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Table S1. Activation constants for various cations examined for their ability to activate apo-MR

cation | corresponding salt Kx (mM) K\' (mM)
Li LiCl, b _
Mg* MgCl, 0.394 (+ 0.001) NA®
A" AICI, - _
Ca?" CaCl,-2H,0 - —
Se** ScCl, — _
v VCl, - —~
Ccr’’ CrCl, - _
cr*t CrCl,-6H,0 - —
Mn?** MnCl,-4H,0 0.040 (+ 0.002) NA
Fe* FeCl, immeasurable® unknown
Co?* CoCl,-6H,0 0.057 (= 0.004f)e 4.1 (+0.6)° )
0.74 (£ 0.17) 0.31 (+ 0.05)
N NiCl, 0.091 (0.001 )¢ 11 (£ 1) ;
1.2(x0.1) 0.68 (+ 0.39)
Cu* CuCl, - —
Zn** ZnCl, - -
Sr** SrCl, - _
cd* CdCl,-2Y:H,0 - —
Ba’’ BaCl,2H,0 - -
Hg2+ HgCl2 - -

* Values are means of triplicate trials and reported errors are
standard deviations.

® No activation observed.

¢ Not applicable.

4 Protein precipitation was observed, giving rise to highly variable
ellipicity values in the CD-based assay. The precipitation may arise
from the autooxidation of Fe** to form Fe®" at pH values above 7,

and concomitant production of free radicals of HEPES.'”
° Eqn. 3 used to fit initial velocity data (second metal binding event).
" Eqn. S1 used to fit initial velocity data (substrate depletion).

Supporting Information

S5



Metal Ion Variants of Mandelate Racemase

Table S2. Selected properties of Mg®", Mn*", Co**, and Ni**

Harty et al.

Property Mg2+ Mn?* Co** Ni**
. . a 0.83 (H.S.)° 0.75 (H.S.) 0.65
ionic radius, R (A) 0.72 0.67(L.S.) (LS) 0.69
M*"-0 distance in aqueous
solution (A)° 2.10 2.20 2.08 2.055
AGhydration (kcal/mol)* —-19.75 —18.98 -20.79 -21.43
cytosolic concentration (M) 10°@ 10°%¢ 10770 107°®
electron affinity (eV)" 15.04 15.64 17.06 18.17
(kcal/mol) (346.8) (360.7) (393.4) (419.0)
jonization potential (eV)" 80.14 33.67 33.5 35.17
electronegativity (eV)" 47.59 24.66 25.28 26.67
(kcal/mol) (1097.45) (568.67) (582.97) (615.03)
absolute hardness (eV)" 32.55 9.02 8.22 8.5
calculated Z.¢ fOIi‘ the valence 285 560 6.90 755
shell
P . P b
ionic potential, Ze'/R 113 37.8 63.5 82.6
(A7)
Coulombic potential, I' =
ZR (A7) 5.50 8.13 12.27 15.85
K =15=*04
Stability constants for binding K =8346 K, =206+35 | K, =2.1(%0.6)x 10° ! « 154 )
: —1\k 1 — _ 3
BzH in assay buffer (M ) K,=68+13 K,=5.9(£0.5)x10 K, =842+ 101
Stability constants for binding — 4
BzP in assay buffer (M )" - - - K, =3515+10
Stability constants for binding
F in aqueous solution (M ")’ 209+ 1.1 6.17+0.71 2.7+£04 4.6+0.5
(all values /=1.0 M at 25 °C) (-1.80+0.03) (-1.08 £0.07) (-0.59 £ 0.09) (-0.90 = 0.06)
(kcal/mol)
Stability constants for binding
ETDA (M )™ 8.79 13.89 16.45 18.4
(all values /=0.1 M at 25 °C) (-11.99) (-18.55) (-22.44) (-25.10)
(kcal/mol)
Stability constants for binding
NTA (M) 5.46 7.44 10.38 11.54
(all values /=0.1 M at 20 °C) (=7.45) (-10.15) (-14.16) (-15.74)
(kcal/mol)
metal complex constants (MC)° -0.12 0.55 0.91 1.20

 From ref. 4; ° From refs. 5 and 6; © From ref. 7; ¢ From ref. 8; ¢ From ref. 9; " From ref. 10; & From ref. 11; " From
ref. 12; ! Effective nuclear charge (Z.s) calculated using Slater’s rules.”; ¥ Calculated from data in this table based
on ref. 14; * From ref. 15; ' From refs. 16 [MgF', I=1.0 M, 25 °C; other values (M) include 22.9 + 0.1 at 25 °C
and /=0.7 fromref. 17 and 28.7+1.7,22.0+ 1.6, 18.8 + 0.7, and 18.6 £+ 0.8 at 25°Cand /=0.1,0.4, 0.7, and 1.0
M, respectively, from ref. 18], 19 (MnF", I=1.0 M, 25 °C), 20 (CoF',I=1.0M, 25 °C), and 21 (NiF', I=1.0 M, 25
°C); ™ From ref. 22; " From ref. 23 and AG values calculated at 25 °C; ° From ref. 24; * H.S. and L.S. denote high

spin and low spin, respectively.
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Table S3. Free energy changes for the racemization of (R)- and (S)-mandelate catalyzed by the

metal ion variants of MR

Metal ion Mg** Mn** Co** Ni**
AG, (kcal/mol)b —4.12+0.04" | -3.96+0.05 | —4.04+0.03 | —4.09+0.03
AGIER (kcal/mol) 13.53 £0.01 14.70 £ 0.03 13.70 £0.03 | 13.76 +£0.02
AG*_ .. (keal/mol) 9424004 | 10.74+0.06 | 9.68=0.05 | 9.69=0.04
AGg (kcal/mol) —4.30+0.06 —4.65+0.03 | 4.43+0.06 | 4.34+0.03
AGIES (kcal/mol) 13.72 £ 0.02 1493 +0.01 | 13.84+0.02 | 13.82+0.04
AGIE+S (kcal/mol) 9.44 +0.06 10.29 +0.03 9.43 £0.07 9.49 +0.04
AG, (kcal/mol) —4.64 £0.01 -6.0+0.03 -5.79+0.04 | -5.51+0.01
AGeq (kcal/mol) 0.02 +£0.08 —-0.45+0.06 | —0.24+0.08 | —0.20 £0.05

* Values are calculated from kinetic parameters presented in Table 1 using AG = RTInK,
where K is a dissociation constant, and AG* = RTIn(kgT/h)-RTInk, where kg is the

Boltzmann constant, 4 is Planck’s constant, and & is the apparent rate constant k

ork_/K .

cat

b Meanings of the subscripts: R and S refer to (R)- and (S)-mandelate, respectively; E is the
enzyme; ER and ES are the respective enzyme-substrate complexes; A refers to activation

by the metal ion calculated based on 1/K; (Supplementary Table S2), and eq refers to the
overall equilibrium (i.e., Keq = [S]/[R]).
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Table S4. Free energy changes accompanying racemization of (S)-TFLA catalyzed by the metal

ion variants of MR?

Metal ion AG; (kcal/mol) AGiET (kcal/mol) AGIE +r (kcal/mol)
Mg** -3.84+0.01 17.09 + 0.04 13.28 £ 0.04
Mn** ~3.53+0.09 17.13 £0.03 13.7£0.1
Co™ -3.85+0.08 16.83 + 0.08 129+0.1
Ni** -3.74 £ 0.03 16.83 £ 0.02 13.12 £ 0.04

* Values are means of triplicate trials and reported errors are standard deviations and
are calculated from the kinetic parameters in Table 2. The subscripts T and E refer
to (S)-TFLA and metal ion enzyme variant, respectively.
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Table S5. Free energy changes accompanying binding of BzH with MR and with metal ion

al.

(M)
Metal ion® Mg** Mn** Co** Ni**
AG, (kcal/mol)b —4.64+001 | -6.00£0.03 | -5.79+0.04 -5.51+0.01
AG, (kcal/mol)° -2.62+0.04 -3.2+0.1 —4.5+0.2 -5.7+0.2
AG; (kcal/mol)d —-6.75+0.01 | -6.67+0.09 | —7.02+0.03 —7.60+0.02
AAG,; (keal/mol)° 4,13 £0.04 3.5+0.1 25+0.2 1.9+0.2

* Meanings of the subscripts: A refers to activation by the metal ion calculated based on 1/K;
(Supplementary Table S2), d refers the free energy change accompanying formation of
the M*>"-BzH complex, and I refers to the free energy change accompanying formation of
the M*'-MR-BzH.

® Values are calculated from K , values presented in Table 1.

¢ Values calculated from the association constants (K,) of M*" with BzH from ref. 15. See
Supplementary Table S2.

4 Values calculated from K. values presented in Table 3.

° AAGyp, = AG,— AG..
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Table S6. Examples of enzymes activated by binding Mg>", Mn**, Co*", and Ni**, which exhibit < 10-fold change in kinetic constants

for the various metal ion variants

(2

Enzyme activity (based on V,,,, or k., data) K., reference
hydrogen hydrogenase (EC 1.12.1.2)° Ni*" (100) = Co*" (98) ~ Mg*" (86) > Mn*" (36) (2.8-fold) - 25
g
3-methyl-2-oxobutanoate 2+ 24 N 2k
hydroxymethyltransferase (EC 2.1.2.1 1)° Mg™ (100)>Mn™ (75)> Ni™ (37) = Co™ (31) (2.1-fold) B 26
glyc"(lzg;egﬁ&‘;'(L]E'?;":yllgﬁs)ferase Mn®* (100) > Mg (49) = Ni* (42) > Co** (28) (3.6-fold) - 27
m"nogalaCtO(sEyédlzaZy}gz‘;f“ﬂ synthase Mn2" (100) > Co>" (71) = Mn®* (67) > Ni2* (44) (2.3-fold) 28
gl“COsy(lgp'gsl;’ig&"glicf%z)sbymh”e Mg2" (100) > Mn?" (75) = Co?' (60) > Ni2* (27) (3.7-fold) - 29
mannosylglucosyl-3-phosphoglycerate .
symhgasge“(nggB) ?E i 12’. 4.%';’70)1, Mg (100) > Ni*' (73) = Co®' (67) > Mn** (45) (2.2-fold) - 29
pseudaminic acid synthase (EC 2.5.1.97)° Co*" (100) = Mn*" (91) > Mg”" (48) > Ni*" (26) (3.8-fold) - 30
g
Mg** (100) > Ni** (33) >
protein tyrosine kinase CSK (EC 2.7.10.2)° Mg®* (100) > Co* (69) > Mn*" (14) > Ni*" (40) (7.1-fold) Co*" (22) > Mn*" (7) 31
(poly(E,Y))

prote1n—ser1ne/th3re10131nllg)ghosphatase (EC Mn®* (100) = Ni2* (84) > Mg®" (61) > Co** (33) (3.0-fold) _ 32
pyridoxal phosphatase (EC 3.1.3.74)° Ni*" (100) = Co*" (87) = Mg*" (78) > Mn*" (18) (5.5-fold) Co*" (100) ~ Mg”" (93) 33
dihydroxy acid dehydratase (EC 4.2.1.9)° Co*" (100) =~ Ni*" (82) ~ Mn*" (71) = Mg*" (71) (1.4-fold) - 34

4-hydroxy-4-methyl-2-oxoglutarate Mg (100) =~ Mn”" (90) > Co™" (65) > Ni** (28)
(HMG)/4-carboxy-4-hydroxy-2- (HMG, 3.6-fold) B 35

oxoadipate aldolases (OAA) (EC Ni*" (100) > Co*" (75) > Mg*" (40) > Mn*" (23)

4.1.3.17/B3)" (OAA, 4.3-fold)
4-hydroxy—2-o:01vgll§:g;£e aldolase (EC Mn2* (100) > NiZ* (76) > Co*" (60) > Mg** (35) (2.9-fold) _ 36
D-threonine aldolase (EC 4.1.2.42)° Mn* (100) = Co*" (94) = Mg”" (92) ~ Ni*" (85) (1.2-fold) - 37
g
(R)-citramalyl-CoA lyase (EC 4.1.3.46)" Mn?** (100) = Co*" (100) > Ni*" (75) > Mg”" (60) (1.7-fold) - 38
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N-acylphosphatidylethanolamine-

hydrolyzing phospholipase D (EC 4.1.4.4)° Mg" (100) > Co™ (75) =Ni*" (71) > Mn™" (36) (2.8-fold) B 39
rat erythrocyte glyoxylase I (EC 4.4.1.5)° Mg** (100) = Co*" (85) > Mn®" (46) = Ni*" (40) (2.5-fold) M%;;S&%i%ﬁ ((jf)) ~ 40
isopentenyl diphgfggﬁxgb&isomemse (EC 1 N (100) = Co" (88) > Mg?" (65) > Mn** (47) (2.1-fold) - 41

a-phosphoglucomutase (EC 5.4.2.2)° Co®" (100) > Mn®" (70) > Mg®" (25) = Ni*" (23) (4.3-fold) - 42
B-phosphoglucomutase (EC 5.4.2.6)" Co®" (100) > Mn”" (68) =~ Mg®' (68) > Ni*" (40) (2.5-fold) - 43
phosphoenolpyruvate mutase (EC 5.4.2.9)° Mg** (100) = Co*" (70) =~ Ni** (60) > Mn*" (30) (3.3-fold) - 44
D-psicose 3-epimerase (EC 5.5.1.30)" Co" (100) ~ Mn*" (92) > Ni*" (65) > Mg”" (38) (2.6-fold) - 45,46
AMP-forming ageztylllc)SA synthase (EC | \102¢ (100 = Mn?* (94) = Co® (82) > Ni** (27) (3.7-fold) - 47
biotin-[methylmalonyl-CoA- Mn?* (100) > Co®* (90) = Mg?" (90) > Ni** (70) (1.4-fold) - 48

carboxytransferase] (EC 6.3.4.9)b

* Where possible, enzymes that recognize substrates only when the substrates are complexed with the divalent metal ions are not included, although this is not

always clear in many reports. Data for other divalent metal ions that may serve as activators are not presented.

" Based on specific activity measurements or reported relative activities.
¢ Based on measured Vo Or kot values and K, values.
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Supplementary Scheme S1. Two kinetic mechanisms that could account for the observed
inhibition of MR activity at elevated concentrations of Co®” and Ni*" include (A) the binding of a
second metal ion giving rise to an inactive ternary complex under saturating concentrations of
substrate, or (B) interaction of the metal ions with the substrate to yield a complex between

mandelate and the metal ion that is not recognized as a substrate.
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Inhibition mechanism 1. At saturating concentrations of substrate, the initial velocity equations
corresponding to Supplementary Scheme S1A are given by eqns. 2 (no second binding event)

and 3 (binding of a second metal ion).

— Vmax[M?*]
17 Ka+[M2+] 2)
— Vmax[M ]
vl - [M2+] (3)
KA+[M2+]<1+—,>
Kp

Inhibition mechanism 2. The initial velocity equation corresponding to Supplementary Scheme

S1B is given by eqn. S1,

[S] 2+
_ Vmax (KS+[S]) [M ]

v = K
S
Ka(frgotsy M2+

(S1)

where the concentration of free substrate ([S]) is related to the total concentration of substrate ([S]t
=[S]+ [S‘M*]) by eqn. S2.
_ Ka
(51 = [8)r (s aess) (s2)

For fitting of eqn. S1 to the initial velocity data for the activation of apo-MR by Co”" and Ni*",
using nonlinear regression analysis, the values of [S]r and K were fixed at 10.0 mM and 1.0 mM,

respectively (Supplementary Fig. S2).
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Supplementary Figure S1. Representative plots for the activation of apo-MR by Co”>" (A) and
Ni*"(B). MR (0.2 pg/mL, i.e., 4.85 uM) was incubated for 20 min with varying concentrations of
the respective metal ion prior to addition of a saturating concentration of substrate (R)-mandelate
(10 mM). Activation constants (K, and K, ") were determined using eqn. 3 and are presented in

Supplementary Table S1.
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Supplementary Figure S2. Representative plots for the activation of apo-MR by Co”>" (A) and
Ni*" (B) using the same data as in Supplementary Figure S1. Eqn. S1 was used to fit the initial

velocity data and to determine K, and K,,". Values are listed in Supplementary Table S1.
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Supplementary Figure S3. Weak correlation (R* = 0.9308) between the free energy of activation

(AGx) by the metal ions and the electronegativity ().
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Supplementary Figure S4. CD spectra for apo-MR, and Mg*"-bound, Mn”"-bound, Co*"-bound, and Ni**-bound MR. The mean
residue ellipticities ([O]mre = 60/(/-c'n) where [ = 0.1 cm, ¢ = 65 pg/mL (1.58 uM), and n = 383 amino acid residues) are plotted as a
function of wavelength for metal ion-free (apo) MR (black), and MR in presence of Mg>" (3.9 mM, cyan), Mn”" (0.4 mM, blue), Co*"
(0.5 mM, pink), and Ni*" (0.9 mM, green) at 25 °C. Panel A shows the CD spectra recorded in Na -phosphate buffer (25 mM, pH 7.5).
While there were no significant differences of the CD spectra for apo-MR, Mg”'-MR, Mn**-MR, and Ni*'-MR, the spectrum for Co*-
MR exhibited a time dependence that resulted in an upward shift of the spectra at A between 204 and 226 nm. The spectrum shown for
Co*"-MR is the one obtained immediately after mixing apo-MR with the Co®"-containing stock solution. Panel B shows the CD spectra
recorded in Na'-HEPES buffer (10 mM, pH 7.5). In this buffer, no significant differences of the CD spectra for apo-MR, Mg>*-MR,

Mn**-MR, and Co*"-MR were observed. However, the CD spectrum of Ni*"-MR exhibited a time dependence that resulted in an upward
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shift of the spectra at A between 204 and 226 nm, while the CD spectrum of Co®-MR did not. The spectrum shown for Ni**-MR is the
one obtained immediately after mixing apo-MR with the Ni**-containing stock solution. Panel C shows the CD spectra recorded in
Na'-HEPES buffer (100 mM, pH 7.5). This buffer concentration was examined because it is identical to the buffer system used in the
enzymatic assays despite having the spectra truncated at 220 nm due to a lack of buffer transparency. In this buffer, the CD spectrum

of Ni*-MR was similar to that of apo-MR and no time dependent changes in the spectrum were observed over 40 min.
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Supplementary Figure S5. Fluorescence spectra for apo-MR, and Mg*"-bound, Mn*"-bound,
Co*"-bound, and Ni**-bound MR. Intrinsic fluorescence spectra (285 — 485 nm) were obtained
using Aex =280 nm. The spectra for metal ion-free (apo) MR (black), and MR in presence of Mg*"
(3.9 mM, cyan), Mn*" (0.4 mM, blue), Co®" (0.5 mM, pink), and Ni*" (0.9 mM, green) in Na'-
HEPES buffer (100 mM, pH 7.5) are shown. The protein concentration is 1.0 pM. At protein
concentrations >5.0 pM, slight precipitation of the Ni*-MR was observed; however, assay
concentrations of Ni**-MR (i.e., ~5 nM) were ~1000-fold lower than the concentrations where

protein precipitation occurs (i.e., ~5 uM).
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Supplementary Figure S6. A representative double reciprocal plot for the competitive inhibition
of Mg”"-bound MR by BzH (A) and replot of (K_/V,__ )" as a function of free BzH concentrations
(B). (A) Initial concentrations of (R)-mandelate ranged between values of 0.75 mM and 10.00
mM. Concentrations of total BzH used were 0 uM (@), 10 uM (H), 20 uM (A), and 30 uM (®).
Assay conditions were as described in the Materials & Methods. (B) Re-plot of (K_/V, . )" values
(determined from nonlinear regression analysis) as a function of free BzH concentrations ([I];,., =

7.5, 15.1, and 22.6 uM) as determined by the method described in the Materials & Methods. The

K. value determined from these plots is 11.3 £ 0.2 pM.
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Supplementary Figure S7. A representative double reciprocal plot for the competitive inhibition
of Mn’"-bound MR by BzH (A) and replot of (K_/V,__ )" as a function of free BzH concentrations
(B). (A) Initial concentrations of (R)-mandelate ranged between values of 1.00 mM and 10.00
mM. Concentrations of total BzH used were 0 uM (@), 15 uM (H), 30 uM (A), and 45 uM (®).

m max.

Assay conditions were as described in the Materials & Methods. (B) Re-plot of (K_/V__)** values
(determined from nonlinear regression analysis) as a function of free BzH concentrations ([I];,., =
13.8,27.7, and 41.5 uM) as determined by the method described in the Materials & Methods. The

K. value determined from these plots is 13 + 2 uM.
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Supplementary Figure S8. A representative double reciprocal plot for the competitive inhibition
of Co”'-bound MR by BzH (A) and replot of (K_/V,__ )" as a function of free BzH concentrations
(B). (A) Initial concentrations of (R)-mandelate ranged between values of 1.00 mM and 10.00
mM. Concentrations of total BzH used were 0 uM (@), 15 uM (H), 30 uM (A), and 45 uM (®).
Assay conditions were as described in the Materials & Methods. (B) Plot of (K _/V,__ )" values
(determined from nonlinear regression analysis) as a function of free BzH concentrations ([I];,., =

9.6, 19.2, and 28.8 uM) as determined by the method described in the Materials & Methods. The

K. value determined from these plots is 7.1 = 0.3 uM.
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Supplementary Figure S9. A representative double reciprocal plot for the competitive inhibition
of Ni*"-bound MR by BzH (A) and replot of (K_/V._ )™ as a function of free BzH concentrations
(B). (A) Initial concentrations of (R)-mandelate ranged between values of 1.00 mM and 12.00
mM. Concentrations of total BzH used were 0 uM (@), 40 uM (H), 80 uM (A), and 120 uM
(®). Assay conditions were as described in the Materials & Methods. (B) Plot of (K _/V__ )"
(determined from nonlinear regression analysis) as a function of free BzH concentrations ([I];,., =

2.7,5.4, and 8.1 uM) as determined by the method described in the Materials & Methods. The K.

value determined from these plots is 2.7 = 0.1 uM.
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Supplementary Figure S10. Correlation of the free energy changes (AAGp = AGq — AGi) of
metal ion bound-MR (AG;) and solution metal ion (AG4) for BzH binding with the ionic potential
(A, Zeit/R, R? = 0.9898), effective nuclear charge (B, Z.s, R? = 0.8928), the free energy for
dehydration (C, —AGhydration, R” = 0.9733), and the free energy for metal ion binding to apo-MR

(D, AG4). Cf. Fig. 6. The Z.i; values were calculated using Slater’s rules."
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Supplementary Figure S11. Representative IC,, plots for the inhibition of Mg”"- (A), Mn*'- (B),
Co**- (C), and Ni*"-bound (D) MR by BzP. Initial concentrations of (R)-mandelate were 1.00
mM, 1.24 mM, 1.10 mM, and 1.00 mM for Mg”'- (A), Mn*'- (B), Co”*- (C), and Ni*"-bound (D)
MR, respectively. Concentrations of BzP used were 50 — 400 pM for Mg**-, Mn*'- and Co*'-
bound MR. The concentrations of free BzP ([I],..) used for the estimation of the IC,, value for
Ni*"-bound MR were 34, 69, 139, and 210 uM, which were determined by the method described
in the Materials & Methods. From the plots, the IC;, values were determined to be 202 + 7, 193
+ 13, 308 + 24, and 428 + 16 uM (estimated by extrapolation) for Mg2+-, Mn**-, Co*'-, and Ni*'-

bound MR, respectively.
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Supplementary Figure S12. A representative double reciprocal plot for the competitive

inhibition of Mg*"-bound MR by NaF (A) and replot of (K /V__ )* as a function of NaF

concentrations (B). (A) Initial concentrations of (R)-mandelate ranged between values of 0.5 mM
and 15.0 mM. Concentrations of NaF used were 0 mM (@), 0.4 mM (H), 0.8 mM (A), and 1.2
mM (#). Assay conditions were as described in the Materials & Methods. (B) Plot of (K_/V__ )*"

(determined from nonlinear regression analysis) as a function of NaF yields an x-intercept equal

to —Kj. The K. value determined from these plots is 0.47 = 0.03 mM.
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Supplementary Figure S13. Representative IC, plots for the inhibition of Mn®"- (A), Co™"- (B),
and Ni*"-bound (C) MR by NaF. The concentration of (R)-mandelate was 1.00 mM.
Concentrations of NaF used were 5 — 100 mM for Mn?"-bound MR, 10 — 400 mM for Co**-bound
MR, and 50 — 400 mM for Ni*"-bound MR. From the plots, the IC,, values were determined to be

48 + 4,93 + 5, and 178 £ 7 mM for Mn*'-, Co**-, and Ni*"-bound MR, respectively.
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Supplementary Figure S14. Weak correlation of the free energy changes (AAGr = AG4 — AG))
of metal ion bound-MR (AG;) and solution metal ion (AGy) for fluoride ion binding with the ionic
potential (A, Zeffz/R, R’= 0.8205), effective nuclear charge (B, Zer, R?= 0.9121), the free energy
for dehydration (C, —AGhydration, R* = 0.6296), and the free energy for metal ion binding to apo-

MR (D, AGa, R*=0.6609). Cf. Fig. 6. The Z.i; values were calculated using Slater’s rules."
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Supplementary Figure S15. Differences in free energy for the binding of BzH and fluoride anion
at the active site of the metal ion variants of MR and in aqueous solution (AAGiigng) as a function
of the metal complex constants (MC). The values of AAGg. (@, R*=0.9411) and AAGr (A, R*
= (.8848) are plotted as a function of the MC values developed by Martin®* for comparing the

relative ability of metals to form complexes. See ESI,{ Table S2 for values.
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