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Ternary phase diagrams for ABS composed of A) [CCiIm][C4F9SO3] or

[N1112(0m)I[C4F9SO3] + [Ni112(0m) I[H2PO4] + water, B) [CoCqIm][C4F9SO3] or [C4CiIm][CF3503] +
Sucrose + water, and C) [CoC1Im][C4F9SO3] or [CoC1Im][CF3503] + K3PO,4 + water, at 25 °C and
atmospheric pressure [1]. Demixing is not verified for [C,C;Im][CF3SO3] with sucrose [1]. The

studied BPs are detailed in Table 1.
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Figure S2. DSC curve and Two State Scaled Model fit of 1 mg/mL BSA in water. The scan rate
was 1.0 °C/min with Heat capacity (Cp) as a function of Temperature, exo-up. Two experiments
are plotted, to illustrate the variance verified due to BSA dimer (BSA was used as received, without
further purification, size exclusion chromatography was not performed in order to isolate BSA
monomer and ensure its monodispersity as done in a previous work of the authors [2]). The obtained
BSA Ty, of the different attained experiments is 75.59+3.68 °C (Table 2).

[C4C1Im][CF3503] B) IN1112(0H)lIH2PO4] -C) Sucrose
40000 — 00mM—- 25mM 40000 — 00mM—- 25mM 40000 By — 00mM—- 25mM
~~~~~~ 0.1 mM 55 mM A e 0AmM 55 mM e 0AmM 55 mM
. —— 10mM—-90mm | _ Y —— 10mM—-90mM | —— 10mM—~— 90mM
m — 50mM— 120mM | @ L — 50mM— 120mM | @ N — 50mM — 120mM
& 20000 @ 20000 @ 20000
=) = <
= z >
S S S
g o 8 o0 5 o
w w w
-20000 -20000 20000 |
BSA BSA BSA
200 220 240 260 200 220 240 260 200 220 240 260
Wavelenght (nm) Wavelenght (nm) Wavelenght (nm)

Figure S3. CD spectra of BSA 1.0 mg/ml in water, A) 0.1 mM - 200 mM [C4C;Im][CF3SO3] B) 0.1 mM
-200 mM [Ny113(0opn)1[H2PO4] and C€) 0.1 mM - 200 mM sucrose. All spectra were acquired at 25 °C.
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Figure S4. Spectra of A) IFN-a2b and C) BSA in 200 mM [C,C1Im][C4F9SOs3] collected as a function
of temperature from 5 °C (full black) to 93 °C (dotted black). Ellipticity values for each temperature

curve at 222nm (symbols) and fitting with sigmoid 4 parameters for B) IFN-a2b (no fitting) and D)
BSA.
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Figure S5. Spectra of IFN-a2b in A) water, and in 200 mM D) [C,;C1Im][C4F9SO3] and G)
[N1112(OH)][C4F9SO3] collected as a function of temperature from 5 °C (full black) to 93 °C (dot-
ted black). Ellipticity values for each temperature curve at 192nm and 208nm (symbols) and fit-
ting with sigmoid 4 parameters for B) and C) water, E) and F) [CoC1Im][C4F9SO3] and H) and I)
[N1112(0m)1[C4F9SO3] respectively.
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S6. Spectra of BSA in A) water, and in 200 mM D) [C,CiIm][C4F9SO3] and G)

[N1112(OH)][C4F9803] collected as a function of temperature from 5 °C (full black) to 93 °C (dot-
ted black). Ellipticity values for each temperature curve at 192nm and 208nm (symbols) and fit-
ting with sigmoid 4 parameters for B) and C) water, E) and F) [CoC1Im][C4F9SO3] and H) and I)
[N1112(0m)1[C4F9SO3] respectively.



Version February 22, 2024 submitted to Int. ]. Mol. Sci. S7 of S22

50000 -4000 4000
B) (= D)— sigmeia s param
R E;—”"“‘"’ b P @ Elipticty 2220m
40000 -8000 pticity at 208nm = -8000
S0 S-12000 £ 12000
2 2 2
S S S
520000 516000 516000
[} o % w
10000 20000 @ 20000
—— Sigmoid 4 param.
[C.C/im][CF,SO,] ®  Elipticity at 1920m
° -24000 24000
200 220 240 260 ) 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Wavelenght (nm) Temperature (°C) Temperature (°C) Temperature (°C)
48000 9000 ) -6000 ) -8000 H)
G| —— Sigmoid4 param.
.
swlee 0= =% 2;.1";:’ “Q‘D;;:'m @ Eligticity 2220m
i
-12000 -9000 coma
QJ 24000 o my {12000
< £ 15000 L1 <
2 12000 = = =
] g ] 3
s ... 8-18000 a1 a
w [ o o 516000
-21000 ~18000
12000 —— Sigmoid 4 param
N,y 12000H,PO, @ Eliipticity at 192nm
-24000 -24000 -21000 20000
200 220 240 21 0 20 40 60 80 100 [ 20 4 60 80 100 0 2 40 60 80 100
Wavelenght (nm) Temperature (°C) Temperature (°C) Temperature (°C)
42000 ) -4000 -4000 m
_ Sigmoid 4 param. =g/ Somoid ¢ petans
®  Elipticity at 208nm ©  Eliglicly 2220m
35000 -8000 o -8000
my @ fmy &
4 Z 28000 £-12000 Z 12000
z > > s
2 S 3 £
s 521000 516000 3 16000
o i o [
14000 20000 20000
—— Sigmoid 4 param.
Sucrose ® Elipticity at 192nm
7000 -24000 24000
200 220 240 260 0 20 40 60 80 100 o 20 40 60 80 100 o 20 40 60 80 100
Wavelenght (nm) Temperature (°C) Temperature (°C) Temperature (°C)

Figure S7. Spectra of BSA in 200 mM of A) [C4C;Im][CF3503], E) [N 1112(OH)][H2PO4] and I) sucrose
collected as a function of temperature from 5 °C (black) to 93 °C (dotted black). Ellipticity values for
each temperature curve at 192nm, 208nm and 222nm (symbols) and fitting with sigmoid 4 parameters
for B), C) and D) [C4C1Im][CF3503] F), G) and H) [N1112(0H)][H2PO4] and J), K) and L) sucrose,
respectively.
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Figure S8. A) IFN-a2b and B) BSA extraction efficiencies (%EE) and pH of ionic liquid (fluorinated IL
pH and %EE values are summarized in Tables 1 and 4, respectively.
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Figure S9. A) IFN-a2b and B) BSA extraction efficiencies (%EE; Equation (1)) and amount of water

(%wt) in each phase of the studied biphasic points, BP#1-BP#8. All %wt water and %EE values are

summarized in Tables 1 and 4, respectively.
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Figure S11. A) IFN-a2b and B) BSA extraction efficiencies (%EE) and amount of non-ionic liquid

(non-fluorinated IL (non-FIL) or non-mere fluoro-containing (non-IL); %wt) in each phase of the

studied biphasic points, BP#1-BP#8. All %wt non-ionic liquid and %EE values are summarized in

Tables 1 and 4, respectively.
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Figure S12. A) IFN-a2b and B) BSA extraction efficiencies (%EE) and volume ratio (volume IL/FIL-

rp/volume non-IL/FIL-rp) of the studied biphasic points, BP#1-BP#8. All volume ratio and %EE

values are summarized in Tables 1 and 4, respectively.
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Figure S13. Spectra of A) IFN-a2b and D) BSA in FIL-rp and non-FIL-rp, respectively, of the biphasic
point 30 %wt [N1112(OH)][C4F9803] + 30 %wt [N1112(OH)][H2PO4] (BP#8) collected as a function of
temperature from 5 °C (full black) to 93 °C (dotted black). Ellipticity values for each temperature
curve at 192 nm and 208 nm (symbols) and fitting with sigmoid 4 parameters for B) and C) IFN, and
E) and F) BSA, respectively.
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Figure S14. DSC curve and Two State Scaled Model fit of A) 1 mg/mL BSA in water (reference) and
1.2-1.6 mg/ml BSA in [Ny115(op) [[H2PO4]-rich phase (partition of 1.0 mg/ml BSA in BP#8, 30 %wt
[N1112(OH)][C4F9503] +30 %wt [N1112(OH)][H2PO4]) and B) 0.25 mg/mL BSA in water (reference)
and 0.25 mg/ml BSA resuspended in water (recovered from [CoCjIm][C4F9SO3]-rich phase of BP#5
in the partition of 1.0 mg/ml BSA, 30 %ewt [C2CIm][C4F9SO3] + 6 % wt[Ny115(0p)1[H2PO4], and
re-suspended in water). The scan rate was 1.0 °C/min with Heat capacity (Cp) as a function of
Temperature, exo-up. All BSA T, are summarized in Table 6.
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Figure S15. Monochromatic version of SDS-PAGE analysis of standard protein marker (protein
ladder), IFN-a2b and BSA standard, FIL-rich phase and non-FIL-rich phase ([N1115(om)|[H2PO4]-
rich phase and K3POjy-rich phase) sample from individual partition (lane label, IFN or BSA), and
FIL-rich phase and non-FIL-rich phase sample from simultaneous partition (lane label, IFN+BSA)
stained with Coomassie blue. A) BP#8, 30 %wt [N1112(OH)][C4F9503] + 30 %wt [N1112(OH)][H2PO4]'
B) BP#7, 30 %wt [CoC1Im][C4F9SO3] + 20 %wt [N1112(0H)][H2PO4]' C) and D) BP#2, 30 %wt
[CoCiIm][C4FoSO3] + 2 %wt K3POy4. All SDS-PAGE profiles are identified at the top of each gel
image. A detailed identification of all lanes is summarized in Table S3 of Supplementary Materials.
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Figure S16. SDS-PAGE analysis of standard protein marker (protein ladder), IFN-a2b stan-
dard, and ionic liquid-rich phase ([CoCqIm][CF3SO3]-rich phase, [C4C1Im][CF350;3]-rich phase,
[C2CqIm][C4F9SO;z]-rich phase, and [Nlllz(OH)][C4F9803]—rich phase) and non-ionic liquid-rich
phase (K3POy-rich phase, sucrose-rich phase, and [Ny115(op) [[H2PO4]-rich phase) sample from indi-
vidual partition of IFN-a2b (lane label, IFN) stained with Coomassie blue. The monochromatic version
is also depicted in the bottom row. A) BP#1, 30 %wt [CoC1Im][CF3503] + 10 %wt K3POy, and BP#2,
BP#2, 30 %wt [CoC1Im][C4FoSO3] + 2 %wt K3POy. B) BP#3, 30 %wt [C4C1Im][CF3S03] + 25 %wt su-
crose, and BP#4, 30 %wt [CoC1Im][C4F9SO3] + 25 %wt sucrose. C) BP#5, 30 %wt [CoC1Im][C4F9SO3]
+ 6 %wt [N1112(OH)][H2PO4]/ BP#7, 30 %wt [Czcllm][C4ngO3] + 20 %wt [N1112(OH)][H2PO4]/ and
BP#8, 30 %wt [N1112(0m)l[C4FoSO3] + 30 %wt [N1115(0p) [[H2PO4]. All SDS-PAGE profiles are identi-
fied at the top of each gel image. A detailed identification of all lanes is summarized in Table S4 of
Supplementary Materials.
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Figure S17. SDS-PAGE analysis of standard protein marker (protein ladder), BSA standard, and ionic
liquid-rich phase ([C2C1Im][CF3S03]-rich phase, [C4C1Im][CF3SO3]-rich phase, [CoC1Im][C4F9SO3]-
rich phase, and [Nnu(OH)][C4F9803]—rich phase) and non-ionic liquid-rich phase (K3POjy-rich
phase, sucrose-rich phase, and [Ny;15(op) [[H2POg]-rich phase) sample from individual partition
of BSA (lane label, BSA) stained with Coomassie blue. The monochromatic version is also de-
picted in the bottom row. A) BP#1, 30 %wt [CoC1Im][CF3503] + 10 %wt K3POy, and BP#2, 30 %wt
[CoC1Im][C4F9SO3] + 2 %wt K3POy. B) BP#3, 30 %wt [C4C1Im][CF3503] + 25 %wt sucrose, and
BP#4, 30 %wt [CoC1Im][C4F9SO3] + 25 %wt sucrose. C) BP#5, 30 %owt [CoC1Im][C4F9SO3] + 6 Y%owt
[Nlllz(OH)][H2P04]/ BP#7, 30 %wt [C2C11m][C4F9803] + 20 %wt [N1112(OH)][H2PO4]' and BP#S,
30 %wt [N1115(0n) [[C4F9SO3] + 30 %wt [N1115(0p) I[H2PO4]. All SDS-PAGE profiles are identified
at the top of each gel image. A detailed identification of all lanes is summarized in Table S5 of
Supplementary Materials.



Version February 22, 2024 submitted to Int. ]. Mol. Sci. S17 of S22

Table S1. Critical Aggregation Concentration, CAC, of [CyCqIm][C4F9SOs]and
[Nlllz(OH)][C4F9803]in aqueous solution at 25 °C [3].

[C2C1Im][C4FoSOs1mM)*  [Ny312(0m) ICsFoSO3]1(mM)*

1t CAC 14.40 16.02
2nd CAC 34.48 35.17
34 CAC 76.54 185.65
4th CAC 106.09 n.d.

*Determined by ITC; ¥Determined by Conductometry.

Table S2. T, (°C) of 0.125 mg/ml IFN-a2b and 1.0 mg/ml BSA, determined using CD spectra
thermal analysis, in water and 200 mM ABS phase-forming component aqueous solution (Figure 3
and Figure S7 of Supplementary Materials).

Tm (°C)
Ellipticity  Ellipticity Ellipticity
222nm 208nm 192nm
Water 67.548 66.156 63.311
IFN  [Nyjpp0m)l[C4FoSOs] 56542 61234 35992
[CzCllm][C4F9803] n.d. n.d. 53.633
Water 76.277 74.616 74.028

[N1112(0m) I[C4FoSOs] 176,497 92.409  282.372
[CoCiIm][CyFoSO3] 253.191 169.565 179.050
[C4C1Im][CF3S0s] 74.833 77.089 75.050
[N1112(0m) I[H2PO4] 66.702 76.945 65.691
Sucrose 71.977 73.063 70.098

BSA

Table S3. BSA extraction efficiency (%EE; Equation (1)) for the ABS systems BP#2 (30 %wt
[CoC{IM][C4F9SO3] + 2 %wt K3POy), BP#3 (30 %wt [CoCiIm][C4F9SO3] + 25 %wt sucrose) and
BP#8 (30 %wt [N1112(0m)[C4F9SO3] + 30 %wt [N1115(0p) [[H2PO4]). Protein concentration in both
ABS phases quantified by BCA and bradford coomassie protein assay. The %EE are the result of at
least 3 partition experiments.

BCA bradford coomassie
BP#  ABS system composition (%wt) %EE (IL-rp) %EE(non-IL-rp) %EE (IL-rp)  %EE(non-IL-rp)

30% [C2C1 Im] [C4F9 503]

+ +
BP#2 + 2% KaPO, 0.00 +5.23 5.26 + 0.00 0.00 0.00
BP#4 30 /°0[C2C11m][C4F9SO3] 0.00" 0.41 + 0.41 3.66 + 0.09 0.00*
+ 25% Sucrose
gpag  o0re IN1mz(om) [[C4FsSOs] 0.00t 13.69 £ 7.15 n.d. n.d.

+30% [Ni112(0m)1[H2PO4]

*no standard deviation due to protein quantification under detection limit (0.02 mg/mL, BCA; 0.001 mg/mL,

bradford coomassie).
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Table S4. Discriminated identification of the samples loaded in each of the lanes corresponding to

the gels displayed in Figure 8 and Figure 515 of Supplementary Materials (monochromatic version).

SDS-PAGE

lane identification

Figure 8 A
BP#8

Figure 8 B
BP#7

Figure 8 C
BP#2 IFN-rich phase

Figure 8 D
BP#2 BSA-rich phase

lane 1, protein ladder; lane 2, BSA standard solution; lane 3, IFN standard solution;
lane 4, empty lane; lane 5, [N1115(0m) [[C4FoSO3]-rp individual IFN partition;

lane 6, [N1112(0mH)[[C4F9SOs3]-rp IFN + BSA partition; lane 7, empty lane;

lane 8, [Nj112(0m)[C4F9oSOs]-rp individual BSA partition;

lane 9, [Nlllz(OH)][HzPO4]—rp individual BSA partition;

lane 10, [Ny115(0n)[[H2PO4]-rp IFN+BSA partition;

lane 11, [Ny112(0on)l[H2PO4]-rp individual IFN partition; lane 12, empty lane.

lane 1, protein ladder; lane 2, BSA standard solution; lane 3, IFN standard solution;
lane 4, empty lane; lane 5, [CoC1Im][C4F9SOs]-rp individual IFN partition;

lane 6, [CoC1Im][C4F9SOs3]-rp IFN+BSA partition; lane 7, empty lane;

lane 8, [C2C1Im][C4F9SOs]-rp individual BSA partition;

lane 9, [Nlllz(OH)][HZPO4]—rp individual BSA partition;

lane 10, [Ny112(0p) I[H2PO4]-rp IFN+BSA partition;

lane 11, [Nyy15(om) I[H2PO4]-rp individual IFN partition; lane 12, empty lane.

lane 1, protein ladder; lane 2, empty lane; lane 3, IFN standard solution;
lane 4, K3PO4-rp individual IFN partition;

lane 5, [C2C1Im][C4F9SOs]-rp individual IFN partition; lane 6, empty lane;
lane 7, [C2C1Im][C4F9SOs3]-rp IFN+BSA partition; lane 8, empty lane.

lane 1, protein ladder; lane 2, empty lane; lane 3, BSA standard solution;

lane 4, empty lane; lane 5, [CoC1Im][C4F9SO3]-rp individual BSA partition;

lane 6, empty lane; lane 7, K3POy-rp individual BSA partition; lane 8, empty lane;
lane 9, K3PO4-rp IFN+BSA partition; lane 10, empty lane.
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Table S5. Discriminated identification of the samples loaded in each of the lanes corresponding to

the gels displayed in Figure S16 of Supplementary Materials.

SDS-PAGE

lane identification

Figure 516 A
BP#1 and BP#2

Figure S16 B
BP#3 and BP#4

Figure S16 C
BP#5, BP#7 and BP#8

lane 1, protein ladder; lane 2, empty lane; lane 3, IFN standard solution;
lane 4, empty lane; lane 5, K3PO4-1p BP#1%; lane 6, empty lane;

lane 7, [CoC1Im][CF3503]-rp BP#1; lane 8, [CoC1Im][CF35O3]-rp BP#1%;
lane 9, empty lane; lane 10, K3PO,-rp BP#2%;

lane 11, empty lane; lane 12, [CoCIm][C4F9SOs3]-rp BP#2%.

lane 1, protein ladder; lane 2, empty lane; lane 3, IFN standard solution;
lane 4, empty lane; lane 5, Sucrose-rp BP#3; lane 6, Sucrose-rp BP#3¥;
lane 7, [C4C1Im][CF3503]-rp BP#3%; lane 8, empty lane;

lane 9, Sucrose-rp BP#4; lane 10, Sucrose-rp BP#4%;

lane 11, [CoC1Im][C4F9SO3]-rp BP#4%; lane 12, empty lane.

lane 1, protein ladder; lane 2, IFN standard solution;

lane 3, [CoC1Im][C4F9SOsz]-rp BP#5; lane 4, [CoC1Im][C4F9SOs]-rp BP#7;
lane 5, [N1112(0H)HC4F9SO3]‘1’P BP#8; lane 6, empty lane;

lane 7, [Ny11p(0pr) I[H2PO4]-rp BP#5%; lane 8, [N1112(0m)[[H2PO4 ]-rp BP#7%;
lane 9, [Nyy12(0pr) I[H2PO4]-rp BP#8; lane 10, [Ny11p(opy) I[H2PO4]-rp BP#5F;
lane 11, [Nyy12(0m) [H2PO4)-rp BP#7%; lane 12, [Ny115(op) [[H2PO4]-rp BP#8E.

f

amount of protein lower than 0.5 yg, due to the used dilution factor equal to the counterpart ABS phase (0.5 ug

of protein). counterpart ABS phase in adjacent lane, left or right.
famount of protein lower than 0.5 pg, or lower than 15 ng (determined detection limit), thus sampling without
dilution. correspondent counterparts maintaining sampling without dilution (> 0.5 ug).
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Table S6. Discriminated identification of the samples loaded in each of the lanes corresponding to

the gels displayed in Figure S17 of Supplementary Materials.

SDS-PAGE

lane identification

Figure S17 A
BP#1 and BP#2

Figure S17 B
BP#3 and BP#4

Figure 517 C
BP#5, BP#7 and BP#8

lane 1, protein ladder; lane 2, BSA standard solution; lane 3, K3PO4-rp BP#1;
lane 4, K3POy-rp BP#1%; lane 5, [C2CiIm][CF3SO3]-rp BP#1; lane 6, empty lane;
lane 7, empty lane; lane 8, KsPOy4-rp BP#2; lane 9, [CoC1Im][C4F9SO3]-1p BP#2t;
lane 10, [CoCIm][C4F9SOz]-rp BP#2; lane 11, empty lane; and 12, empty lane.

lane 1, protein ladder; lane 2, BSA standard solution; lane 3, empty lane;

lane 4, [CoCqIm][C4F9SO3]-rp BP#4; lane 5, [CoC1Im][C4F9SOs3]-rp BP#4F;

lane 6, Sucrose-rp BP#4; lane 7, empty lane; lane 8, [C4C;Im][CF3SO3]-rp BP#3;
lane 9, Sucrose-rp BP#3; lane 10, Sucrose-rp BP#4t;

lane 11, empty lane; lane 12, empty lane.

lane 1, protein ladder; lane 2, BSA standard solution; lane 3, empty lane;

lane 4, [N1112(0n) [[H2PO4]-rp BP#5; lane 5, [Ny11(on) I[H2PO4l-rp BP#5%;
lane 6, [Co,C1Im][C4F9SO3]-rp BP#5; lane7, [N1112(OH)][H2PO4]'TP BP#7;

lane 8, [CoC1Im][C4F9SO3]-rp BP#7; lane 9, [CoC1Im][C4F9SOs3]-rp BP#7;
lane 10, [N1112(0H)][H2PO4]'1'P BP#8; lane 11, [N1112(0H>][C4F9SO3]-rp BP#8t;
lane 12, [Nlllz(oﬁ)][C4F9503]-rp BP#8.

¥

amount of protein lower than 0.5 pig, due to the used dilution factor equal to the counterpart ABS phase (0.5 g

of protein). counterpart ABS phase in adjacent lane, left or right.
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Table S7. Name, acronym, and chemical structure of all ABS phase-forming components.
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trifluoromethanesulfonate

globular protein stabilizers

e
choline ((2-hydroxyethyl)trimethylammonium) SN |

ORI Y [N1112(0m)][H2PO4] " OH
dihydrogen phosphate

sucrose Sucrose &

high-charge density salts
K

K* o

Potassium phosphate tribasic K3PO4 K
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