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S1 | Results from MALDI-ToF Experiments on 5-MSL HSA

The molecular weights of HSA and spin-labeled 5-MSL HSA samples are shown in Figure
S1. The weight increase of HSA is shown for two independent labeling procedures and
amounts to AMW; = +639 Da and AMW; = +849 Da. With MWs.s. = 237.27 Da. This
corresponds to a degree of modification of n1 = AMWi/MWs.usL = 2.69 and n2 = AMW2/MWs.ms.
= 3.58. Thus, on average nws.= 3.14 * 0.45 spin labels are covalently attached to HSA during a
5:1 incubation procedure as it was applied here.
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Figure S1. Molecular weights of HSA and 5-MSL HSA. The spectrum shows the overlaid peaks of HSA (green)
and 5-MSL HSA (cyan and blue) with the derived masses of their singly charged ions [M+H]*. Maximum
intensities were normalized to 100% for clarity.

S2 | Data Extraction from CW EPR Spectra

In order to extract apparent hyperfine coupling constants A [S1] and collective rotational
correlation times z. from CW EPR spectra of 5-MSL HSA, a scheme is presented in Figure S2
of how corresponding data in Figure 2b were obtained. According to a strategy presented by
Meirovitch and Freed [52] the A-tensor components (Ax, Ay, Az) are extracted from low-
temperature X-band CW EPR spectra (A;) in combination with room temperature spectra
(@iso), assuming an overall axial nitroxide geometry with Ax = Ayy. The pure A; tensor value
can be extracted from CW EPR spectra below about 200 K, as the strongly restricted
rotational freedom leads A, to approach A; [S3]. This is the characteristic threshold
temperature when intramolecular motions with 7. < 100 ns become visible from an e.g.

protein sample. The isotropic hyperfine coupling constant:

aiso:Tr(A):%(Axx"’Ayy+Azz):%(2Axx+Azz) (S1)



from 5-MSL is here taken from an extremely basic room temperature sample at pH 11.96,
where the freely rotating component with its typical three-line spectra is dominant and
clearly identifiable. Figure S2a shows the spectral positions of specific features that were
extracted (xi € A, a). However, besides the straightforward peak-picking procedure, a
Manganese standard (Magnettech GmbH) has been used to take device-specific uncertainties
in relative line-positions into account and a sweep-width correction factor ksw = 0.9965 could
be determined for experiments with the 5-MSL spin label and ksw = 0.9923 for 5-DSA and
16-DSA (average value: ksw = 0.9944). The corrected values for A;;, A) and ais, are therefore
generally obtained with following expression:

X=kSTW(B(X2)—B(X1)) , (S2)
where B(x;) are the corresponding magnetic field positions in Gauss [G]. Errors for A;; and A
are determined by the relation (Figure S2b):

k
Ax==R(AB(G) + AB(x) , (S3)

as obtained from the propagation of uncertainty. The respective error in individual AB(x;) are

determined during data readouts (e.g. here in Figure S2: AA;; = 0.20 G).
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Figure S2. Exemplary data extraction from CW EPR spectra of 5-MSL HSA. (a) Determination of Az from peak
positions Ai in a T = 150 K low temperature spectrum of 1.35 mM 5-MSL HSA in DPBS buffer pH 7.4 (top lane),
directly after the concentration step of the purification procedure. The aiso value is taken from value (ai) of a
0.09 mM 5-MSL HSA sample at pH 11.96 with clearly distinguishable isotropic three-line components of 5-MSL
(bottom lane, room temperature, T = 298 K). Additionally, a room temperature spectrum of the sample in the top
lane is shown in the middle lane. (b) Determination of Aj from peak positions Aij in a room temperature
spectrum of 0.09 mM 5-MSL HSA at pH 3.67. The parameters h+1, ho, h-1, Bo and ABopp are extracted for
calculations of collective rotational correlation times zc (see equations S8 and S9).



Furthermore, this strategy was pursued for all manual data extraction procedures in this
study (x-axis values derived from 5-DSA and 16-DSA spectra are: A}, AL, Az, ABopp, see Figure
4a). The error for ais is related to the magnetic field resolution AB(X;) = Bmax/Nmax = 3.66 uT =
0.0366 G with Bmax = 15 mT being the sweep width and the number of recorded data points
Nmax = 4096, so that Aaiso = ksw*AB(a;) = 0.0365 G. If necessary, values and their errors for y-axis

values (e.g. ho, h. and h_;, see Figure 4a) were extracted with:
y=%(¥2-v1) (S4)

and Ay =1 (Ay, + Ay;) . (S5)

According to the method from Meirovitch [S2], equations S1 — S3 can be combined to yield

an expression for Axand Ayy:

A=Ay =5 (3.B(2,) - Ba) - B(A)-BA) - (3 - A) (s

with the uncertainties:
k
AAy = AA, = %(ms(ai) +AB(Ay) + AB(A)) _ (S7)

Finally, the A-tensor values of 5-MSL can be determined as A;; = (35.78 + 0.20) G, Ax = Ay =
(5.91 £ 0.13) G and aiss = (15.863 * 0.037) G. The well-known semi-empirical approach for
calculations of pH-dependent rotational correlation times 7. was also tested [54,55]. As
multicomponent CW EPR spectra can be observed throughout all pH values for 5-MSL HSA,
the precise extraction of individual rotational components is only accessible by thorough
spectral simulation. Therefore, the calculated values are termed as collective rotational
correlation times z.. The magnetic parameters for g- and A-tensors were used, with the former
one being regarded as principally inaccessible without simulations at X-Band frequencies.
Therefore, the g-tensor values given in Marzola et al. [S6] with g« = 2.0084, gyy = 2.0061, gz =
2.0025 were used here. Explicit formulae from lineshape theory are given in equation S8 and
S9. Furthermore, the 7. values are usually obtained by calculating the arithmetic average of
both values 71 and 72 that are defined as [54,55,57]:

- 3 o ABogy [ F . \/EJ (S8)
32 UB(Azz_'A&x)'(gzz_f(gxx-l'gyy)) BO h—l hl

B3 MBoy [y Ry
2 (ALY u; +£ ZJ &

whereas g is the Bohr magneton, 7 is the reduced Planck constant, Bo is the center field in

Tesla, ABopp is the peak-to-peak linewidth of the central nitroxide resonance line (m = 0)
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given in s, and ho, h-1 and h.1 are the relative line heights of the three nuclear transitions
(m = -1, 0, +1) in isotropic nitroxide spectra as shown in Figure S2b. The result from this
analysis is given in Figure 2b (dark yellow). For convenience, error bars were not calculated

for = and are therefore assumed to range about 6% [S8].

S3 | Collective Lysine pK, Estimation from pH-dependent EPR Experiments (5-MSL HSA)
The significant pH-dependence of the high-field (h-1) and low-field (h:1) peaks in CW EPR
spectra from 5-MSL HSA (that are also used to calculate rotational correlation times 7. in
Supplementary Material S2) exhibit an odd maximum feature at about pH 10.4 (see Figure
S3). Therefore, the results from PROPKA 3.0 calculations [ ] on the fatty acid-free HSA
structure (PDB ID: 1BMO) [S12] were tested for lysine pKa values. Overall, Niys =
residues have been considered in the charge calculation, apart from the Lys4 residue.

Individual lysine pKa,i values ranged from 6.36 — 11.59 with an average:

58 lysine

N Lys

1
pKa,Lys _Tyslzzll pKa,i (510)

that yields pKaiys = 10.28 *+ 0.89. This unexpected correspondence (Figure S3) may already
facilitate the estimation of a collective lysine pKa value (pKaLys) from CW EPR spectra of
5-MSL HSA alone.
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Figure S3. Correlation of lysine pKa values and EPR spectral features of 5-MSL HSA. (a) Histogram of individual
pKai values (blue) that were calculated with PROPKA 3.0 [S9-511]. The histogram has been equipped with a
Lorentz-distribution envelope curve (gray). (b) pH-dependent intensities of high-field (h-1, blue) and low-field
(h+1, black) peaks are shown that appear in CW EPR spectra of 5-MSL HSA. The calculated average value pKa,Lys is
highlighted as a red dotted line to indicate correspondence with EPR spectroscopic data.



S4 | Exemplary Simulation of 16-DSA Alone and Interacting with HSA

Two spectra were simulated with EasySpin [S13] according to a scheme that was presented
earlier [S14]. Both spectra contain 16-DSA either in its free form (1:0 loading), or while
interacting with HSA (2:1 loading, see Figure S4). The observed subspectra components Fi(B)
comprise 16-DSA in aggregates/micelles (a), free in solution (f), or bound to albumin (b1, b2)

in the relative fractions ¢.
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Figure S4. Exemplary spectral simulations from samples containing 16-DSA. Spectral simulations of (a) 0.4 mM
16-DSA-probed DPBS buffer with 20% v/v glycerol at pH 7.4 and (b) 16-DSA probed HSA in a 2:1 loading ratio
(1 eq = 0.4 mM) in DPBS buffer at pH 7.4 and 20 % v/v glycerol. Experimental spectra are shown in black and
simulations in red. For results of simulations see Table S1.

The obtained simulation parameters are listed in Table S1. In order to facilitate a comparison
of the simulation parameters with extracted spectral features Aj, Az and ABopyp, all original
values Aiisim are multiplied with the sweep-field correction factor that was determined as ksw

=0.9923 for all spin probe experiments, so that here Aii = AjisimKsw.

Table S1. Simulation parameters from 16-DSA alone and 16-DSA-probed HSA

Fi(B) 4 [%] Ox % 9 Aot[G]l Ay [G]  AL[G]  aw[G] wmilns] B[]
16HSA 1:0 f 6342 20087 20064 2.0025 6.58 591 34.48 1566 0117 45
a 3658 20087 20064 2.0025 6.58 591 34.48 15.66 - 45
16HSA 2:1 f 0.07 20087 2.0064 20025 6.58 591 34.48 1566 0117 45
by 6208 20089 20064 2.0025 5.91 5.42 34.34 1522 14232 16
b 3785 20089 20064 2.0025 591 542 3434 1522 5837 45

aValues were corrected with ksw = 0.9923 as simulations were conducted on experimental spectra.

Exemplary subspectra Fi(B) were calculated according to values given in Table S1 and are
presented in Figure 3d. 16-DSA probes emerging in aggregates (a) were simulated with an

effective Heisenberg spin exchange frequency Jas = 45 MHz.



S5 | Rationalization and Analyses of I curves
All lapr values were calculated according to equation 1 and corresponding errors were
therefore obtained with:

_|ah, +an| |, ah|

Al =
abf|h0||h§|

(S11)

The different transition zones of 16-DSA-probed HSA in laf curves were extrapolated by fit
curves for a better extraction of decisive pH values. The curve shape reproduction for pH
regions from pH 1 — 4 (16-DSA micellation (j = a)) and pH 4 - 9 (slight changes in hy (j = b)) is

facilitated best with the use of Boltzmann functions of the kind:

-1 + (Ij,max_lj,min)
abf j.max l+e(pH_ij‘0)/dej . (512)

This allows for an estimation of individual transition heights Ij = ljmax — ljmin, transition
midpoints pHjo and corresponding widths dpH;. The resulting fit curves are presented in
Figure S5a—d and the fit parameters can be found in Table S2.

Table S2. Boltzmann fit parameters obtained from laf curves (16-DSA)

Parameter 16HSA 1:1 16HSA 2:1
j a b a b
pH fit range 0.98 - 4.39 3.94-851 0.89-4.79 3.99 -10.27
1 max 0.0742 + 0.0049 -0.1754 + 0.0119 0.2424 + 0.0098 -0.1999 + 0.0015
i min —0.1732 + 0.0043 —0.0724 + 0.0055 —0.2004 + 0.0032 —0.0895 + 0.0008
pH;o 3.436 £ 0.026 5.600 £ 0.214 3.445 +£0.028 6.188 + 0.033
dpH; 0.189 +0.021 0.665 + 0.195 0.158 + 0.015 0.564 +0.028
R? 0.9939 0.9751 0.9932 0.9976

The relative amount of free ligand can be observed in Figure 4d by monitoring the ratio
h_1/no. The emergence of the bump feature from pH 4.5 to about pH 8.5 indicates a clear
increase in the amount of free ligand. The bump can be described by a conventional
Gaussian curve shape of the form:

X _1[pHpHmf
2

—_1=|f0+|f‘e 7D

h 3

' (S13)

and the fit curves are given in Figure S5e and S5f. Obviously the inflection point pHao is at
pH 3.45 and the maximum at pH, is located around pH 6.2 for both 16-DSA loading ratios.
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Figure S5. Fit curves from pH-dependent lasf and h-1/ho parameters. Boltzmann fit curves (equation S12) to lasf for
16-DSA-probed HSA (1:1 loading ratio) (a) in the acidic (pH 1 - 4) and (b) in the neutral pH range (pH 4 - 9).
Boltzmann fit curves to laf for 16-DSA-probed HSA (2:1 loading) (c) in the acidic (pH 1 — 4) and (d) in the neutral
pH range (pH 4 - 9). Gaussian fit curves (equation S13) to the relative high field peak heights h-i/ho for
16-DSA-probed HSA are given in the range from pH 4.5 — 8.5 for (e) 1:1 and (f) 2:1 loading. Results are shown in
Table S2 and Table S3.

Table S3. Gaussian fit parameters obtained from h-i/hy curves (16-DSA)

Parameter 1:1 2:1
pH fit range 4.39-8.51 4.79-8.38
lto 0.0021 0.0016 + 0.0012
pHio 6.204 +0.209 6.327 +0.037
10 0.929 +0.155 0.972 +0.091
Iy 0.00891 0.01775 +0.00114
FWHM 2.187 2.288
Area 0.0207 0.0432
R? 0.6601 0.9709

The curve shape for minima in lathat occur around pHa = 4 and pHs = 11 is of a more intricate

mathematical nature. Here, a rational Nelder model function [S15] is used that facilitates the

reproduction of data sets containing asymmetric extrema. The applied function:

pPH+a

Labr =

allows for this circumstance here.

o+ Bi(pH + @) + 1, (pH + @)

(S14)



Table S4. Nelder fit parameters obtained from last curves (16-DSA)

Parameter 2:1
pH fit range 3.14-6.67 3.26 -6.28 9.96 -12.24
a -3.241 +0.032 -12.074 + 0.011 -3.418 +0.026 -12.102 +0.018
Bo -3.118 £ 0.452 -1.458 +0.165 1.823 +£0.175
il 0.169 +0.743 -1.957 +0.375 -1.674 £ 0.807
B2 -3.002 + 0.285 -1.541 +0.182 4463 +0.723
R? 0.9770 0.9630 0.9666

In order to detect these extrema from the curve fits, a general derivation according to the

quotient rule gives:

alabf _

(PH+a)- (2B, (pPH+a) + B

BH for ABH+a)+ fpH+al (B ARH+a)+ R+ g5

Obtaining the zeros of this function is straightforward and reveals that:

PHpin = —a £
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Figure S6. Nelder fit curves from pH-dependent lur values. Nelder fit curves (equation S14) to lur for 16-DSA-
probed HSA (1:1 loading) (a) in the acidic (pH 3 — 6) and (b) in the basic pH range (pH 9 — 12). Nelder fit curves to
Iy for 16-DSA-probed HSA (2:1 loading) (c) in the acidic (pH 3 — 6) and (d) in the basic pH range (pH 9 - 12).
Results (R? > 0.962) from the curve regressions are given in Table 54.



with the errors:

ABy N BoABy

+Aa
. 517
2805 255 1)

Therefore, the 1 parameter is obviously of inferior importance. It is also found that the sign

ApH iy =

in equation 516 depends on the curve symmetry, so that the acidic minimum is located at
pH: = —a + (Bo/f2) ™% and the basic minimum pHf= —a — (8o/f2) 2. The corresponding fit curves

are given in Figure S6.

S6 | Analysis of pH-dependent Apparent Hyperfine Coupling Constants A
The obtained curves for Aj values (Figure 5b) in the region around pH 2 were fitted with

Gaussian functions:

_1,2
A=A+ !amc € ? (518)
with z=(pH-pHyc) ome (519)
for 5-DSA-probed HSA (2:1 loading).
(a) (b)
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Figure S7. Fit curves of pH-dependent Aj values in the range from pH 1 — 3. A Gaussian fit curve was applied to
reproduce (a) A values from 5-DSA-probed HSA (2:1 loading) in the acidic range from pH 1.8 — 2.5 and a Gumbel
distribution [S16] was used to reproduce (b) A values from 16-DSA-probed HSA (1:1 loading) in the acidic range
from pH 1.2 — 3.1. Results are shown in Table S5.

For 16-DSA-probed HSA (1:1 loading) an extreme value distribution function was adopted

according to Gumbel [S16]:

.
A= Ao +lame ¢€ (520)
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Here, Ao is the ambient value around the indentation around pH 2.0 and Iawmg is the fitted

indentation depth of a corresponding feature.

Table S5. Gaussian Fit parameters obtained from A curves

Parameter 5HSA 2:1 16HSA 1:1
Fit range 1.84-2.48 1.22-3.14
Model Gauss (eq. S18) Gumbel (eq. S20)
Ao 30.583 + 0.089 30.284 +0.086
pHwme 2.133 £0.026 1.898 £ 0.029
oMG 0.133 £ 0.037 0.142 +0.028
Iame -0.802 £ 0.016 -1.054 +0.183
FWHM 0.3128 -
R? 0.8730 0.8119

S7 | Determination of Low Temperature A;; Values at T =150 K from Spin Probed HSA

The gx and Az tensor values are the most sensitive quantities when changes in polarity are to
be detected [S17]. In a straightforward procedure, outer extrema separations of spectra at T =
150 K were used as it was already shown in Supplementary Material S2. A;x from spin
probes k are here observed as a function of pH and the corresponding individual experi-
mental findings are summarized in Figure S8 and Table S6. Individual values of A;k and

their uncertainties have been obtained by using equation S2 and S3.
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Figure S8. Az parameters from low temperature CW EPR spectra at T = 150 K. Here, color coded experimental
spectra are presented in terms of the pH region of interest. The acidic range is shown in red (pH < 4), the neutral
range in blue (4 < pH < 11) and the basic range is shown in green (pH > 11). CW EPR spectra (top) are given
together with the extracted Azx values (bottom) for (a) 5-DSA-probed HSA (2:1 loading, N = 13), (b) 16-DSA-
probed HSA (2:1 loading, N = 14) and (c) with 1:1 loading (N = 15). Inset graphs are given for 16-DSA-probed HSA
samples and highlight regions where strong spectral changes appear.
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Table S6. A;; values from spin probed HSA as a function of pH=

5HSA 2:1 16HSA 2:1 16HSA 1:1
pH Azs [G] pH Az [G] pH Az [C] pH® 8Az" [G]

1.04 33.91 +0.42 1.13 33.64 +0.40 0.83 33.89 +0.45 1.09 = 0.06 0.27 +0.41
1.87 34.16 +0.45 1.71 33.82+0.45 1.33 33.80 +0.40 1.79+0.11 0.34+0.45
2.03 34.62 +0.50 1.75 33.96 +0.40 1.70 33.71+0.32 2.05+0.02 1.07 £ 0.45
2.16 34.35+0.35 1.96 33.82+0.25 1.85 33.68 +0.40 2.31+0.01 0.14+0.48
2.31 34.10 +0.62 2.06 33.55+0.40 1.97 33.46 +0.42 3.23+0.04 0.10+0.42
3.20 34.17 £ 0.55 2.30 33.96 +£0.35 2.08 33.68 +0.37 4.50+0.02 -0.38 +0.29
451 34.02+0.27 3.26 34.07£0.30 228 33.62+0.32 6.08 £0.01 -0.71+0.29
6.07 33.62+0.37 448 34.39+0.30 3.35 34.05+0.27 7.39 £0.04 -0.04+0.31
7.36 34.18 +0.35 6.08 34.34+0.20 4.72 34.25+0.20 8.16 £0.01 0.02+0.29
8.17 34.18 +0.32 741 34.21+0.27 6.24 34.21+0.27 9.22 +0.09 0.04 £0.35
9.28 34.21+0.37 8.15 34.16 +0.25 7.32 34.27 +0.30 10.90 £ 0.04 —0.05+0.26
10.87 34.05+0.32 9.15 34.18 +0.32 8.48 34.19+0.32 12.11£0.02 —0.64 +0.30
12.09 33.55+0.35 10.93 34.10+0.20 9.61 34.34 +0.30

- - 1212 3419025 10.68 34.27+0.25
- - - - 1178  34.00+0.27
Ankpr®[G]  34.09%0.28 34.03+0.25 33.96 +0.29

aValues are taken from spectra in Figure S8. ®5-DSA and 16-DSA experiments with 2:1 loading and approximate overlapping pH
values are summarized by an average pH value together with its mean deviation. ¢3A;,, values are given together with an
averaged error from A5 and Az a6 (see equation S21 and Figure 5¢). A,k pn = averaged Az x values across all pH are given with
their standard deviation.

Differences in between Azs and Az 16 in the 2:1 loading status are detected by the differences

at similar or identical pH values with:

8Azz = Azz 5 Azz 16 (521)

and are listed on the right hand side of Table S6. Additionally, a pH-independent average

value is given by Az kpH in the bottom line.

S8 | Analysis of ABop, Curves
The obtained curve sections for ABoppin Figure 6b were fitted with Gaussian functions of the
kind:

1 pHijf

2 oj

ABo pp = ABo pp min,j + ABo,pp maxj (S522)

in the range from about pH 0.9 — 3.3 (j = MG) for all spin probes and additionally from
pH 3.9 — 8.5 for 5-DSA (j = B,0). The obtained fit parameters are given in Table S7. The
resulting Gauss fit curves are shown in Figure S9a—d.
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Table S7. Gaussian fit parameters obtained from ABoppcurves

Parameter 5HSA 2:1 16HSA 2:1 16HSA 1:1
j MG B0 MG MG
pH fit range 1.76 - 2.78 3.87-852 0.89-3.26 1.22-2.66
ABo gp i - 7.829 - 4.222 +0.007
pHj 2.164 +0.024 6.245 + 0.076 1.866 + 0.072 2.007 +0.010
o 0.369 +0.032 0.954 +0.081 0.948 + 0.496 0.127 +0.012
ABo pp maxij - ~0.755 + 0.054 - -0.196 +0.013
FWHM 0.868 2246 2.233 0.298
R?2 0.8997 0.8897 0.8198 0.9714

The transition region from about pH 3 — 9 for 16-DSA was reproduced best with the use of

Boltzmann functions of the kind:

(ABO,pp,min - ABO,pp,max)
1+ e(pH—pHB,o)/dDHB,o

ABy pp = ABy ppmax + (523)

This allows for an estimation of the transition height Igj = ABoppmax — ABoppmin, the transition
midpoint pHs and its corresponding width dpHg,. The fit curves are presented in Figure S9e

and S9f with the respective parameters shown in Table S8.
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Figure S9. Fit curves from ABopp. Gaussian fit curves were applied to reproduce ABopp values from (a) 5-DSA-
probed HSA (2:1 loading) in the acidic range from pH 1.8 — 2.8, (b) 16-DSA-probed HSA (2:1) in the acidic range
from pH 0.9 - 3.3, (c) 16-DSA-probed HSA (1:1) in the acidic range from pH 1.2 — 2.7 and (d) 5-DSA-probed HSA
(2:1) in the neutral range from pH 3.9 — 8.5. All corresponding parameters are given in Table S7. Boltzmann fit
curves were applied to reproduce ABopp values from (e) 16-DSA-probed HSA (2:1) in the neutral range from pH
3.3 = 9.1 and (f) 16-DSA-probed HSA (1:1) in the neutral range from pH 3.1 — 9.1 with a complete set of
parameters given in Table S8.
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Table S8. Boltzmann fit parameters obtained from ABop curves (16-DSA)

Parameter 16HSA 2:1 16HSA 1:1
Fit range 3.26-9.10 3.14-9.08
ABogppmin 4.055 +0.033 4.323 £0.025
ABoppmax 5.428 +0.025 5.246 +0.020

PHso 6.209 + 0.060 6.008 +0.074
dpHgo 0.634 +0.059 0.573 +0.070
R? 0.9929 0.9945

S9 | Further Information about Order Parameters S and Wobbling Angles y

The setup of an order parameter S (see equation 3, Figure 7) for HSA requires knowledge
about the “crystalline” hyperfine coupling tensor values (A;) that can be extracted from
spectral simulations of the bound ligand subspectra (b: and bz, see Table S1). It is here
insufficient to only use the low temperature A; values given in Table S6. However,
experimental (Azisexp = 34.21 G, pH 7.40) values compare well to the simulated ones (Az16sim
= 34.34 G, pH 7.41) of bound fatty acids at physiological pH. With these simulations the
denominator expression (Az;; — Ax) = 28.43 G in equation 3 becomes accessible. For simplicity
it is kept constant at all pH values as the relative changes in the expression (A; — Ax) for
bound fatty acids with pH can be considered as small (well below 6%). The errors for pH-

dependent order parameters S were determined by propagation of uncertainty:

AS = |95
OX

Biso.n 1 iso b (AT - Ai)
A = — - . A AA . . AA A
" [aiso,s (Azz _Axx)J ( A]+ J')-i-(aisoys (Azz _Axx)zj ( 7z T Axx)

_ . 524
+ L (AJ AL) '[Aaiso b+ aISOYb 'Aaiso S ( )
aiso,S (Azz - Axx) , is0,S ’

with AAii = Aaisop = 0.1 G, Aaisop=0.14 — 0.53 G, AA;=0.12 - 0.94 G and AA,; =0.12 - 0.57 G. The
derivation of equation 4b is facilitated straightforward from equation 4a. Thus, substitution

of cosy with x leads to the quadratic expression:

2S =C0Sy + €082y = X + X° (S25)
that yields:
X = @ = C0Sy, = COSy (526)
and therefore:
y = arccos [@] (S27)

14



From equation 527 the error Ay of the wobbling angle is obtained as:

2

o |

Jy
Ay =1 As =
4 ‘as

(S28)

Again, the region from pH 1.2 — 3.6 can be fitted best with appropriate Gaussian functions,
both for the order parameter (Figure S10):

1,2
S=§y+ 15 M€ 2
) (529)
as well as for the wobbling angle:
_1,2
y=ro+tl,mg € 2
(S30)

The parameter z corresponds to the expression in equation S19 and the corresponding fit

parameters are given in Table S9.
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Figure S10. Fit curves from pH-dependent order parameters S and wobbling angles y. Gaussian fit curves were
applied to the pH region from 1.2 — 3.6 of 16-DSA-probed HSA (1:1) in order to reproduce values from (a) order
parameter S and (b) wobbling angle y best. Here, the indentation depths Ismc and I, mc are highlighted in red.

Table S9. Gaussian fit parameters from order parameter (S) and wobbling angle (y) curves

Parameter 16HSA 1:1 Parameter 16HSA 1:1
Fit range 1.22 -3.60 Fit range 1.22 -3.60
So 0.639 +0.007 70 42.596 +0.452
pHwe 2.308 +0.068 pHwe 2.307 +0.068
ovG 0.566 +0.151 ome 0.569 +0.152
Isme -0.0325 + 0.0062 I, M 2.209 +0.427
FWHM 1.334 FWHM 1.340
R? 0.8685 R? 0.8687
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S$10 | Shift of Pmax(r) in DEER Data from pH Denaturation of 16-DSA Spin Probed HSA

The assessment of background dimensionalities in DEER spectroscopy is a delicate subject
and is here only given as a qualitative estimate in Figure S11. However, the pH-dependent
peak shift of Pmax(r) is clearly detectable in Figure 8e and 8f and is depicted in Figure 9a. The
corresponding curve shape was reconstructed by a Boltzmann type function in Origin that

yields values presented in Table S10 for equation 5 in the main text.

Table S10. Fit parameters from equation 5 in the main text

Parameter 16HSA 2:1
Imin 3.455 £0.008
I'max 3.964 +£0.024

pHp.0 6.161 £0.130
dpHro 1.156 + 0.108
R? 0.9972
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Figure S11. DEER background of 16-DSA-probed HSA as a function of pH (2:1 loading). Background dimension-
alities D from DEER time traces of 0.17 mM HSA in Figure 8 are shown as a function of pH. The corresponding
extended (E), fast migrating (F), compact (C) and aged (A) conformers are given in the phase space bar (top lane).
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S11 | Functional Phase Space of HSA as Obtained from EPR Spectroscopy (and DLS)

The construction of Figure 11 was facilitated by a combined set of pH ranges that were
obtained from different parameters from CW EPR (5-MSL HSA, 5-DSA- and 16-DSA-probed
HSA), DEER (16-DSA) and DLS experiments that are summarized in Table S11.

Table S11 | Functional phase onsets of HSA from pH-dependent EPR and DLS experiments?

Method Reporter Data MG F pHag CorN pHa pl Smax B PHopt A pH«
CW EPR 5-MSL Ay - 278 - 3.67 - - - - - >1087 -
% - 278 - 401 - - - 744 958 (>958) -
ng)A Al 213 278 - 3.87 - - - 786 984 (>984) -
A, 2.03 - - - - - - - - - -
ABop 216 2.78 - 3.87 - 6.25 - 8.21 9.43 >11.19 -
16-DSA
A - . - . - - - - - . -
@:1) 1 3.26 4.79 >11.23
A, 2.06 - - - - - - - - - -
ABoyp 187 326 - - - 621 -  (711) (948) (>948) -
Lant - - 3.45 - 439 6.19 - - - - 11.46
h_1/ho - - - - - 6.33 - - - - -
Sty - - - - - - 7.76 - - - -
16-DSA
A . . - X - - - - - . -
(1) I 190 2.66 3.60 >11.02
A, 1.97 - - - - - - - - - -
ABogp 201 3.14 - - - 6.01 - (6.67) (9.76) >11.02 -
Lant - - 3.44 - 426 5.60 - - - - 11.36
h_1/ho - - - - - 6.20 - - - - -
Sty 2.31 - - - - - 7.40 - - - -
DEER 16-DSA A - 257 - 3.83 - - - - - >11.35 -
2:1)
D - 2.12 - 3.83 - - - - - >11.35 -
r - - - 3.83 - 6.16 - - - >11.35 -
DLS - Ry - 3.53 - 4.29 - - - - - >11.70 -
(AM.) 2.05 2.88 345 3.96 433 612 758 7.84 9.62 11.23 11.41
(S.D.) 0.14 039 0.01 0.35 0.09 023 021 0.39 0.21 0.25 0.07

aValues in parentheses are either experimental singularities or were not used for calculations of an
arithmetic mean (A.M.) or a standard deviation (S.D.). Values from PROPKA calculations (Figure 1) and
ANS fluorescence (Figure 2d) were not considered in this list.

An averaged value was determined across all experiments that contain reasonable
peculiarities (values without parentheses). The E form is assumed to occur at pH values
below the onset of the F form (< pH 2.9) and comprises the emergence of the molten globule
(MG) state. Therefore an E form is not explicitly mentioned. The compact form (C) reaches
from the onset of the N form to the onset of the A form and can be subdivided in three
compartments, the N1, B and N2 form.
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