Impact of Urea on Detergent Micelle Properties
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1. Demicellization isotherms for cyclohexyl alkyl maltosides and alkyl glucosides

Figures S1 and S2 depict demicellization isotherms for cyclohexyl alkyl maltosides and alkyl
glucosides, respectively, in the presence of 0-8 M urea.
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Figure S1. Demicellization of cyclohexyl alkyl maltosides at increasing urea concentrations
studied by ITC at 25°C. (A-D) Normalized heats of reaction, Q, versus average detergent
concentration in the cell during the injection,c,,, at urea concentrations of 0-8 M.
Experimental data (open circles) and sigmoid fits (solid lines) according to Eq. 1 are shown
for detergents having chain lengths of (A) 12, (B) 11, (C) 10, and (D) 9 C-atoms.
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Figure S2. Demicellization of alkyl glucosides at increasing urea concentrations studied by
ITC at 25°C. Normalized heats of reaction, Q, versus average detergent concentration in the
cell during the injection, c,,, at urea concentrations of 0-8 M. Experimental data (open

circles) and sigmoid fits (solid lines) according to Eq. 1 are shown for detergents having chain
lengths of (A) 9 and (B) 8 C-atoms.



2. CMC and K™ values in tabular form

Tables S1 and S2 provide all CMC and K™ values, respectively, in tabular form.

Table S1. CMC values for alkyl maltosides, cyclohexyl alkyl maltosides (CyMals), and alkyl

glucosides with chain lengths of 8—12 C-atoms.

CMC (mM)
Curea Maltosides CyMals Glucosides
M) C8 c9 C10 Cl1 Cl12 c9 C10 Cl1 C12 C8 Cc9
0 216 685 203 0588 0.150 | 2577 725 225 0.607 | 230 7.30
2 309 989 307 0928 0256 | 364 11.1 3.69 1.03 299 9.51
4 41.3 140 454 145 0453 | 505 163  5.66 1.73 38.6 12.9
6 539 198  6.67 220 0658 | 678 238 843 2.67 493 164
8 752% 246  8.78 3.24 1.08 944  34.6 12.7 4.08 630 18.9%*

*Estimate only because of very shallow demicellization isotherm (Figure 2F). **Value at 7 M
urea because of NG precipitation at 8 M urea.

Table S2. Mole fraction partition coefficients, K™, for alkyl maltosides, cyclohexyl alkyl
maltosides (CyMals), and alkyl glucosides with chain lengths of 8—12 C-atoms.

K™ x 107
Curea Maltosides CyMals Glucosides
M) C8 c9 C10 Cl11 C12 c9 C10 Cl11 C12 C8 C9
0 2.57 8.10 273 944 370 216 7.65 247 915 | 242 7.60
2 1.80 561 181 5938 216 152 499 150 541 1.85 5.83
4 1.34 397 122 383 122 1.10 340 980 320 144 431
6 1.03 280 833 252 845 |0819 233 659 208 1.13 3.37
8 0.738* 226 632 17.1 516 (0588 1.60 4.37 136 | 0.882 2.93%%*

*Estimate only because of very shallow demicellization isotherm (Figure 2F). **Value at 7 M
urea because of NG precipitation at 8 M urea.



3. Comparison of CMC values in buffer

All CMC values determined in the absence of urea in this study are in fair agreement with
literature values obtained in water and simple salt solutions compiled in Table S3.

Table S3. Comparison of CMC values and mean aggregation numbers in water, simple salt
solutions, or buffer for alkyl maltosides (M), cyclohexyl alkyl maltosides (C), and alkyl
glucosides (G) with chain lengths of 8—12 C-atoms.

CMC (mM) agg. no.
this H,0 NaCI* buffer H,0 buffer
study
19.5%%%*; 6*; b
M C8 | 216 23.3 (1) 25 (2) 26 (3) 35-7171" (4)
c9 | 69 6.0%, 25%
' 7.6 (1)
1.8 (5); . ; . 82-90"" (7);
C10 | 2.0 21 (1) 1.8 1.9 (6) 69 86104 (4)
0.59%; «
C11 | 0.59 0.64 (1) 71
0.17 (8); . + 78-149 (8); | 135-145"" (7);
CI20 015 6 1701) 0.12 0.18°(6) | 1309y | 135-15571" (4)
C C9 | 257 34.5% 29.0% 5%
Cc10 | 7.3 7.6% 7.3% 25%
Cll | 23 2.4-5.0% 2.0% 47%
Cc12 | 0.61 0.56* 91%*
18-20 (10); 21.87 (6); ] o anttt
G C8 | 230 23 (11.12) 23.4 (13) 296 (14) 27-100 (10) | 80-1007"" (7)
C9 7.3 6.5% 6.0 (15) 133* 230-260""" (7)

#, 0.1-0.15 M; *, Anatrace catalog; **, 20 mM HEPES; *** 10 mM glycine (pH 10), 2 mM
EDTA; ', 10mM HEPES (pH7.2), 0.1 mM EDTA, 0.02% sodium azide; ', 10 mM
potassium phosphate (pH 7.1), 150 mM KF; 7", 20 mM phosphate (pH 6.2), 150 mM NaCl.



4. Micellization thermodynamics and increments per methylene group in buffer

Figure S3 shows that AG ™, AH ™, and ~TAS"™ depend linearly on the chain length of alkyl
maltosides and cyclohexyl alkyl maltosides. In the absence of urea, the average increments
per methylene group are AJAG ™/on=-3.1kJ/mol, 0AH ™/dn=-1.6kJ/mol, and -
OTAS ™ /on =—-1.6 kJ/mol for alkyl maltosides as well as JAG™/dn =-3.1kJ/mol,
OAH"/on = —1.8 kJ/mol, and —dTAS "™/on =—1.3 kJ/mol for cyclohexyl alkyl maltosides.
These values agree excellently with AG™™/dn = 3.1 kJ/mol, dAH "™/dn = -2.0 kJ/mol, and
—dTAS™/dn = —1.0 kJ/mol reported for various hydrocarbons, alcohols, single-chain
amphiphiles, and lysophosphatidylcholines (see ref. (16) and references cited therein).
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Figure S3. Influence of alkyl chain length, n, on the thermodynamics of micelle formation.
(A and C) Alkyl maltosides and (B and D) cyclohexyl alkyl maltosides at different urea
concentrations. (Top) Standard molar Gibbs free energy change upon micellization, AG ™.
Experimental data (open circles) from Eq.5 and linear fits (solid lines). (Bottom) Standard
molar changes (denoted as AY°"™) in enthalpy, AH°>™ (open circles), and entropy, —TAS®™
(open diamonds), obtained from Egs. 2 and 6, respectively, and linear fits (solid lines).



5. Micelle sizes in buffer

To determine the micelle size by DLS, each detergent was used at such a concentration above
its CMC that the concentration of micellar detergent was identical at all urea concentrations.
For instance, a micellar concentration of 50 mM DDM required a total detergent
concentration of 50.15 mM in the absence of urea (where CMC = 0.15 mM) but 51.08 mM at
8 M urea (where CMC = 1.08 mM). The micellar concentration was increased from long- to
short-chain detergents to compensate for reduced light scattering. Figure S4 summarizes the
results obtained from triplicate DLS measurements on alkyl maltoside (A) and cyclohexyl
alkyl maltoside (B) micelles in buffer. The increments in the Z-average diameter per
methylene group were determined as ~0.45 nm in the case of alkyl maltosides and ~0.60 nm
for cyclohexyl alkyl maltosides.
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Figure S4. Variation of micelle size with alkyl chain length as assessed by DLS at 25°C.
Normalized autocorrelation functions, C(7), versus delay time,t. (A) Alkyl maltosides and
(B) cyclohexyl alkyl maltosides with 8-12 C-atoms in their apolar chains. (Insets) Mean
values of the Z-average diameter from triplicate measurements as functions of alkyl chain
length, n. Experimental data (open circles) and linear fits (solid lines) for (A) alkyl maltosides
and (B) cyclohexyl alkyl maltosides at different urea concentrations.
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