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Figure S1. Single component TEMPOL EPR spectra in frozen aqueous solution with added 2%
v/v DMSO, in the absence of protein. Experimental spectra (black) show the three general line
shape regimes of rigid limit (200 K), intermediate rotational mobility (220 K) and rapid tumbling
(260 K). EPR spectra, simulated under the assumption of random rotational motion about the
three Cartesion axes, by using the rotational correlation time predicted from the Debye-Stokes-
Einstein theory for viscosity-dependent rotational diffusion, are shown overlaid (red). The

predicted correlation times are presented in Table S1.



Figure S2. Depiction of the amino acid sequence of B-casein (Cas), showing degree of structure
prediction certainty (color code: very low, orange; low, yellow; high, blue; very high, dark blue)

by AlphaFold' (uniprot database,> P02666; bovine, Bos taurus). Scale bar is 50 A in length.
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Figure S3. Temperature dependence of the TEMPOL EPR spectrum in the presence of

streptavidin and streptavidin plus 4 equivalents of biotin per binding site under the weak

confinement condition (added 2% DMSO). Spectrum of streptavidin plus biotin (magenta,

dashed) is overlaid on streptavidin-only spectrum (black). Conditions are the same as for Figure

3, and as described in Materials and Methods.
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Figure S4. Arrhenius plots of the TEMPOL rotational correlation times for Region III, under the
weak confinement condition, in the presence of added DMSO. The plots show data for the slow
component (logz.s, open symbol) and fast component (logz.r, filled symbol), and linear fits
(solid line) for Region III and boundary 7 values (7 range shown in Figure 4; 205-250 K for all,
except Cas, 210-255 K), with extrapolations to neighbor regions (dashed line). (A) EAL (black,
circles),® SA (red, squares), Mb (blue, diamonds), and Cas (gold, triangles). (B) Pro (green,
triangles, base down) and AP16 (violet, triangles, base up). The horizontal dashed line
represents the upper limit of logze = —7.0 for detection of TEMPOL motion. Errror bars

represent standard deviations from three separate determinations.
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Figure S5. Arrhenius plots of the TEMPOL rotational correlation times for Region III, under the
strong confinement condition, in the absence of DMSO. The plots show data for the slow
component (logz.s, open symbol) and fast component (logz.r, filled symbol), and linear fits
(solid line) for Region III and boundary T value range, shown in Figure 5; logz. < —7.0, with
extrapolations to neighbor regions (dashed line). EAL (black, circles),® SA (red, squares), and
Mb (blue, diamonds). The horizontal dashed line represents the upper limit of logz. = —7.0 for
detection of TEMPOL motion. Errror bars represent standard deviations from three separate

determinations.
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Table S1. Experimental and calculated rotational correlation times for TEMPOL in the
mesodomain in frozen solution with added 2% DMSO in the absence of protein, and viscosity, 7,
of the maximum freeze-concentrated aqueous-DMSO solution, at temperatures representative of
canonical regimes of spin label motion: rigid limit (200 K), intermediate rotational mobility (220

K) and rapid tumbling (260 K).

T (K) 7 (P) log[z. sk ()]  log[zc, sim (5)]
260 0.17 -9.86 -9.86
220 2.84 -8.57 -8.48
200 31.80 -7.48 -7.34

2The correlation times, Tcsm, are obtained from simulation of the EPR spectra presented in

Figure S1.

P The correlation times, 7. sk, are calculated by using the Debye-Stokes-Einstein theory,! and the

viscosity, 7, of the maximum freeze-concentrated aqueous-DMSO phase, at each temperature.?



Table S2. EPR sample protein parameters and mesodomain parameters.?

porotein | EAL SA Mb Cas PRM Ab16
PDB ID" 5ysn 3ryl lu7s - - 1ze7
AlphaFold ID? - - - P02666 P69014 -
M: (kDa)* 488 52.8 16.7 24.0 4.36 1.96
[protein] (mM) 20.0 131 80.8 21.0¢ 386 787
Hprot 3.61x10" 2.37x101° 1.46x10'° 3.79x10" 6.97x10'° 1.42x10"
ASA (A?* 1.36x10° 2.08x10* 8.40x10° -f -8 1.71x10°
ASAwt (A?) 4.91x10% 4.92x10% 1.23x10%° -f -8 2.43x10%
DMSO present
Vmeso (mL)P 9.23 9.23 2.31 0.33¢ 9.23 9.23
<tmeso™> (A) 18.8 18.8 18.8 - - 38.0k
Footnotes

2 The protein concentration ([protein]) and number of proteins (#r0t), accessible surface area per

protein (ASA) and total protein accessible surface area in the sample (ASA«) are identical for

EPR samples in the presence (weak confinement) and absence (strong confinement) of added

dimethylsulfoxide (DMSO) cryosolvent. The volume of aqueous-DMSO phase (Vmeso) and mean

mesodomain thickness (<tmeso™>) refer to samples prepared in the presence of DMSO.

P Identification codes for the protein data bank (PDB)* structure and AlphaFold": 3 predicted

structure files

¢ M., molecular mass

4 The relatively low concentration of Cas (and attendant low volume of DMSO) adhere to the

low solubility limit of Cas in aqueous solution.®

¢ ASA is determined by using Virtual Molecular Dynamics, VMD.’
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T The value of ASA and ASA. for Cas are less certain than for the folded proteins of known
structure, because of its intrinsically disordered protein (IDP) nature. Lower limits of
ASA=4.62x10° A? and ASAw=1.75x10'"" A2 are obtained by using the surface area of the
volume of the equivalent sphere of protein mass (assumed protein density 1.35 mg/ml®°). Upper
limits of ASA=2.82x10* A2 and ASAw=1.07x10%" A2 are obtained from the AlphaFold
prediction (P02666) by using VMD.

¢ The value of ASA and ASA: for PRM are less certain than for the folded proteins of known
structure, because of its intrinsically disordered protein (IDP) nature. Lower limits of
ASA=1.52x10° A? and ASAw=1.06x10%" A2 are obtained by using the surface area of the
volume of the equivalent sphere of protein mass (assumed protein density 1.35 mg/ml & ).
Upper limits of ASA=6.14x10% A% and ASA,=4.28x10%° A? are obtained from the AlphaFold
prediction (P69014) by using VMD.

b The volume of the aqueous-DMSO mesodomain, Vmeso, is estimated from Vpmso/gmeso, Where
Vbmso 1s the volume of DMSO added to the sample, and gmeso 1s the fractional maximum freeze
concentration of DMSO, 0.65.3: 10

I The <fmeso™> values corresponding to lower and upper limits of the ASA (see footnote e) are 18.8
and 3.1 A, respectively. A <fmeso™> Within this range is in accord with the observed +5 K shift in
Region II/IIT (ODT) and III/IV boundaries for Cas, relative to the globular proteins.

I The <tmeso™> values corresponding to lower and upper limits of the ASA (see footnote f) are 87
and 21.6 A, respectively.

k The value of 38 A represents an upper limit, relative to more extended conformers in the

repertoire of AB16 NMR structures.'!
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Table S3. Mean logz. and W values at different 7 values, under weak confinement, in the

presence of added DMSO cryosolvent: SA

T (K) log 7 (s) Ws log 71 (s) Wr
200 -5.76 £ 0.05 0.13+0.10 -7.26 £0.09 0.87+£0.10
205 -6.56 £ 0.30 0.18£0.10 -7.59 £0.08 0.81+£0.10
210 -7.07 £0.05 0.27 £0.04 -7.93 £0.02 0.60 £ 0.07
215 -7.27 £0.06 0.20 +£0.01 -8.14 £ 0.05 0.70 £0.08
220 -7.57+£0.10 0.25+0.04 -8.41 £0.01 0.75+£0.04
225 -7.99 £0.07 0.28 £0.03 -8.61 £0.01 0.72+£0.03
230 -8.20 £ 0.05 0.26 £ 0.02 -8.79 £ 0.01 0.74 £0.02
235 -8.39+£0.06 0.22+£0.02 -8.98 £0.01 0.78 £0.02
240 -8.65+0.21 0.25+0.05 -9.17 £0.01 0.75+£0.05
245 -8.85+0.12 0.25+0.02 -9.35+0.01 0.75+£0.02
250 -9.04 £0.07 0.23 +£0.01 -9.51+£0.01 0.77 £0.01
255 -9.22 +£0.08 0.21 +£0.01 -9.67 £0.01 0.79 £0.01
260 -9.47 £0.05 0.19+£0.01 -9.84 £0.01 0.81+£0.01
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Table S4. Mean logz. and W values at different 7 values, under weak confinement, in the

presence of added DMSO cryosolvent: Mb

T (K) log 7 (s) Ws log 71 (s) Wr
200 -6.35+0.55 0.08 £0.02 -7.24 £0.05 0.92 +£0.02
205 -6.04 £ 0.05 0.29 +£0.00 -7.67£0.01 0.71 £0.00
210 -7.22 £0.05 0.28 £0.01 -7.98 £ 0.00 0.72 +£0.01
215 -7.73 £0.02 0.29 +£0.00 -8.19£0.01 0.71 £0.00
220 -7.79 £ 0.03 0.25+0.02 -8.42+0.01 0.75+£0.02
225 -8.08 £0.08 0.31+0.02 -8.67 £0.03 0.69 +0.02
230 -8.38 £0.02 0.29 £ 0.02 -8.80 £0.01 0.71 £0.02
235 -8.65+0.08 0.30 +£0.04 -8.97 £0.00 0.70 £ 0.04
240 -8.79+£0.11 0.29+£0.03 -9.16 £ 0.00 0.71 £0.03
245 -9.03 £0.04 0.29 +£0.01 -9.33£0.00 0.71 £0.01
250 -9.18 £0.07 0.28 £0.01 -9.49 £ 0.01 0.72 +£0.01
255 -9.41 £0.05 0.29+£0.03 -9.73 £0.05 0.71 £0.03
260 -9.64 £ 0.00 0.26 £0.01 -9.85+0.00 0.74 £0.01
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Table S5. Mean logz. and W values at different 7' values, under weak confinement, in the

presence of added DMSO cryosolvent: Cas

T (K) log 75 (S) Ws log 71 (s) Wr
200 -4.83+£0.32 0.02+£0.00 -7.06 £ 0.04 0.98 £0.00
205 -4.43 +£0.27 0.16 £0.04 -7.49 £0.06 0.84 £0.04
210 -7.02 £0.06 0.38 £0.04 -7.95+0.01 0.62 +£0.04
215 -7.48 £0.06 0.44 +£0.01 -8.18 £0.04 0.56 £0.01
220 -7.58 £0.02 0.40 +£0.01 -8.47 £0.03 0.60 £ 0.01
225 -7.61 £0.02 0.42 +£0.02 -8.68 £0.02 0.58 £0.02
230 -7.94 £ 0.06 0.44 +£0.01 -8.85+0.06 0.56 £0.01
235 -8.48 £0.01 0.45+0.02 -8.99 £0.02 0.55+0.02
240 -8.60+£0.12 0.44 +£0.03 -9.18 £0.02 0.56 £0.03
245 -8.82 £ 0.06 0.42+0.04 -9.31+£0.01 0.58 £0.04
250 -8.98 £0.07 0.41+£0.05 -9.44 £ 0.00 0.59 £0.05
255 -9.17 £0.05 0.40 £0.06 -9.57 £0.00 0.60 £ 0.00
260 -9.29 £ 0.05 0.36 £0.03 -9.78 £0.01 0.64 +£0.00
265 -9.65 £ 0.04 0.36+0.02 -9.65 £ 0.00 0.64 +£0.00
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Table S6. Mean logz. values at different 7" values, under weak confinement, in the presence of

added DMSO cryosolvent: PRM

T (K) log 7 (s)
200 7.32+0.10
205 7.61 +0.05
210 -7.93 +0.00
215 -8.18 = 0.00
220 -8.38 £ 0.01
225 -8.61 £0.01
230 -8.78 + 0.00
235 9.03+0.13
240 921 +0.11
245 -9.40 + 0.05
250 -9.63+0.10
255 -9.79 + 0.30
260 -9.89 + 0.02
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Table S7. Mean logz. values at different 7" values, under weak confinement, in the presence of

added DMSO cryosolvent: AB16

T (K) log 7 (s)
200 -6.80 % 0.10
205 -7.80 +0.05
210 -8.01 = 0.00
215 -8.14 % 0.00
220 -8.42 £ 0.01
225 -8.61 £0.01
230 -8.80 = 0.00
235 9.01+0.13
240 9.17+0.11
245 -9.40 + 0.05
250 -9.49+0.10
255 -9.67 +0.30
260 -9.83 +0.02
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Table S8. Mean logz. and W values at different 7' values, under strong confinement, in the

absence of added DMSO cryosolvent: SA

T (K) log 7 (s) Ws log 71 (s) Wr
230 -6.41 £0.08 0.10 £0.04 -6.72 £0.28 0.90 £ 0.04
235 -6.44 +£0.11 0.11 £0.03 -6.86 +£0.20 0.89 £0.03
240 -6.52+£0.10 0.15+0.02 -7.39+£0.10 0.85+0.02
245 -6.73 £0.04 0.70 £0.00 -8.18 £0.03 0.30+£0.00
250 -7.23 £0.04 0.67 £0.01 -8.43 £0.06 0.33+£0.01
255 -7.36 £0.15 0.70 £0.06 -8.55+0.06 0.30+£0.06
260 -7.96 £ 0.01 0.76 £0.01 -8.96 +£0.01 0.24 £0.01
265 -8.21 +£0.05 0.72 +£0.06 -9.29+0.07 0.28 £0.06
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Table S9. Mean logz. and W values at different 7' values, under strong confinement, in the

absence of added DMSO cryosolvent: Mb

T (K) log 7 (s) Ws log 71 (s) Wr
230 -6.73 £0.07 0.14+£0.01 -7.20+£0.07 0.86 +0.01
235 -6.54 £ 0.46 0.26 £0.01 -7.41 £0.01 0.74 £0.01
240 -6.69 £0.19 0.35+0.05 -7.84 £0.06 0.65 +£0.05
245 -7.17+£0.01 0.51+0.02 -7.19 £0.01 0.49 +£0.02
250 -7.64 £0.02 0.69 +£0.01 -8.56 +£0.03 0.31+0.01
255 -7.80 £ 0.01 0.69 +£0.01 -8.63 £0.08 0.31+0.01
260 -8.04 £0.01 0.68 £0.00 -9.11 £0.05 0.32+0.00
265 -8.91 +£0.01 0.56 £0.01 -9.43 £0.00 0.44 £0.01
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Table S10. Mean logz. and W values at different 7" values, under strong confinement, in the

absence of added DMSO cryosolvent: Cas

T (K) log 7 (s) Ws log 71 (s) Wr
230 -542+0.17 0.03 +£0.00 -7.01 £0.03 0.97 £0.00
235 -5.80+£0.16 0.05+0.01 -7.33£0.09 0.95+0.01
240 -6.44 £ 0.09 0.10 £0.02 -7.62 £0.09 0.90 £ 0.02
245 -7.00 £0.07 0.24 +£0.09 -7.94 £0.13 0.76 £0.09
250 -7.37 £0.03 0.39+£0.03 -8.30+£0.06 0.61 £0.03
255 -7.91+£0.07 0.69 +0.04 -8.67£0.08 0.31+0.04
260 -8.14 £ 0.04 0.62 +£0.09 -8.93 £0.03 0.38 £0.09
265 -8.57 £0.00 0.54+£0.00 -9.23 £0.00 0.46 £0.00
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Table S11. Mean logze and W values at different 7" values, under strong confinement, in the

absence of added DMSO cryosolvent: PRM

T (K) log 7 (s) Ws log 71 (s) Wr
250 -6.70 £0.18 0.98 £0.01 -8.79 £ 0.04 0.02 +£0.01
255 -7.13 £0.06 0.95+0.00 -9.29 £ 0.04 0.05+0.00
260 -7.80 £ 0.09 0.80 +£0.02 -9.37£0.06 0.20 £ 0.02
265 -8.69+£0.13 0.53+£0.04 -9.60 £ 0.04 0.47 £0.04
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Table S12. Mean logze and W values at different 7" values, under strong confinement, in the

absence of added DMSO cryosolvent: AB16

T (K) log 75 (S) Ws log 7t (s) Wr
230 -5.82+0.27 0.06 £ 0.00 -6.99 £ 0.06 0.94 +£0.00
235 -5.83+0.29 0.25+0.18 -7.39+0.14 0.75+0.18
240 -6.79 £0.07 0.73 £0.01 -8.10 £ 0.05 0.27 £0.01
245 -7.23 £0.04 0.72 +£0.01 -8.41 £0.05 0.28 £0.01
250 -7.63 £0.05 0.83 £0.01 -8.93 £0.03 0.17 £0.01
255 -7.72 £0.07 0.67 £0.02 -9.03 £0.05 0.33+£0.02
260 -7.78 £0.04 0.44 +£0.03 -9.30+£0.01 0.56 £0.03
265 -9.25+0.01 0.32+0.01 -9.70 £ 0.01 0.48 £0.01
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Table S13. Arrhenius parameters for TEMPOL rotational correlation times for Region III and

boundary 7 values under weak confinement, in the presence of added DMSO.?

protein -log 750 (5) E, s (kcal/mol) -log 710 (S) E. ¢ (kcal/mol)
EALP® 17.4 +0.60 9.57+0.62 17.2+0.85 8.80+0.88
SA 20.2 +0.84 12.7 +0.86 18.1 +£0.37 9.78 £ 0.38
Mb 19.2 +0.86 11.4+0.88 17.6 +0.37 9.24 +0.38
Cas 19.3+1.52 11.6 +0.60 17.1+0.55 8.74 +£0.59
PRM¢ - - 18.5+0.42 10.1 +0.44
AB16¢ - - 17.5+0.42 9.10+0.43

2 Standard deviations are obtained from the fit to the data points, that correspond to the average

of three determinations at each 7 value, as plotted in Figure S4.

b Temperature dependence of parameters determined previously.!

¢ A slow, PAD component is not detected for PRM and Af16 under weak confinement
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Table S14. Arrhenius parameters for TEMPOL rotational correlation times for Region III and

boundary 7 values under strong confinement, in the absence of added cryosolvent.?

protein -log 750 (5) E, s (kcal/mol) -log 710 (S) E. ¢ (kcal/mol)
EALP 24.3 +5.35 19.2 +6.36 24.6 +2.45 18.6 +£2.77
SA 259+ 13.9 21.4+16.3 26.4 +6.57 20.7 +7.57
Mb 27.6+11.8 22.9+13.7 24.1 +1.67 17.8 +1.88

2 Standard deviations are obtained from the fit to the data points in Region III, that correspond to

the average of three determinations at each 7 value, as plotted in Figure S5.

b Temperature dependence of parameters determined previously.'?
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Table S15. Calculated protein rotational correlation times for solution at room temperature and

under weak confinement conditions in the aqueous-DMSO (2% v/v) mesodomain at 240 K.&°

log 7z (s), 293 K log 7 (s), 240 K

EAL -6.83 -5.04
AB16 -9.09 -7.31
TEMPOL -10.15 -8.36

2 The correlation times, T, are calculated by using the Debye-Stokes-Einstein theory.!'? Viscosity
at 293 K corresponds to pure water. Viscosity at 240 K was calculated® by using 7-dependence
of the viscosity of aqueous-DMSO solutions. '

® The molecular model is the sphere of equivalent volume, obtained from the molecular mass and

density (1.35 mg/ml for the proteins® °).
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