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Sample preparation

Chicken and pig livers were purchased from a local supermarket. The rat [3-
BCJlactate infused brain biopsy' and [1-"’C]glucose infused brain extract’ were
obtained by Dr. Anne-Karine Bouzier-Sore (Centre RMSB, Bordeaux). The sample
preparation for HRUMAS was performed under a stereomicroscope. A small biopsy
was cut from the frozen liver using a surgical scalpel, and placed directly at the
entrance of the Kel-F rotor (see Fig S1). Using a clean micro-drill bit with a diameter
of 400 pum, gently pushed the frozen biopsy into the rotor. Filled the rotor with D,O
using a 20 ul GELoader® tip (Eppendorf, US), and closed with the Kel-F inserts. The
entire sample-preparation period was about 5-10 minutes.

1 D. Sampol, E. Ostrofet, M-L. Jobin, G. Raffard, S. Sanchez, V. Bouchaud, J-M. Franconi, G.
Bonvento and A-K. Bouzier-Sore, Front. Neuroenerg., 2013, 5, 5.

2 A-K. Bouzier-Sore, P. Voisin, V. Bouchaud, E. Bezancon, J.M. Franconi and L. Pellerin, Eur.
J. Neurosci., 2006, 24, 1687-1694.

NMR experimental details

"H NMR experiments were carried out on a JEOL spectrometer operating at 600.17
MHz (By = 14.1 T) with a 1 mm HRuMAS probe (more detailed in text) using the 'H-
channel for detection and X-channel for “H-lock. A costume-made 1 mm Kel-F MAS
rotor was used. The MAS frequency was manually adjusted to 2000 — 2500 Hz with
stability of £10 Hz. All '"H NMR experiments were recorded under a “H-lock
(expected for HMQC) with a continuous-wave (CW) pulse applied during the 1 s
recycle-delay for suppressing the HDO resonance. The w/2-pulse length was set to 1.2

us at 20 W. The By shimming was performed on a sucrose-D,O solution prior to the
specimens. 'H chemical shifts were internally referenced to the alanine —CHi—
doublet at 6 = 1.47 ppm.

The 1D "H NMR spectra were carried out with t,-edited CMPG pulse-experiment. A
spin-echo delay of 0.4 ms with 250 of echo loops were used, resulting a total echo
time of 100 ms. A total of 8192 data points was acquired using a spectral width
ranging from 10 ppm to 18.6 ppm rendering a scan repetition time of 1.7 s to 3.2 s.
The total experimental times were in the range of 10 to 30 minutes depending on the
number of scans acquired.

The 2D 'H-'H TOCSY spectrum of brain biopsy, which had been infused with [3-
BClactate, was acquired with a DIPSI2 train pulses during the spin-lock. A mixing
time of 50 ms was used. A spectral dimension of 5 ppm x 5 ppm was applied with
256 data point in t; and 2048 in t,. A total of 64 scans was collected per t;, resulting a
total experimental time of 7 hours.

The 2D '"H-""C HMQC spectrum of [3-"*C]lactate infused brain biopsy was recorded
without the “H-lock, as the X-channel was used for the '*C resonance. A "C-
decoupled CW pulse was applied during the 'H data acquisition. A spectral dimension
of 15 ppm (‘H) x 15 ppm ("°C) was applied with 128 data point in t; and 8192 in t,. A
total of 448 scans was collected per t;, resulting a total experimental time of 27.5
hours.

The 2D 'H-'H TOCSY spectrum of [1-">C]glucose infused brain extract was carried



out with a DIPSI2 train pulses during the spin-lock. A mixing time of 50 ms was
used. A spectral dimension of 4 ppm x 4 ppm was applied with 196 data point in t;
and 2048 in t,. A total of 64 scans was collected per t;, resulting a total experimental
time of 5.8 hours.

The 2D 'H-'H COSY spectrum of [1-">C]glucose infused brain extract was acquired
with a phase sensitive COSY pulse experiment. A spectral dimension of 4 ppm x 4
ppm was applied with 512 data point in t; and 1280 in t;. A total of 16 scans was
collected per t;, resulting a total experimental time of 3.2 hours.



Fig. S1. A photo-illustration of a Kel-F MAS rotor. It was taken under the
stereomicroscope. The rotor is filled with a green inorganic solution for showing the
sample region. The rotor dimensions: 6.55 mm in length, 1 mm in outer diameter and
0.5 mm in inner diameter. The total NMR detectable sample volume is about 490 nl.
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Fig. S2. '"H-'"H TOCSY and 'H-"C HMQC HRuMAS spectrum of a [1-">C]glucose

infused brain extract.



Tab. S1. A comparison of the probe properties and NMR performances between 4mm
HRMAS, Imm HRuUMAS and 840um HRMACS

HRMAS (Bruker)” HRpMAS prototype (JEOL) HRMACS"
Coil diameter Fixed with 4 mm Fixed with | mm Flexible®
Probe durability Strong Strong Weak
Detection volume 30 pl with a Kel-F insert  ~490 nl] ~250 nl
'H frequency 500 MHz 600 MHZ 500 MHz
Unloaded coil 120 150 30-40
quality factor
B, homogeneity 0.9 0.95 0.70 - 0.75
(Lyso>/Ig00)
Probe efficiency 0.15 mT/W 1.10 mT/W 1.00 mT/W
(BI/PO.S)C
Resolution 0.002 ppm ~0.002 ppm 0.001 ppm
Sample holder Disposable Kel-F insert Disposable Kel-F rotor Disposable glass capillary

MAS frequency

Up to 10,000 Hz

Up to 10,000 Hz

<500 Hz

1D experiment

Flexible

Flexible

Spinning sideband suppression

2D experiment Flexible Flexible Only 'H-detected experiments;
caution with spinning sidebands
Data repeatability  Good Good Modest

a) A "H/'P/PC elongated HRMAS probe adapts to a widebore magnet.

b) The values and properties stated in the table correspond to the current design of a 840um
HRMACS resonator' with a frequency of 500 + 20 MHz.

¢) Based on the reciprocity principle,” the probe efficiency B,/P’> (where B; is the RF magnetic
field at a given transmitter power P) is directly proportional to the detection sensitivity of a probe.

1. A.Wong, X. Li and D. Sakellariou, Anal. Chem., 2013, 85, 2021-2026.
2. D.I. Hoult and R. E. Richards, J. Magn. Reson., 1976, 24, 71-85.



Tab. 1S. The coefficient values (%) on each of the chemical shift bucket (0.005ppm)
intensity (average sum) between 3.4 — 4.3 ppm of the 24 overlay spectra shown in
Fig. 1b. These values are plotted as a column representation in Fig. 1b.

Chemical shift Mean intensity SD of 24 CV (%) of 24
bucket (ppm) of 24 spectra spectra spectra
3.405 0.1566 0.03225 20.59386973
3.41 0.1714 0.03229 18.83897316
3.415 0.1855 0.03292 17.74663073
3.42 0.1942 0.03204 16.4984552
3.425 0.2102 0.03284 15.62321598
3.43 0.2255 0.03176 14.08425721
3.435 0.242 0.03317 13.70661157
3.44 0.2539 0.03247 12.78849941
3.445 0.2711 0.03397 12.53043158
3.45 0.2895 0.03382 11.68221071
3.455 0.32 0.03446 10.76875
3.46 0.3872 0.03732 9.638429752
3.465 0.8557 0.0399 4.662849129
3.47 0.4033 0.02379 5.898834614
3.475 0.4571 0.0365 7.985123605
3.48 1.316 0.1011 7.682370821
3.485 0.6242 0.09423 15.09612304
3.49 0.3364 0.01632 4.85136742
3.495 0.653 0.07704 11.79785605
3.5 0.5979 0.08055 13.47215253
3.505 0.2243 0.01974 8.80071333
3.51 0.2142 0.02244 10.47619048
3.515 0.2162 0.02439 11.28122109
3.52 0.2193 0.02613 11.91518468
3.525 0.2239 0.02728 12.18401072
3.53 0.2337 0.02856 12.22079589
3.535 0.2478 0.03097 12.49798224
3.54 0.2664 0.03223 12.09834835
3.545 0.2956 0.03348 11.32611637
3.55 0.3465 0.03719 10.73304473
3.555 0.4762 0.04545 9.544309114
3.56 0.9841 0.03856 3.918300986
3.565 0.9918 0.03602 3.631780601
3.57 0.4828 0.01592 3.297431649
3.575 1.049 0.03934 3.750238322
3.58 0.7846 0.07519 9.583227122
3.585 0.5779 0.09877 17.09119225
3.59 0.2183 0.01887 8.644067797
3.595 0.211 0.02255 10.68720379
3.6 0.2494 0.02634 10.56134723
3.605 0.3094 0.02435 7.870071105
3.61 0.3243 0.02403 7.409805735
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