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Figure S7. Distance between residues 15 and 83 in MD Simulations.

Figure S8. Comparison of CSPs from HSQCs with MD-derived RMSF for WT GM-CSF and variants.
Figure S9. 'H'>N HSQC NMR spectra and K4 curves of WT, H15Y, and H83Y with heparin (dp6) and
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Figure S10. Structural models of GM-CSF variants with either ATP (AlphaFold3) or Heparin (ClusPro).
Figure S11. CSP overlap analysis in GM-CSF titrations of ATP (orange) or dp6 (blue).

Figure S12. Representation of GM-CSF with hydrophobic and aromatic residues highlighted.

Figure S13. Solvent accessible surface area changes over time.
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Figure S1. (A) CD spectra of WT (black), H15Y (cyan), H15R (light blue), H83Y (green), and H83R (blue)
GM-CSF. Secondary structure profiles are highly similar. (B) Thermal denaturation experiments
monitoring CD ellipticity at 220 nm for the same GM-CSF samples.



A [wr . H15Y » H83Y o
+TEMPOL ° . +TEMPOL +TEMPOL °®
10
¢ \ LA P o 0 ‘o&o o d“ 00y of
. %’ te. @ o? ¢ ‘ bo T84 1
£ °go ° r e L 0
E’:ns . . .. ’ . f Py [] -d N a P ¢ . .. 2 N ' ‘O’ L]
z ° %, @ o & ° g9 o = o
H [] g o @ L] [ ] [ ] o @u‘ (T [} o o , 0 °
SRS DA Sy » o mag¥ol.
@ ’ y o ¢ oD’ ? ‘e
® ., W $ o ' LIS 1 * e T oy % P
125 ® . 0 * [] e 9
° ’ N LA . a
8.0 85 80 75 7.0 9.0 8.5 80 7.5 7.0 2.0 85 8.0 75 10
B “H (ppm) 'H (ppm)
£ w0l 1
$60] ]
< 0] ]
i |
- 0 10 20 30 40 S50 s: um 80 90 100 110 120 -ﬂ 10 20 30 40 50 leidn EID.SII 100 110‘1&!}‘ 1’0 20 30 40 S50 60 70 80 90 100 110 120
'sidues lesidues

Figure S2. (A)'H-""N HSQC NMR spectral overlays comparing WT, H15Y, and H83Y GM-CSF without
and saturated with 25 mM TEMPOL. The paramagnetic TEMPOL attenuates the signal of solvent-exposed

hydrophobic residues. (B) Per-residue intensity ratios (Itempoi/lapo) plotted as percent residual intensity,
showing NMR signal attenuation at solvent-exposed regions.



1.6
()

144 % ! .
_ ' a2, Eﬁg‘}i; L s i
< hi [ * (]

8 o1a 3 RN T gﬁéﬁé i g%
1.0 : £ '
0.84+—r—r-—r-—"r—T-rr-—r—r—"T—Tr—T—T—TTTT T

0 25 50 75 100 125

50

40 W1 °
—_ H15R
‘Tm 30=- o
Q:N 20+ ® o -;. :. g o® O & ) -.o

< 't ALY, ‘”ﬁ.\‘ .O% Ag

104 * P . ¢

2% i “

0 | | L] L] I L] | 'I | | | | I L | L | L | L | I | 1 L] | I

0 25 50 75 100 125

1 " »

o SOVIRLAY G W IVRERS RasmsiNy

w . . ° ° e

S of-s :

z | -

3 -

[ ]
-2 ——T—T— T T T T T T T—T—T—T—
0 25 50 75 100 125
Residue

Figure S3. Per-residue R1, R», and 'H-['"'N] NOE relaxation parameters for WT GM-CSF (black) and H15R
GM-CSF (light purple).
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Figure S4. Per-residue Ry, R, and '"H-['""N] NOE relaxation parameters for WT GM-CSF (black) and H15Y
GM-CSF (cyan).
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Figure S5. Per-residue R, R», and '"H-['*'N] NOE relaxation parameters for WT GM-CSF (black) and H83R
GM-CSF (blue).
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Figure S6. Per-residue Ry, R, and '"H-['""N] NOE relaxation parameters for WT GM-CSF (black) and H83Y
GM-CSF (green).
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Figure S7. Distance between residues 15 and 83 in MD simulations over time.
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Figure S8. NMR CSPs (yellow) and broadened peaks (green) overlaid onto a structure mapped with relative
RMSF (blue shades) demonstrate general agreement between residues experiencing heightened structural
and dynamic changes in experiments and MD simulations. Increasing intensity of yellow and blue shades
corresponds to increased magnitudes of CSPs and RMSF, respectively.
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Figure S9. 'H->'N HSQC NMR spectra and K4 curves for WT, H15Y, and H83Y GM-CSF with heparin
(dp6) and ATP. (A) 'HN HSQC spectra overlay of WT, H15Y, and H83Y GM-CSF with 1.8 mM dp6 and
1.1 mM ATP. (B) K curve fits of ligand titration from representative peaks of each variant.

10 5 10
[dpE] mM [dp] m



ATP

Heparin

Figure S10. Structural models and predicted binding interactions of GM-CSF and variants with either ATP
(AlphaFold3) or Heparin (ClusPro).
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Figure S11. Residues of significant chemical shift when ATP (orange) or dp6 (blue) binds. Residues that
shift in both ATP and heparin titrations are denoted in pink.



Figure S12. Representation of GM-CSF with hydrophobic and aromatic residues highlighted.
Hydrophobic residues in the GM-CSF pocket are shown in green, while aromatic residues are shown in

yellow.
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Figure S13. Solvent accessible surface area (SASA) changes over time for GM-CSF variants in MD

simulations.



