Phosphorylation disrupts the interaction between the intrinsically disordered region of the onogenic NDRG1 and lipid vescicles
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Figure SI-1. (A) Cation exchange chromatography elution profile of phosphorylated NDRG1*C (P-NDRG1*C). Fractions corresponding to the eluted peak are shown in the SDS-PAGE gel. (B) Mass spectrometry profile of the P-NDRG1*C. Molar mass of unmodified NDRG1*C is 8,689 Da. The presence of a phosphate group increases the molar mass of the protein by 79 Da for each deprotonated phosphate, indicating that the samples contains both tetra- and penta-phosphorylated NDRG1*C in similar amounts. (C) Mass spectrometry profiles of the P-NDRG1*C mutants. Molar masses for unmodified Ser-to-Ala mutant and Thr-to-Ala mutant are 8,673 Da and 8,659 Da, respectively. Peaks corresponding to phosphorylated protein are indicated.
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Figure SI-2. Experimental EPR spectra of NDRG1*C variants labeled with spin label Maleimido-Proxyl. Simulations were performed with the ‘Slow Motion’ mode of SimLabel program2 (a GUI of EasySpin3), while the used routine is described here2. The EasySpin function used for spectra simulation was ‘chili’. All panels “A” show the simulated spectra (magenta line) superimposed on the experimental ones (black line). All panels “B” show the components required to obtain the best fits. The tables on the right side indicate all parameters used for the simulations.
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Figure SI-3. Overlay of 1H-15N HSQC NMR spectra of NDRG1*C in the unmodified (red) and phosphorylated (blue) state at pH 6.5.
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Figure SI-4. Ni(II) titration over NDRG1*C by ITC, under conditions previously reported1. Upper panel represents raw data for injections of Ni(II) solution into protein solution. The bottom panel reports the integrated data (filled circles) and the fit of the experimental data (red line).
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Figure SI-5. Supernatants deriving from co-sedimentation analysis of unmodified and phosphorylated NDRG1*C and liposomes with different lipid composition, in the absence and in the presence of two equivalents of Ni(II).
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Figure SI-6. Circular dichroism of NDRG1*C (A) and P-NDRG1*C (B) and FTIR analysis of NDRG1*C (C) and P-NDRG1*C (D) in the presence of DMPC (blue), Ni(II) and DMPC (cyan), DMPG (red) and DMPG and Ni(II) (orange). For CD spectra, filled circles represent experimental points, solid lines are the fits obtained using BestSel. The FTIR spectra are represented by solid lines and 2nd derivatives by dashed lines. 
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Figure SI-7- X-Band CW room temperature EPR spectra in buffer solution for variant S357Cprox (A), Pi-S357Cprox (D), S378Cprox (G), Pi-S378Cprox (J); in the presence of DMPG LUVs for variant S357Cprox (B), Pi-S357Cprox (E), S378Cprox (H), Pi-S378Cprox (K); in the presence of DMPC LUVs for variant S357Cprox (C), Pi-S357Cprox (F), S378Cprox (I), Pi-S378Cprox (L). 
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Figure SI-8 – Experimental EPR spectra of NDRG1*C variants labeled with Maleimido-Proxyl in the presence of different amounts of glycerol. Simulations were performed with the ‘Slow Motion’ mode of SimLabel program1 (a GUI of EasySpin2) using a previously described protocol.1 The EasySpin function used for spectra simulation was ‘chili’. All panels “A” show the simulated spectra (magenta line) superimposed on the experimental ones (black line). All panels “B” show the components required to obtain the best fits. The tables on the right side report the parameters used for simulations. In the bottom plot, the variation in component weights is plotted as a function of the glycerol content


[image: ]
Figure SI-9. Intensity ratios of the peaks in the CACO spectra obtained at 16.4 T by 13C direct detection at pH 7.5 for NDRG1*C in the absence and presence of DMPC vesicles.
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Figure SI-10. Ni(II) titration over NDRG1*C by ITC under conditions previously reported1, in its unmodified (A, B) and phosphorylated states (C, D) and in the presence of DMPC (A, C) and DMPG (B, D). The figures show integrated data (filled circles) and the fit of the experimental data (red line).


Table SI-1. Assignment of the amide I band of protein by FTIR
	Secondary structure
	Band position in H2O (cm-1)

	
	Center
	Range

	α-helix
	1654
	1648–1657

	β-sheet
	1633
	1623–1641

	
	1684
	1674–1695

	Turns
	1672
	1662–1686

	Disordered
	1654
	1642–1657



Table SI-2. Thermodynamic parameters of Ni(II) binding derived from isothermal titration calorimetry experiments

	Protein samples
	KA
	KD (µM)
	ΔH (kcal/mol)
	ΔS (cal mol-1 K-1)
	ΔG (kcal/mol)

	NDRG1*C
	3.0 ± 0.2 x 104 
	34 ± 2
	-11.6 ± 0.3
	-18.3
	-6.10 ± 0.07

	P-NDRG1*C
	7.5 ± 0.4 x 104
	13.3 ± 0.7
	-11.9 ± 0.5
	-17.5
	-6.65 ± 0.05

	NDRG1*C + DMPC
	4.2 ± 0.1 x 104
	23.6 ± 0.6
	-8.5 ± 0.2
	-7.41
	-6.31 ± 0.02

	NDRG1*C+DMPG
	3.90 ± 0.4 x 104
	26 ± 3
	-3.2 ± 0.1
	+10.0
	-6.3 ± 0.1

	P-NDRG1*C + DMPC
	5.8 ± 0.1 x 104
	17.2 ± 0.3
	-10.8 ± 0.1
	-14.3
	-6.50 ± 0.02

	P-NDRG1*C + DMPG
	3.5 ± 0.3 x 104
	29 ± 2
	-23 ± 1
	-56.3
	-6.19 ± 0.09






References

(1)	Beniamino, Y.; Cenni, V.; Piccioli, M.; Ciurli, S.; Barbara Zambelli. The Ni(II)-Binding Activity of the Intrinsically Disordered Region of Human NDRG1, a Protein Involved in Cancer Development. Biomolecules 2022, 12 (9), 1272. https://doi.org/10.3390/biom12091272.
(2)	Etienne, E.; Pierro, A.; Tamburrini, K. C.; Bonucci, A.; Mileo, E.; Martinho, M.; Belle, V. Guidelines for the Simulations of Nitroxide X-Band Cw EPR Spectra from Site-Directed Spin Labeling Experiments Using SimLabel. Molecules 2023, 28 (3), 1348. https://doi.org/10.3390/molecules28031348.
(3)	Stoll, S.; Schweiger, A. EasySpin, a Comprehensive Software Package for Spectral Simulation and Analysis in EPR. J. Magn. Reson. 2006, 178 (1), 42–55. https://doi.org/10.1016/j.jmr.2005.08.013.

image6.png
110

Wy - 15N (ppm)

115

125

9.0

8.8

TsssL'
5347
5367
‘ \ 5336

5357
N377np

M324

5393 ! o
R325
Ta75
bara \. .,/—-'V392 -?

K388 L o
E391
\» -
M390 o
\ > JE— Ma2e®

E368 & 3 Radi

® 358 =
@ k R322

E348
R \.
L372
S .5 &
Rosmm—""
A381

L337

8.2 8.0

8.6 8.4
W, - "H (ppm)

110

120

125




image7.png
0.5

-2.5

10
<?

(s/1eorl) jemod ewiay |

Time (min)

150

100

50

(lowy/eoy) HV

3
-4
5
6

Molar ratio





image8.png
DMPG +  + - - NDRG1*C

P-NDRG1*C

R




image9.png
Wavenumber (cm™)

1
0
10
£ 2 €
o o
s ° s
© 4 w
< NDRG1*C + DMPG <
5 Ni-NDRG1*C + DMPG
[ NDRG1*C + DMPC
\ / Ni-NDRG1*C + DMPC
6 ™
190 200 210 220 230 240 250
Wavelength (nm) C
T T T 0.00010
44 \Brore . birs
omoro - oupe |-0.00008
1l  Nemarc - oure
—_ |-0.00006
S 0]
o |-0.00004
L
g Lo oooe2
; 06
= 1-0.00000
W04
-0.00002
02
|--0.00004
00 T T T T
1800 1750 1700 1650 1600 1550 1500

2 derivative (a. u.)

P-NDRG1*C + DMPG
Ni-P-NDRG1*C + DMPG
P-NDRG1*C + DMPC

Ni-P-NDRG1*C + DMPC

190 200 210 220 230 240 250
Wavelength (nm) D

: : : 000010
— P.NDRGIC + DMPC.
— P-NDRGIC + DMPG
2 - NiP-NORGT-C + OVEC |- 0.00008
—— NiPNDRGT"C + DMPG
- 000006
Ej
< 000004
e
3
2 000002
&
4
= 000000
o
--0.00002
-0.00004
T T y y T
1800 1750 1700 1650 1600 1550 1500

Wavenumber (cm’)

2nd derivative (a. u.)




image10.png
Buffer

S357CPox  A)

Pi-S357CPx D) J E)

e 9| PR W ) i
i

pi-s37gcroc ) K)

U Hf/\f

328 33 32 334 3% 3/ M0 342 M4 36 28 30 03 9% W W6 40 2 M4 a6 3B 30 IR 3} I 338 30 M2 344 346
Field (mT) Field (mT) Field (mT)





image11.png
$336CP* Glycerol 10%

Component 1 Component 2

——simulated
experimental component 1
simulated component 2 % (ns) 029 130
% 53% 47%
A) B) Gy 2,00892,00632,0024 |  2,0087 2,0063 2,0024
G 2,0059 2,0058
a (mT) 0,560,56 3,66 032 0,324,10
ayiso (mT) 159 158
344 345 348 350 G52 34 956 358 360 44 346 48 30 2 e %6 I8 30 Lw (mT) 6:0,121:0,05 6:0,03 L:0,01

Field (mT) Field (mT)

$336CP* Glycerol 20%

—— simulated
—— component 1
——— component 2

—

—— experimental
—— simulated
A/

A) B)

34 34 w8 30 32 354 396 3B 360 O 36 308 30 %2 34 366 058 60
Field (mT) Field (mT)

Component 1 Component 2
% (ns) 0,29 1,30
% 45% 55%
Gyyz 2,0091 2,0063 2,0024 2,0089 2,0063 2,0024
Gieo 2,0059 2,0059
ay (mT) 0,56 0,56 3,66 0,32 0,324,210
ayiso (mT) 1,59 1,58
Lw (mT) G:0,121:0,05 G:0,031:0,01





image12.png
S336CP* Glycerol 30%

Component 1 Component 2

experimental 1’;:‘;‘;‘::"( .
simulated component 2 % (ns) 0,29 1,30
% 38% 62%
A) B)
Gy 2,00912,00632,0024 |  2,0089 2,0063 2,0024
o 2,0059 2,0059
ay (mT) 0,560,56 3,66 0,32 0,324,10
ayiso (mT) 1,59 1,58
344 346 348 350 352 354 356 358 g0 M 6 348 30 2 334 36 398 360 Lw (mT) 6:0,121:0,05 G:0,03 L:0,01
Field (mT) Fieid (m7y

$336CP*Glycerol 40%

P

360 350 32 354 356

Field (mT)

0 3m 354 36

Field (mT)

346 ais 35 348 35 360

Component 1 Component 2
% (ns) 029 1,30
% 29% 1%

Gyye 2,0091 2,0063 2,0024 2,0089 2,0063 2,0024
Giso 2,0059 2,0059

ay (mT) 0,56 0,56 3,66 0,32 0,324,10
ay iso (mT) 1,59 158

Lw (mT) G:0,12L:0,05 G:0,03 L:0,01





image13.png
$336CP* Glycerol 50%

Component 1 mponent 2
simulated
component 1 7 (ns) 029 1,30
component 2
% 29% 71%
A) 0. 2,0091 2,0063 2,0024 2,0089 2,0063 2,0024
Tio 2,0059 2,0059
ay (mT) 0,56 0,56 3,66 0,32 0,324,10
ayiso (mT) 1,59 1,58
s vie i a0 32 I 6 6 60 G o % 30 32 5 36 36 360 Lw (mT) G:0.121:0,05 G:0,03 0,01

Field (mT) Field (mT)




image14.png
compnent weight

(%)

80 4

30
Glycerol (%)

component 1 (fast)
component 2 ( slow)





image15.emf

image16.png
jJue08(Ul JO BjOW/[BDY

4

3
Molar ratio

2

Molar ratio

o

(3]
h

-4
6
8
0

jJue08(Ul JO BjOW/[BDY

jJue08(Ul JO BjOW/[BDY

Molar ratio

4

3
Molar ratio

2




image1.png
1
' A
3 '
&) _____ i
gl g
m. .m_ ___"m []
i L
[y =
4 i e m_"*
o 1 1
T
NaCl concentration (M)
g8 8 8 8 g .
B
s
:2
§
FE
=
< 2R 220 C

(nvw) souequosqy

i
1 i
8 ____
& L L
qm._.m L1} "
—_—
TE RS
e t
S
i i
d
i
H
i H
H
i :
g
Hy
H
Hd
5
' M-
of -




image2.png
S Component 1 Component
" 1
experimental o Eﬁ:g::& % (ns) 029 130
simulated
[ % 58% 2%
“ [ [ 2,0089 2,0063 2,0024 2,0087 2,0063 2,0024
A) B) A A
[ ‘ If o 2,0059 2,0058
‘ 1 ' ay (mT) 0,610,613,55 0,26 0,264,86
\ i ayiso (mT) 1,59 1,79
i
Lw (mT) G:0,12 L:0,05 6:0,03 L:0,01
344 346 348 350 2 384 356 358 360

Field (mT)

expenmemal‘

—— simulated

A)

au a8 w0 w2 B4 36
Field (mT)

358 360

—— simulated
—— component 1
~ component 2

B)

3 30 si2 a4 w38 30 2 34
Field (mT)

a8 30 2 4 3w W M0 M2 044
Field (mT)

7 (ns)

Component 1 Component 2

0,29 1,30
% 58% 2%
G 2,00842,00632,0024 | 2,00812,0063 2,0024
o 2,0056 2,0055
ay (mT) 0,57 0,57 3,65 0,21 0,214,25
ayiso (mT) 1,60 1,55
Lw (mT) 60,12 L:0,05 6:0,03 1:0,01





image3.png
— simulated
—— component 2
—— experimental P % (ns) 029 1,30
—— simuiated
q % 8% 2%
A) q B) oy 2,00822,00612,0022 | 2,007 2,00612,0022
Giso 2,0055 2,0055
ay (mT) 0,530,533,74 0,25 0,254,19
ayiso (mT) 1,60 155
TR R e e T A e s S wimn 60121005 G003 Lo0L
Field (mT) Field (mT)
—— experimental
—— simulated
<imulated Component 1 Component 2
component 1 % () 0,29 130
——— component 2 3
% 58% 2%
A) J B)
[ 2,0084 2,0063 2,0024 2,0081 2,0063 2,0024
i 2,0056 2,0055
ay (mT) 0420442399 0,20 0,204,62
ayiso (mT) 161 167
R E I EE R,
Fild (nT) et ) Lw (mT) 6:01210,05 6:0,03L:0,01





image4.png
S378CProx
—— experimental| —— simulated
—— simulated —— component 1
——— component 2
A) B)
3 a0 a2 a4 M W M0 N2 4 @8 30 332 M 36 B6 Mo M2 e
Field (mT) Field (mT)
Phosphorylated S378CProx
—— experimental
—— simulated imulated
component 1
ccomponent 2|
A)
P60 s s a6 36 S0 sk s % m0 a2 w36 w8 a0 w2 o
Field (mT) Field (mT)

Component 1 Component 2

7. (ns) 0,29 1,30
% 75% 25%
Gy 2,0084 2,0061 2,0022 2,0081 2,0061 2,0022
Giso 2,0056 2,0055
ay (mT) 0,570,57 3,65 0,21 0214,42
ay iso (mT) 1,60 1,61
Lw (mT) 610,12 1:0,05 60,03 1:0,01

Component 1 Component 2

7 (ns) 0,29 1,30
% 75% 25%
. 2,00822,00612,0022 | 2,0079 2,0061 2,0022
9o 2,0055 2,0054
ay (mT) 0,600,60 3,59 0,16 0,16 5,30
ayiso (mT) 1,59 1,88
Lw (mT) 6:0,12 1:0,05 6:0,03 1:0,01





image5.png
Component 1 Component 2

——simulated
—_— 029 251
—— experimental —— component 1 % 9 ’ 4
|—simulsted | —— component 2 % 13% 87%
A) . 2,0089 2,0063 2,0024 2,0085 2,0063 2,0024
G 2,0059 2,0057
ay (mT) 0,800,803,20 044 0,443,72
ay iso (mT) 1,60 153
Lw (mT) 6:0,121:0,05 6:0,03 :0,01
28 a0 a2 3 a6 38 M0 32 34 a3p g0 332 a4 a6 338 a0 sz 34

Field (mT) Field (mT)

Component 1 Component 2

—— experimental —— simulated 7 (ns) 029 1,30
—— simulated —— component 1
—— component 2. % 58% 2%
9y 2,0084 2,0063 2,0024 2,0081 2,0063 2,0024
A) B)
G 2,0056 2,0055
ay (mT) 0,570,57 3,65 021 021425
ayiso (mT) 1,60 1,55
Lw (mT) E 6:0,03 L:0,01

328 3 32 3% 33 33 %40 M2 344 926 330 3% 33 936 3 340 342 344
Field (mT)

Field (mT)





