Exploring the dynamics and interactions of the N-myc transactivation domain through solution NMR
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SUPPLEMENTARY INFORMATION



Table S1. List of NMR experiments for each sample with temperature and spectrometer used.

Spectrum N-myc;_137 (TAD) | GB1-N-mycy5_so N-myCes_137 GB1-N-myci5-7,
Temp. Spec. | Temp. Spec. Temp. Spec. | Temp. Spec.
(°Q) (°Q) (°Q) (°Q)

'H-15N-HSQC 10-37 750 15 600 10 750 15, 37 600
600
950

HNCO 10 750 15 600 10 750°

HNcaCO 10 750 15 600 10 750°

HNcoCA 10 750 15 600 10 750°

HNCA 10 750 15 600 10 750°

HNcocaCB 10 750 15 600 10 750°

HNcaCB 10 750 15 600 10 750°

1H-13C-HSQC 10 750 15 600

HBHAcoNH 10 750 15 600

CON (C-det.)? 10 950

hCACO (C-det.)? | 10 950

CAnCO (C-det.)® | 10 950

CAN (N-det.)? 10 950

BNT1 10 600

BN T2 10 600

BN—[H]- 10 600

hetNOE

!H->N-HSQC 25 750 35 750 37 750

Aurora A

titration

H->N-HSQC 10-20 600,

ERK1, GSK3 950¢

phosphorylation

1H-1>N-HSQC 10 950¢

Fowx7-Skp1l

titrations

@ Recorded using 25% non-uniform sampling (NUS). Reconstructed using NMRpipe.
b A suite of 2D *3C-detected spectra (CON, haCACO and haCAnCO) and *°*N-detected spectra
(haCAN) which avoid reliance of the congested *H dimension were also collected for the N-myc
TAD construct. This corroborated the assighmentand provided additional >N, 13CO and *3Ca. shifts
for proline residues.
¢ 3xFLAG-N-myc;_137 (*°N-labelled) was used for these experiments.




N
o

Raw intensity (arbitrary) >
L]

°
1.0 o® ® °® o
° ° [ ] ° °
F A Y * ° &
° °
o o, 3 K U o
[ ° %, 0 ©
05 e P 3 . b4 % - °
° Se o0 [ 1
° 0.0 °
oy o ®
°
°
T T T T T T T T T T T T T T 1
0 20 40 60 80 100 120 140
1.4+
T(K)
X 42 i e 283.1
g “ 290.5
N 1.0 estnumsassjo imn el o ﬁgﬂq ’
© . 295.5
= 08 n ° ° (Y ] 3005
o ° L]
= ° . . 305.4
< ® o ° 1% o ° 3102
- ° o' e ° o %o
= 044 [ °
2} ° ®. » ° °
T 02l ° % 3 M D <
= V.2 LJ =
£ 7 .:f ° .’ * " f; °
L J
_L.'_. T T T T T T T 1
0 20 40 60 80 100 120 140
C 16 o Residue
[ ]
— n
< .
£ 121
= " .
. L] [}
T W | e "o
8 s C " .
© " .f .l.'.l..f ML l\ n -.
g i PR Ll - "i-ﬁ 'l‘l .
IS LI T - nm
Q 4 n n [ L] ]
o [ ]
%) L |
o L
0 T T T T T T T T T T T T 1
0 20 40 60 80 100 120 140
Residue

Figure S1. Meta-analysis from 'H->N HSQC spectra of N-myc TAD. (A) Raw intensity measurements
for peaks acrossthe sequence. Comparatively low intensity (broad) peaks were observed for Lys51—
Leu56, Ser76—-Gly89 and lle111-Ala122 regions. (B) Peak intensities as a function of temperature,
plotted as a ratio to the peak intensity at 10 °C. (C) Temperature coefficients for HSQC peaks. The
plot shows the change in peak position (or chemical shift perturbation, CSP) as a function of

temperature.



107 7 N—mycMw N—mycFm :‘107
] GB1-N-myc, . Ag N-myc, o, F
] Overlap Overla £
1087 GB1 G104 o2 P °r C108 5
,E\ ] G107 - E prd
% 109 E o a6 G101 4G an G46 G104 ;109 Z
= G66 Go8 G100 w a9 F ©
© ] G103° ® ° . G103 Q &GQE = ¢ °
Z 1101 G100 & Gas G66 G38 ?110 3
I 1 17G @ ceo o - Q\GBQ & F ~
] - ® E
111 ] 126 Ge3 111
] 112
T T T T T LA L L L L L N B Y L N B B B 2
8.6 8.4 8.2 8.0 7.8 8.6 8.4 8.2 8.0 7.8 7.6
L= M < R123 5 5731
119 4 H703M\5(3270- S @Viso @ ¥ sre 118
D41ﬁ e w12 F120 S62 N85 L
51A L
120 4 Ly R
s i r a1
—
c Qv 120 <
s 1214 [ o
= L19 S}
[ ©
%) V78
122 4 Ks1 F 3
lQZ = @é | 4op =
123 [
e M (-] c ° L
S . seT E73 Y20 ° 57V 53K L
124 —— vei & 8,T —— {“&ﬁy—y—y—y—Q—y—y—y—y— e = 7 szs LI L L L N N BN B B
8.8 8.6 8.4 8.2 8.0 7.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4
'Hd (ppm) 'Hd (ppm)

Figure S2. A comparison *H->N HSQC spectra of N-myc TAD and the two truncated variants GB1-N-
MYCig_s0 (left) and N-mycgs_137 (right). The upper plots show the glycine region of the spectrum and
the lower plots show part of the central region. There are the additional peaks from GB1in the
truncated fusion, but these have greater dispersion and generally do not interfere with the N-myc
peaks. Peak position differences are also observed close to the terminiin both cases, as would be
expected. Small uniform differences in peak resonant frequencies, especially for pH-sensitive His
residues, could be due to small variations in buffer. For the GB1-N-myc;5_so comparison, peaks from
the GB1 part of the sequence are labelled in green; overlapping peaks within the 18—-59 sequence

are labelled in red. For the N-mycg._13; comparison, overlapping peaks within the 64-137 sequence

are labelled in blue.
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Figure S3. (A) A comparison of the Ca secondary shifts for N-myc TAD (black) and the truncated
variants GB1-N-myc,s_so (blue) N-mycgs_137 (red). The overlapis excellentin both cases indicating that
the structural propensities are likely to the same in the truncated versions. Note particularly the
matching of the weak extended propensities between residues 20—35 for GB1-N-myc;5_so and the
matching helical propensity regions for N-mycgs_137. It is also worthwhile comparing the secondary
shifts observed in N-mycwith the fully-folded helix and -strands in GB1; for instance, the GB1 helix
has Ad values 3—4 times those in the regions with helical propensity in N-myc. (B) TALOS-N
prediction of secondary structure with blue bars corresponding to residues with extended/strand

propensities and red bars corresponding to those with helicity.
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Figure S4. Circular dichroism (CD) spectroscopy of c-myc MBII+ peptide. Sequence alignment for the
MBII (underlined) and MBII+ regions (coloured teal) in N-myc and c-myc. (A) Comparison of CD
spectra for the c-myc MBII+ peptide in buffer, 15% TFE and 30% TFE. (B) To facilitate comparison,
spectrafor the N-myc MBIl+ (already shown in Fig. 5E) are repeated here. Experiments were carried

outat5 °C.
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Figure S5. 'H-'>N HSQC spectrum for N-myc TAD before (red) and after addition of Aurora A kinase
domain (navy blue). Specific peak loss is observed but there was significant attenuation of spectral

quality. Experiments were carried out at 25 °C.
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Figure S6. Coprecipitation experiments between immobilised biotinylated N-myc peptides and

Aurora-A kinase domain (AurA).
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Figure S7. (A) Tracking the kinetics of different sites of phosphorylation by ERK1 within N-myc TAD.
Rapid and complete phosphorylation of Ser62 is achieved; much slower phosphorylation of Thr43
and Thr106 is also observed. (B) The rates of off-target ERK1 phosphorylation of Thr43 and Thr106
are increased at higher temperatures (20 °C), though they remain much lower than the rate of Ser62
phosphorylation. (C) Tracking the kinetics of different sites of phosphorylation by ERK1 and GSK3
within N-mycTADSA, Rapid and complete phosphorylation of Ser62 by ERK1 is achieved followed by
rapid and complete phosphorylation of Thr58; Thr58 does not appear to be significantly affected by
ERK1; again, slow phosphorylation of Thr43 and Thr106 (by ERK1) is observed.
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Figure S8. The *H-'>N HSQC spectrum of N-mycTAD** (red) shows near-perfect overlap with that of
WT N-myc TAD (black). (Upper) the Ser/Thr-rich region of the spectrum. (Lower) the aliphatic-rich
region of the spectrum. Differences are the desired loss of the Ser7 peak, gain of a **N downfield
peak attributed to Ala7, a small shift in the peak position of Met9 and unattributed changes to the

peak positions for direct neighbours Thr6 and Thr8.
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Figure S9. Slow phosphorylation of Thr106 by GSK3 observed using NMR. Treatment of N-myc TAD

with GSK3for 3 h brought about the emergence of aweak downfield phosphothreonine peak (A) as

well as five new minor peaks (B) attributed to the nearby Gly-rich region Gly98, Gly100, Gly101,

Gly103 and Gly104. (C) Tracking relative peak intensity changes over time after exposure to GSK3

reveals specific peak intensity reductions over a relatively broad range of residues (~85-112),

locating the phosphorylation site to Thrl06 and suggesting a significant effect of Thr106

phosphorylation on this Gly-rich region. Note: the generalloss in peak intensity at the first measured

time-point is due to sample dilution on addition of GSK3. (D) Peak intensity ratios for Thr106 and

other selected sites as a function of time. The time to reduce Thr106 intensity to 50% was greater

than 3 h.
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Figure S11. NMR titration of the Foxw7-Skp1 complex with unphosphorylated (A—C) and in situ

generated singly phosphorylated N-myc TAD (pSer62) (D—F). (A, D) The central backbone region of

the *H-1*N HSQC spectrum before (green) and after addition of Foxw7-Skp1 (pink). (B, E) Magnified

views of the Gly region (left) and Trp He—Ng region (right) of the *H-*N HSQC spectrum. Inset is an

aliased region (from 84—-85 ppm) showing Arg He—N¢ correlations. Peaks with the greatest

reductions in intensity highlight the parts of the sequence that interact most strongly. (C, F) Ratio of

peak intensities for each residue as a function of increasing molar ratio of [ Foxw7-Skp1]:[N-myc].
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Figure S12. Comparison of secondary structure predictions for N-myc and c-myc. (A) Sequence

alignment of TADs from N-myc and c-myc, color-coded to show helical regions (cyan) and beta-

turn/strand regions (yellow). The region of c-myc TAD for which structural NMR data are unavailable

is shownin light green. Underlined sequences are helices in the crystal structures of these regions of

N-myc and c-myc. (B) Structure of N-myc based on Alphafold2 prediction

(https://alphafold.ebi.ac.uk/entry/P04198), color-coded as (A). (C) Structure of c-myc based on

Alphafold2 prediction (https://alphafold.ebi.ac.uk/entry/P01106), color-coded as (A). (D) Residue-

specific pLDDT values from Alphafold2 structure predictions for N-myc and c-myc. An a-helix in N-

myc is predicted from 76—88 but with ‘low’ confidence (average pLDDT score 58.2), whereas the

MBII+ helix in N-myc (122—-137) is predicted with high confidence (average pLDDT score 71.2).
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Likewise the c-myc AlphaFold2 model predicts a helix at the same ‘MBII+’ position as in N-myc (c-
myc 140-155), albeit with reduced confidence (average pLDDT score 64.0). The region of c-myc that
binds the TBP—TAF1 complex (Wei et al., [30]) also appears as a helix (average pLDDT score 66.1 for
residues 95—-107). (E) Output from AGADIR prediction of helical propensity for N-myc and c-myc
(http://agadir.crg.es).
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