITFcrgry residues had SSP scores ranging from — 0.2 to +0.25, we calculate an overall total of
11.6% proclivity for forming a-structure and 5.3% B-structure (Fig. 2B). This suggests that this region of MITF
has significant random-coil propensity with minor tendency to form secondary structure, consistent with the
small peak dispersion observed in the "H-""N HSQC spectrum.
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Figure 1. Schematic of MITF and CBP/p300 domains. MITF contains a basic helix-loop-helix DNA-binding
domain (bHLH), N-terminal (NTERM) transactivation domain (TAD) and C-terminal region which contains
threonine-rich (Thr), acidic, and serine-rich (Ser) regions. Domain boundaries are numbered based on the
MITE-M isoform sequence. CBP/p300 has a catalytic histone acetyltransferase domain (HAT) and several
protein-binding domains: nuclear receptor interaction domain (NRID), kinase inducible domain (KIX), IRF-3
binding domain (IBiD), and transcription adapter zinc finger domains (TAZ1 and TAZ2).
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Figure 2. (A) 'H-""N-HSQC of 1*C, *N-labelled MITF gy, backbone amide resonance peaks are labelled
based on their assigned residue. (B) Secondary structure propensity (SSP) values per residue of MITErgpy
calculated from Ca and Cp chemical shifts.

Intrinsically disordered proteins are abundant in the eukaryotic proteome, and particularly important to
processes like signalling and regulation®**!. Disordered regions are prevalent amongst transactivation domains
including those of the well-characterized p53 and c-Myc transcription factors***?. Their conformational flex-
ibility helps to facilitate binding of these transactivation domains to a variety of structurally diverse co-regulators
within transcriptional complexes. These regions can undergo a disorder-to-order transition to fine-time their
affinity for a particular binding partner, but many retain some structural ambiguity in their molecular recogni-
tion, termed ‘fuzzy’ complexes which can mediate highly specific but transient interactions necessary to adapt
to changing cellular stimuli***.

The C-terminal region of MITF binds both TAZ domains of CBP/p300

CBP/p300 are large multi-domain proteins that play an important role connecting numerous independent
cell-signalling pathways through interactions with hundreds of regulators from all major transcription factor
families®>. Within transcriptional complexes, CBP/p300 provide a scaffold to coordinate various sequence-
specific transcription factors through interactions with their multiple conserved protein-binding domains. These
include the kinase inducible domain (KIX) and transcriptional adaptor zinc finger domains (TAZ1 and TAZ2)
(Fig. 1B) which facilitate binding of CBP/p300 to transcription factors including p53, E2A, and STAT1/2**-*!. To
test if any of these domains interact with the MITF C-terminus, we performed a protein pulldown assay where
GBI1-MITFrgpy was immobilized and incubated with purified KIX, TAZ1, or TAZ2. SDS-PAGE analysis of
total protein following these experiments indicated that GB1-MITFgry did not interact with the KIX domain
of CBP/p300 (Fig. 3A), while it did interact with both the TAZ1 and TAZ2 domains.
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Figure 3. (A) Coomassie-stained SDS-PAGE analysis of the total amount of KIX, TAZ1, or TAZ2 pulled down
by immobilized GBI or GB1-MITF gy, Lanes 2, 5, and 8 show migration of each isolated CBP/p300 domain
and represents 10% of total pulldown input. The migration of immunoglobulin heavy and light chains (IgG H
and IgG L), GB1, GB1-MITFc1gpyp KIX, TAZ1, and TAZ2 are denoted. Duplicate uncropped gels are shown

in Fig. S3. (B) ITC thermogram following titration of TAZ1 (400 uM) or (C) TAZ2 (400 pM) into MITFpgpy
(30 uM). Data were fit to one-site binding curves, determining dissociation constants (Ky) of 5.0£0.31 uM and
0.76 £0.05 puM for the interaction of MITF rggy with TAZ1 and TAZ2, respectively).

To quantitatively assess these interactions we next performed isothermal titration calorimetry, where isolated
TAZ1 or TAZ2 was injected into a reaction cell containing purified MITFrgpy. The resulting thermograms
indicated that MITF cgy interacts with TAZ1 with a binding affinity (Ky) of 5.0+ 0.31 uM, and with TAZ2 with
a~ 6xhigher affinity (K4=0.76 £ 0.05 uM) (Fig. 3B,C). These findings correlate with our protein pulldown data
which suggested that MITF binds to both domains. They are also comparable to the MITF N-terminal TAD
which binds TAZ1 with a K4~ 6.7 uM and TAZ2 with a K4~ 1.2 uM, and to the p53 transactivation domain
which similarly binds TAZ1 with a Ky~ 0.9 uM and TAZ2 with a Ky~ 26 nM?**2. Given that the availability of
transcriptional co-regulators can directly influence MITF activity, and that CBP/p300 is a hub for a multitude of
transcription factor interactions across many different signalling cascades, the ability of MITF to bind multiple
CBP/p300 domains may help with its potential to re-direct the co-activator from other signaling pathways to
enhance its own function.

Identification of functionally important C-terminal MITF residues

We decided to further characterize how TAZ2 binds MITFcrgryp, given its higher affinity to MITFCrggy, than
TAZ1. To determine which residues of the MITF C-terminus were involved in binding TAZ2, a '*N-labelled
MITF¢rpry sample was prepared and sequential 'H-"*’N-HSQC spectra were collected upon titration with unla-
belled TAZ2 (Fig. S1). Once saturated with TAZ2, chemical shift changes (A§) experienced by MITFrepy
backbone resonance peaks were then calculated (Fig. 4A). From these calculations it was determined that most
MITFcrgpy residues experienced only minor changes in chemical shift (<0.15 ppm). While there appears to be
a higher number of perturbations located between the regions 1329-1348 and K369-T389, others resonances
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Figure 4. (A) Chemical shift perturbations (A8 =[(0.17A8y)* + (A8yn)*] ") of backbone resonances per

residue of *N-labelled MITFrggy (100 pM) upon the addition of TAZ2 (300 pM). Negative values indicate
disappearance of a resonance peak, and * denotes a proline or unassigned resonance. Average chemical shift
change (0.04 ppm) is shown as dashed line, boxes denote regions chosen for mutation. (B) Average luciferase
activation of MITF constructs, reported as fold activation of pcDNA3.1 negative control. Error bars represent
standard error, statistical analysis performed using one-way ANOVA followed by Dunnett’s multiple comparison
test (***p <0.001). (C) Coomassie-stained SDS-PAGE analysis of total TAZ2 pulled down by immobilized GB1-
MITFpgpy or GB1-tagged MITF mutant constructs MITF . i, (A334-345) MITF, 5 qqic (A372-381) and
MITF yger-ricn, (A394-411). Lane 2 shows migration of isolated TAZ2 domain and represents 10% total pulldown
input. The migration of immunoglobulin heavy and light chains (IgG H and IgG L), GB1, GB1-MITF¢ gy, and
TAZ2 are denoted. Uncropped images of duplicate experiments are found in Fig. S4. (D-F) ITC thermograms of
MITF y1yp-ricn, (16 pM), MITF g5 (17 pM), and MITF ygep-ier, (22 uM), following titration with TAZ2 (400 uM)
each fit to a one-site binding curve (K4=0.41+0.02 uM, 7.24£0.70 uM, and 2.26 £0.09 uM, respectively).
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throughout the protein disappeared from the spectra entirely. This disappearance of resonance peaks may be
caused by intermediate chemical exchange leading to line broadening and signifies that these residues could be
involved in the intermolecular interaction with TAZ2%*,

The transactivation domain architecture of MiT/TFE transcription factors include either acidic or serine/
threonine/proline-rich regions that can work synergistically with one another*. For example, TFE3 the clos-
est relative to MITE, contains two activation domains, a C-terminal proline-rich TAD that both contributes to
transactivation and potentiates the function of its N-terminal acidic TAD***". Given the homology between MITF
and TFE3 (58% sequence identity), it is reasonable to believe the MITF C-terminal transactivation domain may
function in a similar synergistic fashion to enhance the activity of the MITF N-terminal transactivation domain.
Taking into consideration sequence homology and our NMR perturbation studies, three mutants were generated
to remove a threonine-rich region from residues D334-D345, an acidic region from residues $372-D381, and a
serine-rich region from residues $394-S411 (Figs. 4A, S2). To determine if any of these regions are important for
transactivation, a luciferase-based transcriptional assay was performed where HEK 293A cells were transfected
with wildtype or deletion mutants of MITF and a reporter containing 7 E-BOX binding sites upstream a luciferase
gene. Normalized luminescence values were determined, and MITF was seen to activate transcription 40-fold
higher than negative controls. Comparatively, deletion of the threonine-rich region (A334-345) reduced the
transcriptional ability of MITF by half while deletion of the acidic (A372-381) or serine-rich (A394-411) regions
diminished activation eight-times less than wild-type (Fig. 4B). These findings coincide with previous studies
which have shown that removal of the entire MITF C-terminal region (residues 324-419) notably decreases
MITFs ability to activate transcription of the tyrosinase gene, but a region containing only the threonine-rich
motif (residues 324-369) still retains modest activation potential when fused to a GAL4 DNA-binding domain®.

To test if this transcriptional activity was functioning independently, redundantly, or cooperatively with the
MITF N-terminal transactivation domain (TAD), ATAD mutants were generated (removing residues 110-141)
from MITF and MITF ., i, upon which any transcriptional activity occurred by those constructs was ablated
(Fig. 4B). Given that the removal of both the C-terminal threonine-rich region and MITF TAD were required
for complete loss of transactivation, this suggests a cooperative mechanism similar to TFE3, where both domains
are necessary for MITF to be fully functional®. Given that all isoforms of MITF have the same C-terminal
sequences, we anticipate that our in-vitro studies of MITFygry; are relevant to all isoforms of MITFE. However,
the degree of cooperativity observed with MITFr,, will likely be isoform specific since MITF isoforms have
differing N-termini.

C-terminal MITF function correlates to TAZ2 binding

The reduced transactivation potential observed for the MITF mutants could be due to several factors beyond
weaking the association with CBP/p300, such as changes in expression level or subcellular localization. To
directly test which regions of the MITFrgpy have some ability to bind TAZ2, we performed an in vitro protein
pulldown assay where GB1-tagged MITFrgpy Or deletion mutants were tested for their ability to interact with
purified TAZ2 (Fig. 4C). While all mutants retained some residual ability to interact with TAZ2, mutants which
removed either the acidic (A372-381), or serine-rich (A394-411) regions greatly reduced the amount of TAZ2
that was retained in comparison to the wild-type domain. Consistent with these results, ITC studies revealed
that deletion of the threonine-rich region (A334-345) did not have any significant impact on the affinity of the
MITFcrgry for TAZ2 (K 0.41 +£0.02 pM; Fig. 4D), whereas deletion of the acidic region, or serine-rich region
impacted TAZ2 binding by tenfold and threefold, respectively (K4=7.24+0.70 uM and 2.26 £ 0.09 uM; Fig. 4E,F).

Interestingly, removal of the threonine-rich region, which had the smallest impact on MITF transcription
activity and TAZ2 binding, is the least conserved amongst all MiT family members (Fig. S2). On the other hand,
the acidic region shares considerable homology with conserved aspartic acid and glutamic acid residues at posi-
tions E375, D380, and D381. Removal of this region from MITFgpy caused the greatest disruption of TAZ2
binding, likely due to the loss of these negatively charged residues which would mediate interactions with the
highly electropositive surface of TAZ2.

The serine-rich region contains eight evolutionary conserved serine residues present in all other MiT family
members including $397, S401, S405 which are known phosphorylation targets of glycogen synthase kinase 3,
and $409 a previously identified target of AKT and RSK mediated phosphorylation*-*!. Evidence for such post-
translational modifications may influence the subcellular localization and electrostatic interactions between
MITF and CBP/p300, both of which would impact transactivation potential of MITFE.

Opverall, we have determined that the MITFrggy, is intrinsically disordered and interacts with both the TAZ1
and TAZ2 domains of CBP/p300. We have identified an acidic and a serine-rich motif within the MITF C-ter-
minal transactivation domain that are essential to both MITF transcriptional function and TAZ2-recruitment
of CBP/p300. Finally, we observe that the C-terminal region of MITF cooperates with the N-terminal transac-
tivation domain of MITF to active gene transcription. These finding advance overall understanding of MITF-
mediated transcription and are fundamental to our knowledge of co-activator recruitment in gene regulation.

Materials and methods

Plasmid constructs

The cDNA of MITF isoform M (Genbank: Accession no. BC065243.1) was purchased from ThermoFisher
Inc. and a region encoding for C-terminal MITFE-M (residues 289-419, CTERM, corresponding to residues
396-526 in the canonical MITF sequence) was cloned into restriction sites BglII/Sall of a pET21b derived vec-
tor modified to include a hexahistidine tag, the B1 domain of Streptococcal protein G (GB1), and a tobacco-etch
virus recognition site, to derive pGB1-MITFcrgry. MITF variants: MITF s, ic MITF) pcigic and MITF ggerricn
(A334-354, A372-381 and A372-381, respectively, and corresponding to A441-452, A479-488 and A501-518 in
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the canonical sequence) were produced by site-directed mutagenesis of pGB1-MITFrgpy using in vivo assembly
cloning where deletions were incorporated into primers®’. Constructs for the domains of CBP/p300 (TAZ1,
TAZ2, and KIX) were as previously described®. For transcriptional assays, a pGL3 luciferase reporter plasmid
was purchased from BioBasic Inc. and modified to include 7 E-BOX (CACGTG) binding sites upstream a lucif-
erase reporter gene (p7xE-BOX). Constructs for mammalian expression of full-length MITF were provided by
Yardena Samuels (Addgene plasmid #31151; pCMV-MITF-WT), and mutant constructs were produced from
full-length pCMV-MITF-WT using Q5 site-directed mutagenesis (New England Biolabs). The validity of all
constructs was confirmed using DNA sequencing.

Protein expression and purification

MITF constructs (GB1-MITF gy, GB1-MITF it GB1-MITFppigic. GB1-MITF g, i) Were expressed in
Escherichia coli BL21 (DE3). Cells were grown in Lysogeny Broth under ampicillin selection until a mid-log
phase and optical density of 0.6-0.8 was reached and then expression was induced with the addition of 0.5 mM
isopropyl-B-p-thiogalactopyranoside at 37 °C for 4 h. Isotopically labelled samples were produced by cells grown
in *N- or *C,°N enriched M9 minimal media®*. Cells (1 L) were harvested by centrifugation and resuspended
in 30 mL lysis buffer (20 mM Tris-HCI pH 8, 250 mM NaCl, 8 M urea), sonicated for 3 min, centrifuged in SS-34
rotor (Sorvall) at 14,500 rpm to clarify lysate which was then applied to a Ni-NTA affinity column (Cytiva) and
washed with lysis buffer containing 10 mM imidazole. Proteins were refolded on column with the addition of
native buffer (20 mM Tris-HCL pH 8, 250 mM NaCl, 5 mM PME) and eluted with native buffer containing
300 mM imidazole. Refolded protein was then dialyzed overnight at 4 °C into dialysis buffer (20 mM Tris-HCl
pH 8, 50 mM NaCl, 5 mM BME) in the presence of TEV protease (150 ug). The GB1 affinity tag was removed
using another round of Ni-NTA chromatography, and the flowthrough containing cleaved MITF constructs
was further purified using Q-Sepharose anion exchange column (Cytiva) equilibrated with IEC buffer (20 mM
Tris-HCI pH 8, 5 mM BME). The column was washed with IEC buffer containing 50 mM NaCl, and the final
protein was eluted using IEC buffer containing 500 mM NaCl. Expression of CBP/p300 domains (TAZ1, TAZ2,
and KIX) were as previously described®. Protein fractions were analyzed by SDS-PAGE and quantified using
UV-Vis spectroscopy.

NMR spectroscopy

A BC®N-labelled sample of MITF gy (700 uM) was prepared in NMR buffer (20 mM MES pH 6, 25 mM NaCl,
5mM DTT, 5% D,0). Backbone resonances were then assigned by measuring 'H-'>N HSQC, HNCO, HN(CA)
CO, CBCACONH, and HNCACSB spectra, and following resonance assignment secondary structure propensity
(SSP) was calculated based on Ca and Cp chemical shifts®®. All NMR experiments were collected at 35 °C on
a Bruker Avance III 700 MHz spectrometer at the National Research Council Institute for Marine Biosciences
(Halifax, NS). Data was processed using NMRPipe and assigned using CcpNmr Analysis®**°.

Chemical shift assignments for MITFcpgry have been deposited at the Biological Magnetic Resonance Data
Bank under accession no. 51763. To assess binding between MITF ¢rpry and TAZ2, a sample of *N-labelled
MITFcrpry (100 pM) was prepared in NMR buffer and 'H-*N HSQC spectra were collected in the absence or
presence of increasing amounts of unlabelled TAZ2 (up to 300 uM). Chemical shift perturbations (AS) of MITF
resonances were then measured upon addition of TAZ2 (A8 =[(0.17A8y)*+ (A8n)?] ).

Pulldown assays

Indicated GB1-tagged fusion proteins or GBI as a control (20 nmoles), were incubated with 20 uL IgG agarose
beads (Cytiva) in binding buffer (20 mM Tris-HCI pH 8, 50 mM NaCl, 5 mM PME, 10 uM ZnCl,) and rotated
end-over-end at room temperature for 15 min. Beads were then collected by microcentrifugation (1 min at
2000 rpm), washed two times with binding buffer, before an equimolar amount of TAZ1 or TAZ2 was added
and rotated for 30 min. The protein complexes bound to the beads were washed three more times with binding
buffer, and the total protein present was then analyzed by SDS-PAGE.

Isothermal titration calorimetry

ANl ITC experiments were performed in buffer containing 20 mM TRIS pH 8, 25 mM NaCl, 5 mM BME, 10 uM
ZnCl,. A total concentration of 400 uM TAZ1 or TAZ2 was loaded into the ITC syringe and incrementally
injected into the sample cell containing 16-30 uM of purified MITF construct. Experiments were carried out
using a VP-ITC Microcalorimeter with the following parameters: 30 injections of 10 pL with 300 s equilibration
intervals, reference power 20 uCal/s, and stirring speed of 300 at 30 °C. Thermograms were fit assuming a single-
binding site using MicroCal Origin 7.0 software and each experiment was performed in duplicate.

Transcriptional assays

For all luciferase-based transcriptional assays, HEK 293A cells were cultured in DMEM supplemented with 10%
FBS and incubated at 37 °C with 5% CO,. Cells were seeded 24-h prior to transfection into 24-well plates and
transfected with jetPRIME reagent. To each well, 0.5 pg of plasmid was added including: 0.35 pug p7xE-BOX
reporter, 0.05 pg pCMV-Renilla, and 0.1 ug of pCMV-MITF expression plasmid. Cells were harvested 24 h
after transfection at which point luminescence was measured from cell lysate using a Dual-Luciferase Reporter
Assay System (Promega). Each experiment is a representation of Renilla-normalized luminescence from trip-
licate experiments and shown as fold activation relative to pcDNA3.1 negative control. Statistical significance
was measured using one-way AVONA and Dunnett’s multiple comparison test compared to pPCMV-MITF-WT.
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Data availability
The chemical shifts for MITF gy have been deposited into BioMagResBank under accession code 51763.
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