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Figure S1. ECD spectra of explicitly-solvated GAG in the optimized pPIl conformation calculated with different range-
separation values of w = 0.20 and 0.25.
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Figure S2 ECD spectra of explicitly-solvated GAG in the optimized pPll conformation calculated with different exchange-
correlation functionals.

S4



—— CC-pvtz
201 N aug-cc-pvtz
b
=
TU 0 I
'E
<
—201_/
/

160 170 180 190 200 210 220 230 240 250
wavelength (nm)

Figure S3. ECD spectra of explicitly-solvated GAG in the optimized B-strand conformation calculated with different basis
sets.
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Figure S4. ECD spectra of explicitly-solvated GAG in the optimized pPIl conformation with different configurations of
explicit water molecules.
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Figure S5. Optimized geometry of GAG in the pPIl conformation at the wB97XD/cc-pVTZ level of theory

in (a) implicit and (b) explicit water.
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Figure S6. Absorption spectra of GAG in the pPIl conformation calculated at the wB97XD/cc-pVTZ level
of theory in (a) implicit and (b) explicit water.
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Figure S7. Optimized geometry of GAG in the B conformation at the wB97XD/cc-pVTZ level of theory in

(a) implicit and (b) explicit water.
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Figure S8. Absorption spectra of GAG in the B conformation calculated at the wB97XD/cc-pVTZ level of
theory in (a) implicit and (b) explicit water.
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Figure S9. Natural transition orbitals* (NTOs) of GAG in the pPIl conformation with implicit water obtained
from calculations at the wB97XD/cc-pVTZ level of theory. Hole and particle pairs for (a) the first transition
corresponding to the positive peak in the ECD spectra at around 202 nm and (b) the fourth transition
corresponding to the negative peak at around 172 nm. Panels give the excited state number, associated
eigenvalue (w), transition energy (w), and oscillator strength (f).
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Figure S10. Natural transition orbitals (NTOs) of GAG in the pPll conformation with explicit water obtained
from calculations at the wB97XD/cc-pVTZ level of theory. Hole and particle pairs for (a) the second
transition corresponding to the positive peak in the ECD spectra at around 205 nm (b) the fifth transition
corresponding to the negative peak at around 174 nm and (c) the sixth transition corresponding to the
negative peak at around 166 nm. Panels give the excited state number, associated eigenvalue (w),
transition energy (w), and oscillator strength (f).
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Figure S11. Natural transition orbitals (NTOs) of GAG in the B conformation with implicit water obtained
from calculations at the wB97XD/cc-pVTZ level of theory. Hole and particle pairs for (a) the first transition
corresponding to the positive peak in the ECD spectra at around 204 nm and (b) the fourth transition
corresponding to the positive peak at around 170 nm. Panels give the excited state number, associated
eigenvalue (w), transition energy (w), and oscillator strength (f).
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Hole Particle

Figure S12. Natural transition orbitals (NTOs) of GAG in the B conformation with explicit water obtained
from calculations at the wB97XD/cc-pVTZ level of theory. Hole and particle pairs for (a) the first transition
corresponding to the negative peak in the ECD spectra at around 202nm and (b) the fourth transition
corresponding to the positive peak at around 178 nm. Panels give the excited state number, associated
eigenvalue (w), transition energy (w), and oscillator strength (f).
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Table S1. Dihedral angles of GAG in the pPIl and B conformations calculated at the wB97XD/cc-pVTZ level
of theory in (a) implicit water and (b) explicit water.

GAG pPII GAG B
Implicit water Explicit Water Implicit water Explicit Water
[0} -65.27 -71.93 -160.97 -137.84
U 149.43 163.59 162.38 131.55

Table S2. List of the first five excited states for GAG in the pPll conformation calculated at the wB97XD/cc-
pVTZ level of theory in (a) implicit water and (b) explicit water.

(a) Implicit Water

Excited AE?(eV) A°(nm) fe RY(10*° erg.esu.cm/Gauss)
State
1 5.9693 207.70 0.0043 13.55
2 5.9966 206.76 0.0014 2.65
3 6.4112 193.39 0.0008 10.09
4 7.2200 171.72 0.1854 -68.19
5 7.3729 168.16 0.1471 -21.60

3Excitation Energy, PWavelength, “Oscillator Strength, and “Rotatory Strength (velocity)

(b) Explicit Water

E;(:;tt(zd AE?(eV) A°(nm) fe RY(10*° erg.esu.cm/Gauss)
1 5.8687 211.26 0.0064 -1.69
2 6.0906 203.57 0.0060 28.45
3 6.1329 202.16 0.0041 11.51
4 7.0534 175.78 0.1964 -16.09
5 7.1643 173.06 0.1246 -75.68

3Excitation Energy, PWavelength, “Oscillator Strength, and “Rotatory Strength (velocity)
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Table S3. List of the first five excited states for GAG in the B conformation calculated at the wB97XD/cc-
pVTZ level of theory in (a) implicit water and (b) explicit water

(a) Implicit water

Excited AE?(eV) A°(nm) f RY(10*° erg.esu.cm/Gauss)
State
1 6.1282 202.32 0.0028 17.34
2 6.1590 201.31 0.0007 0.44
3 6.4477 192.29 0.0008 -5.59
4 7.3592 168.48 0.1512 34.02
5 7.4612 166.17 0.3955 -39.79

3Excitation Energy, PWavelength, “Oscillator Strength, and “Rotatory Strength (velocity)

(b) Explicit water

Excited

State AE?(eV) A°(nm) fe RY(10*° erg.esu.cm/Gauss)
1 6.1757 200.76 0.0099 -12.60
2 6.1926 200.21 0.0023 -12.52
3 6.1950 200.14 0.0008 -2.63
4 7.1293 173.91 0.3130 77.90
5 7.1766 172.76 0.0749 -17.85

3Excitation Energy, PWavelength, “Oscillator Strength, and “Rotatory Strength (velocity)
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Computational Details

All calculations were performed at 298.15 K with the Gaussian 09 program package (revision
E.01)? using default algorithms. Density functional theory (DFT) at the wB97XD/cc-pVTZ level of
theory® was employed to optimize the geometry of the GAG conformers. Previous studies* have
shown that the range-separated wB97XD functional (which includes dispersion and a range-
separated portion of nonlocal exchange) accurately reproduces experimental spectra. The
Cartesian coordinates used as initial guesses for the geometry optimization in this paper can be
found in the Supporting Information of llawe et al.> All geometries reported here correspond to
local minima of the potential energy surface in the absence of imaginary frequencies. Solvent
effects in the implicit solvent model were modeled using the polarizable continuum model
(PCM)® approach. The specific PCM model used in this work is the implementation devised by
Tomasi and co-workers’ that creates a solute cavity via a set of overlapping spheres to calculate
the solvent reaction field.

Time Dependent Density Functional Theory (TD-DFT) at the same level of theory was employed
to calculate the excitation energy and rotatory strength R ;. In the implicit solvent environment,
the PCM technique employs a linear response formalism by adding the necessary terms to the
excited-state equations (thereby including the solvent effects on the excited states).®® The
calculated rotatory strengths were plotted as an electronic circular dichroism (ECD) curve via a
summation of Gaussian functions. Rotatory strengths are reported in the usual c.g.s. units of 10
40 esu-cm-erg/G, where 1 esu-cm-erg/G corresponds to approximately 3.336 x 10'*> C-m-J/T in Sl
units. Following previous computational studies!®%12 of circular dichroism (CD) spectra, we have
used the following relation

Ry, = 22.97fCD band}\AeT(E)dE, (1)
where Ry, is in 10° c.g.s. units, the difference in the absorption coefficients for left and right-
hand circular polarized light, 4e¢, is in 1/(mol-cm), and E is in eV. For each computed excitation,
a normalized Gaussian centered at the corresponding wavelength is scaled to reproduce the
computed R,; by equation (1). The plotted theoretical “CD spectrum” is then obtained as the
superposition of all these Gaussian curves. Unless otherwise noted, for the linewidth AE, we
employed the empirical procedure by Brown et al. in Ref. 9, which corresponds to AE = 0.08VE
with E in eV. The linewidths are used here as adjustable parameters in order to mimic a real
spectrum.’® The absorption spectra are simulated by superposing and finally summing each
Gaussian at the individual electronic transitions. The width of each Gaussian used in our studies
was 0.4 — 0.6 eV.'* We note here that important corrections to the excitation energy arising from
molecular vibrations are currently neglected.
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