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Figure S1. ®Na MAS spectra of MSG. All spectra were acquired on a Bruker Avance II" 600 with a
Bruker 4-mm MAS probe, spinning at a 12500 Hz frequency. The Aldrich MSG sample was purchase
from Sigma-Aldrich without purification. ['’O] MSG is the same sample used for the '’O NMR study.
The following '"O NMR parameters were used to simulate the MAS spectrum,

Experimental results (MAS simulation):
Nal y, = 2.42(2) MHz, g = 0.39(4), 85 = 8.00(5) ppm
Na2 y, = 1.47(2) MHz, ng = 0.49(4), i, =—1.84 (5) ppm

DFT results (from a fully optimised mode)
Nal x4 =-2.53 MHz, ng = 0.30, 8isc =9.75 ppm
Na2 yq = 1.85 MHz, ng = 0.42(4), diso =—2.00 ppm.
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Figure S2. (A) A 2D NMR parameters comparison between €2 vs xq and (B) K vs dis. For all the plots,
the experimental NMR data are represented by solid red circles; fully optimised model by solid purple;
O,H-optimised by solid blue; H-optimised by transparent green; and X-ray structure by transparent
brown. The DFT € and 4 values are scaled by 0.76 and 0.93, respectively. Refer to Table 3 (in text)
for the original un-scaled DFT values and to Table 2 (in text) for the experimental NMR data. The 2D
comparison displayed here are similar to Figures 5C and 5D in text, in such that the experimental

values and the DFT results are clustered together aiding the site assignments,
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Table S1. 'H and *C NMR results of MSG: DFT* and experiment.

H  DFT 'H §, (O,H-optimised) DFT 'H &, (X-ray) Experimental 'H i,

site Ppm ppm = 0.1 ppm
CH 6.48 6.18 6.3
CH 5.32 4.88 5.0
CH, 2.64 2.34 2.0
CH, 2.09 2.07 -
CH, 1.71 1.60 -
CH, 2.00 1.84 -
CH, 2.10 1.80 -
CH, 2.01 1.73 -
CH, 1.41 0.38 -
CH, 1.25 0.68 -
NH; 9.43 10.58 -
NH; 7.77 8.68 -
NH; 8.01 (8.40)° 9.37 (9.54)" 8.5
NH; 7.46 8.41 -
NH; 10.21 11.04 —
NH; 6.77 (8.15)° 8.30 (9.25)" 8.2
H,O 5.74 1.98 5.0
H,O 5.69 -5.69 -
H,O 4.79 1.28 -
H,O 5.03 -3.41 —
C DFT BC 8, (O,H-optimised) DFT BC &, (X-ray) Experimental BC 8o
site Ppm ppm + 0.2 ppm
CO 180.28 175.97 176.1
CO 181.31 178.36 176.1
CO 186.89 184.56 180.8
CO 188.43 184.79 182.5
CN 57.27 56.83 55.2
CN 55.23 55.20 54.0
CH, 27.58 27.44 27.5
CH, 38.37 38.38 39.2
CH, 29.54 28.89 27.5
CH, 36.38 31.71 35.0

(a) Siso = Oref — Oiso, Where Gre('H) = 30.70 ppm and Gr("C) = 169.80 ppm.
(b) The parentheses indicate the average shift for NHj.
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Table S2. DFT results of the '’O tensor components.

o d11 ) 333 Xox Xy Xz  LC-0-0p  ZLC-O-Yyy

sitt. ppm ppm ppm MHz MHz MHz °

Fully optimised
Ol 463.8 3259 -269 22 57 179 143.6 178.7
O11 5143 3396 44 26 -58 84 1393 177.6
02 4436 3141 -179 -19 -6.1 8.0 147.7 178.5
012 4541 3127 -77 21 -62 &3 147.1 177.3
O3 4558 3024 475 20 -63 83 144.5 177.4
O13 473.7 3137 469 22 -6.1 83 143.2 177.6
04 4812 3550 31.1 -15 56 7.1 147.0 177.8
Ol14 475.0 3415 312 -14 57 7.1 145.5 177.2

O.H-optimised
Ol 4628 3264 -233 22 57 79 143.0 177.8
Ol11 508.7 3366 60 26 -58 84 137.9 177.8
02 449.1 3167 -162 20 -6.1 8.0 146.1 177.7
012 4542 3156 60 21 -62 &3 146.7 176.7
O3 457.7 3059 478 -21 -63 83 1443 177.2
O13 475.0 3174 463 22 -6.1 84 146.8 177.7
04 4828 3576 308 -16 56 72 146.2 177.7
014 4708 3427 350 -13 -58 7.1 147.4 177.9

(A) Carboxylate oxygen (B) Carbonyloxygen

Figure S3. A diagram showing the 'O CS and EFG tensor orientations in the molecular frame of
carboxylate and carbonyl oxygens.
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Figure S4. Simulated 'O DOR spectra of P2 at 14.1 T (values can be found in Table 2 in text) by
varying the following parameters: Q, K, o and 7. The red spectrum represents the result shown in
Figure 4.
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