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1. Chemicals used in this work

Table S1. Chemicals used in this work.

CAS- Mi/ . Purity
Substance number g-mol- Supplier %)
iy Sigma
Enolase (Saccharomyces cerevisiae) 9014-08-8 93,069 Aldrich -
Phospho(enol)pyruvic acid Sigma
23-68- 190.02 .
monosodium salt hydrate 53823-68-0 200 Aldrich 989
Phosphoglucose isomerase type III from 9001-41-6 119,500 Slgrr}a- )
baker’s yeast Aldrich
Fructose 6 — phosphate disodium salt 26177-86-6 304.00 Alfa Aesar 95
MOPS 1132-61-2 209.27 AppliChem >99.5
Magnesium chloride hexahydrate 7791-18-6 203.3 AppliChem -
HE L
Sodium chloride 7647-14-5 58. 4 ¢ I\T/[ES OLU 299
Sodium hydroxide 1310-73-2 40.00 Roth =98
HEPES 7365-45-9 238.31 Roth >99.5
Dipotassium hydrogen phosphate 7758-11-4 174.18 Roth >99
Potassium dihydrogen phosphate 7778-77-0 136.09 Roth =99

Purities are given in percent by mass. Suppliers are: Sigma Aldrich (Sigma-Aldrich Chemie GmbH, Steinheim,
Germany), Roth (Bernd Kraft, Duisburg, Germany), AppliChem (AppliChem GmbH, Darmstadt, Germany),
CHEMSOLUTE (Th. Geyer GmbH & Co. KG,Renningen, Germany), Alfa Aesar (Thermo Fisher (Kandel) GmbH,
Kandel, Germany).

2. ePC-SAFT

Activity coefficients were predicted with the equation of state ePC-SAFT. ePC-SAFT as proposed by
Held et al. [1] is based on the original version of PC-SAFT from Gross and Sadowski [2]. It is a revised
version from ePC-SAFT developed by Cameretti et al. [3] and allows accounting for interactions
between anions and cations which are present in the reaction medium.

The prediction of activity coefficients or other thermodynamic properties with ePC-SAFT is based on
the calculation of the residual Helmholtz energy A™ from different contributions that are shown in
eq. S1.

Ares = Ahc +Adisp + Aassoc +Aion (S1)

The first of the four contributions is the Helmholtz energy A" of the hard-chain fluid, which is the
reference fluid. The reference hard-chain system is itself composed of hard spheres. The other
contributions account for perturbations to this reference fluid. The second contribution A%*? includes
molecular dispersive interactions related to van der Waals forces. The third contribution A%**°¢ includes
associative interactions related to hydrogen bonding forces. The fourth contribution A" includes ionic
interactions and is described by a Debye-Hiickel expression. The calculation of these four contributions
with ePC-SAFT requires pure-component parameters and optionally binary parameters. Two of the
pure-component parameters are the segment number m;? and the segment diameter o; that describe
the volume of the hard-chain reference system. Furthermore, the dispersion-energy parameter u;/kp
including the Boltzmann constant k; describes the dispersive interactions considered in A%SP. The
hydrogen-bonding forces considered in A%%S°° are described by the association-energy parameter
€418 /ky and the association-volume parameter k#%i. Last, the number of association sites N*° and
the charge of an ion g are required.

Mixtures of substances are described using mixing rules to combine the pure-component parameters of
the different substances. Lorentz-Berthelot [4] combining rules are used to determine the combined



segment diameter o;; and the combined dispersion-energy parameter u;;/kz of components i and j
according to Eqs.S2 and S3.

1
gjj = E(O-i + 05) (52)
ul-j = 1/'Ll,i'l,l,j(]. — kl]) (53)

For mixtures, the binary interaction parameter k;; is used to correct for deviations of u;; from the
geometric mean of u; and u;. Further, the association parameters £%i®j and k“i®/ of two components i
and j in a mixture were determined using the mixing rules proposed by Wolbach and Sandler [5].

1
sAiBj — > (e4iBi 4 g4iB)) (54)
0;0 3
KAiBj — ,/K-AiBiKAij ; (85)
O.S(O’i + O'])

Table S2. ePC-SAFT parameters applied in this work with the sources for the respective sets of parameters. For
2PG the parameters of its isomer 3PG were used.

gAiBi

m;? ; iy ky N / Ky KAiBi kin,o0 z Source
- A K - K - - -

PEP 12.007 2.200 407.3 2+2 5000 0.1 a -2 [6]
2-PG 3.110 4.660 322.0 5+5 501.2 104 b -2 [7]
(81,

G6P 22.329 2.227 243.3 5+5 5000 0.1 -0.095 - TW(kij)*
(8],

Feér 35.594 1.810 198.5 5+5 5000 0.1 -0.255 - TW(kij)*
MOPS 15.697 2.271 171.6 2+2 4418 0.001 -0.150 - [9]

HEPES 11.787 2.708 141.88 2+2 2645 0.043 -0.1798 0 TW**

H,POj; © 1 3.651 95.0 - - - 0.25 -1 [1]
HPO? d 1 2162 146.0 - - - 025 2 1]
water 1.205 e 353.9 1+1 2426 0.0451 - - [10]
Naf 1 2823 2300 - : ; : 1 1]
Mg 1 3133 1500 - - - 025 w2 1]
Cl- 1 2.756 170.0 - - - -0.25 -1 [1]

* TW(Kkij): the ki between G6P* and F6P* were refitted in this work to osmotic coefficient data from ref. [8] of
water/G6PK:2 and water/F6PK: solutions, using the reference state infinite dilution in water. ** TW: parameters

fitted in this work to osmotic coefficients and density data from Table S3.

* kpgpwater = -0.005083 T/K + 1.3316 [6]

b K3_pgwater = 0.002033 T/K - 0.7064 [7]

 kyy,poz va+ = -0.071 18]

@ kypoz- yq+ = -1.000 [9]

© Gyater = 2.7927 +10.11 exp(-0.01775 T/K) - 1.417 exp(-0.01146 T/K) [10]
Fleyg+ ci- = 0.3166 [11]

8 kya* water= -0-007981 T/K +2.3799 [12]

P kygg2t - = 0.817 [13]



Osmotic coefficients and mixture densities of aqueous HEPES solutions at 25°C and 1 bar have been
measured. Freezing-point osmometer FPO (Gonotec O10) and a vibrating U-tube densimeter (Anton-
Paar DMA 4200) have been used for that purpose. All samples were prepared only once, and all
measurements were carried out at least in triplicates. O10 apparatus was calibrated with water and a
300 mosm kg standard NaCl solution. The DMA apparatus was calibrated with water and air at
ambient pressure. The results are given in Table S3.

Table S3. Experimental osmotic coefficients ¢ of water+HEPES solutions obtained by FPO in this work and
experimental densities p of aqueous HEPES solutions obtained by DMA 4200 at 25 °C in this work.
Molality Mole Fraction

IMHEPES ¢ XHEPES p
(molkg') () at pH4 () (kg (me))

0.1 1.00 0.000899 1000.756

1 1.09 0.001795 1004.281
1.4 1.20 0.005369 1018.052
0.007141 1024.621

0.008926 1031.396

0.010666 1037.280

0.017686 1059.576

0.043089 1125.936

0.067110 1167.464

0.082408 1190.317

3. Statistics

Table S4. Statistical parameters of reaction 2 from Noor and flux-force models.

Reaction 2 Noor Flux-force
conditions replicates R? R?
298.15K 1 0.99959 0.99855
2 0.99957 0.99767
3 0.99668 0.99894
305.15K 1 0.99634 0.99935
2 0.99909 0.99942
3 0.95286 0.99911
310.15K 1 0.99972 0.99921
2 0.99968 0.99922
3 0.99962 0.99904




Table S5. Statistical parameters of reaction 9 from Noor and flux-force models.

Reaction 9 Noor Flux-force
conditions replicates R? R?
298.15 K 1 0.98457 0.99459
2 0.98378 0.99313
3 0.99177 0.99659
305.15 K 1 0.99752 0.99722
2 0.99945 0.99763
3 0.99718 0.99792
310.15 K 1 0.99903 0.99892
2 0.99953 0.9991
3 0.99863 0.99883
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