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Gla Force-field Summary

We created our definition of Gla in the CHARMMZ22* force-field (FFased on the set-up for Glu. A
schematic of the modifications made is provided in FigureT®lsummarize, the parameters for Gla can be
viewed as as extension of the parameters used for Glu; inlimg&la we kept most of the Glu parameters.
We deleted one of the two Glu hydrogens attached toafid added one new carbon atom and two new
oxygen atom sites in this location, labelled as Oj1 and Go. In this process, zchanged from a CT2
atom type to a CT1 atom type. The creation of these new sitesreglp modification of the partial atomic
charges in the vicinity of this site, and the addition of newla and proper dihedral terms.
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Figure S1: Schematic summarizing the changes made to the residuelsidiein generatinga CHARMM22*
definition for the Gla residue from the existing Glu residue.

We start with the non-bonded parameters for Gla. All honwvat Lennard-Jones (LJ) parameters
for the new Gla site (§ O;1 and Q) were taken from pre-existing definitions for Glu (we used L
parameters available forsCO;1 and Q>). A side-by-side comparison of the partial atomic chargeste
side-chains of Glu and Gla is presented in Table S1. Charggnasents for atoms on the Gla side-chain
were re-purposed from existing partial charges availabtettie Glu side-chain, where possible. Minor
modifications were made to ensure the Gla amino acid carneerall charge of-2e.

Table S1: Summary of partial atomic charges for Glu and Gla side-chain

Site Label Glu Gla

CB —-0.18 -0.18
HB1 0.09 0.09
HB2 0.09 0.09
CG -0.28 -0.29
HG1 0.05 0.05
HG2 0.05 —
CD 0.56 0.56
OE1l -0.69 -0.72
OE2 -0.69 -0.72
CE — 0.56
oIl — -0.72
Ol12 — -0.72




Next, we considered new bonded interactions in Gla that wetralready present in Glu. Two new types
of Urey-Bradley angle term were required to describe the@—~C. angle and the I#-C,~C. angle. For
these angles, we re-purposed existing Urey-Bradley angiestéom the CHARMM22* force-field; the
values are provided in Table S2. Similarly, a new type of praphedral term was needed to describe the
Cs—Cy—Ce—0O;y /2 term. There was no closely-analogous proper dihedral teatnie could re-use from the
existing CHARMMZ22* parameter set, since the double-carbabeymotif does not appear anywhere else in
the standard set of twenty amino acids. Therefore, we usadtgom-chemical calculations to determine a
reasonable parametrisation of this proper dihedral term.

Table S2: Summary of new Urey-Bradley angle interaction parameterthtoGla side-chairt (degrees),
ke andkyg (kJmol 1) andry3 (A).

Site Label 6o Keg ri3 kus
Cs—C,~C. 108.0 435.136 0.0 0.0
H,C,~C. 1095 276144 2163 25104.0

Table S3: Summary of new proper dihedral interaction parameter ferGla side-chaing, (degrees)ky,
(kJ mol1) and multiplicity (dimensionless).

Site Label [N ko multiplcity
Cs—C—Cc—O;1, 75.0 15.0 2

To do this, we constructed an analogue molecule of the Géadidin that contains the double-carboxylate
motif, as shown in Figure S2a). We then optimised the streodfi this molecule at the HF/6-31G* level
of theory. The resultant structure suggested the optim@tO-C dihedral angle was at 127.4Using this
structure as a basis, we then performed a potential eneagyasthe O-C-C-C dihedral at the MP2/6-31G*
level of theory, in intervals of 15 Our calculated potential energy profile for this dihedsaprovided
in Figure S2b). All quantum chemistry calculations wereriear out using the GAUSSIANQ9 software
package.

We then constructed a test molecule for testing the CHARMMZ&ameter for the §-C—~Ce—O;y />
dihedral, in order to obtain the best match with our quantlenacal data (shown in Figure S2). Using
the TINKER software package, we built a tri-peptide, Ghya@ly, as shown in Figure S2c). Using the
Gromacs 4.5.4 software package, we optimised the struofuttéis molecule. Using this structure as a
basis, we performed a similar potential energy scan, insstéd5. The potential energy differences
calculated during both scans included contributions ragisrom the electrostatic and vdW interactions.
The final parameter set that best matched the MP2 profile engiv Table S3. The resulting potential
energy profile is shown in Figure S2d). This CHARMM22* profilgptares the broad features of the MP2
profile, notably the position of the potential energy minimwand the approximate positions of the maxima.
We note that the CHARMM22* maxima are much greater in poteeti@rgy than the corresponding MP2
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maxima; however, both profiles exhibit maximum peak heightskgT at room temperature. In summary,
these Gla parameters provide an acceptable compromisedr@simplicity and veracity.
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Figure S2: a) Structure of the Gla side-chain analogue molecule used irgoantum-chemical calcu-
lations; b) potential energy as a function of the O-C-C-C dihedral, calteadl at the MP2/6-31G* level of
theory;c) structure of the Gly-Gla-Gly system used to test our CHARMM@arameter for the &-C,—C.—
O¢1/> dihedral termgd) potential energy as a function of thg-€C,~C.—O; , dihedral of the Gly-Gla-Gly
tri-peptide, calculated using the parameters reporte@mersS3.



Table S4: Absolute heteroatomic Lennard-Jonesvalues for the C& —Ogyp, pair for the unmodified
CHARMMZ22* force-field, plus the six variants studied for theuaqus Glu—C& system.

\ersion olA

unmodified 2.7323800
o+ 2.0% 2.7870276
o+22% 2.7924923
o+2.4% 2.7979571
o+ 2.6% 2.8034219
o+ 2.8% 2.8034219
o+ 3.0% 2.8143514
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Figure S3: Predicted potential of mean force profiles for the intemacbetween Ca2+ and the carboxylate
side chain of glutamic acid (Glu), for the unmodified foragldiand for the six variants considered in this
study.



Table S5: Predicted free energy of binding calculated for the aqu@usC&" system for the unmodified
CHARMM22* force-field, plus the six variants studied in this ko

Version AGags / kI mol T

unmodified -12.1
o+2.0% -8.3
o+22% -6.1
o+ 2.4% -3.8
o+ 2.6% -1.7
o+2.8% -1.2
o +3.0% 0.87
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Figure S4: Predicted potential of mean force profile for Glu calculatisthg a different CV, namely the
Ca - - carboxylate-oxygen distance, calculated with the def@allARMM parameters.
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Figure S5: Evolution of the CV with simulation time for the metadynamsisiulations ofa) Glu andb)
Gla. Both data sets are shown for thiet- 2.2% case.



