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I. DNP BUILD-UP PARAMETERS

Additional information on build-up curves plotted in Fig. 2b and corresponding DNP parameters, such as microwave
pulse peak power Py and duty cycle D, are presented in Table I. The fit results according to the following equation

are also specified in Table I:

M(t) = Mss [1 — eXp(—t/TDNp)] .

(1)

Supplementary Table I. Information on build-up curves plotted in Fig. 2b. Build-up constant Tpnp time and Mss are results
of fits to Eq. (1), coefficients of determination R? are included. Uncertainties represent standard deviations.

0X063 concentration [mM] | Pmw [W] D Pavg [W] | Tonp [minutes] Mss [%] R?
20 1-1071 2.0 8.8+0.1 -2.77+0.01 | 0.99966
50 1-1071 5.0 3.940.1 -1.81£0.02 | 0.99943
15 50 4.1073 0.2 23.6+0.1 -3.39£0.01 | 0.99990
95 4.1073 0.38 24.2+0.2 -3.60+0.02 | 0.99978
95 1-1072 0.95 14.8£0.1 -3.3240.01 | 0.99981
5 50 4.1073 0.2 21.5£0.2 -1.04£0.01 | 0.99737

The coefficient of determination R? is calculated as follows:

For a dataset that contains n values y; (y1,y2, .- .

e the mean value:

e the residual sum of squares:

e the total sum of squares:
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II. SODIUM ACETATE LINEWIDTHS

Figure 1 shows the data of Fig. 4 of the article before it was aggregated. The evolution of the sodium acetate 'H
NMR linewidth over time after sample dissolution at 9.4 T and 300 K in bullet-DNP experiments is plotted.

The experiments with 25 mM of 4-hydroxy-2,2,6,6-tetramethylpiperidinyloxyl (TEMPOL) radical were performed
with protonated glycerol-hg (cross symbols) and deuterated glycerol-dg (square symbols) of DNP juice.

The experiments with 15 mM of OX063 radical were performed with deuterated glycerol-dg (circle symbols) of
DNP juice. Each color represents data points obtained within a single experiment.

All given radical concentrations refer to the solid-state sample. After dilution and equilibration, the radical con-
centrations in solution are approximately 21 times lower.
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Supplementary Figure 1. Evolution of the sodium acetate 'H NMR linewidth over time after sample dissolution.



III1.

DEMONSTRATION NMR EXPERIMENTS SETTINGS

Supplementary Table II. NMR settings used to acquire both polarized and thermal 'H NMR. FID signals for various target
molecules, solvents, tipping angles pulses, number of scans NS, and receiver gain RG

Hyperpolarized | Thermal equilibrium
index | target molecules solvent tipping angle [°]
NS | RG NS | RG
1 sodium pyruvate/ | D2O 7 128
sodium acetate
2 tryptophan PBS (pH=7.4)/D20 (9:1) | 90 ) ) 2048 !
alanine H>0/D>0 (9:1) 7 10
4 tryptophan/ PBS (pH=7.4)/D20 (9:1) | 90 128 | 32

phenylalanine




IV. DILUTION FACTOR AND OBSERVED SAMPLE VOLUME

Let us consider how dilution affects the observed NMR signal. The hyperpolarized frozen solid a volume Vygiq.

In both D-DNP and bullet-DNP, this solid is then dissolved using an amount of solvent Vyiyent- The amount of
solvent used is greater than the volume of the NMR coil used for detection of the liquid-state signal, such that only
a fraction of the hyperpolarized analyte ends up in the NMR tube. In D-DNP, the volume is typically of the order
of several mL in order to provide sufficient heat to dissolve the solid and flush the liquid out of the cryogenic sample
environment. In bullet-DNP, the volume is chosen such that the NMR tube can be filled reliably and completely in
order to attain a good shim. Assuming a homogeneous concentration of the analyte, this yield is

%
f=o——r— (6)
Vsolvent + Vsolid

For applications that require a high mass sensitivity, such as metabolomics, one seeks to have f ~ 1. (Note that
the concentration of the analyte is not necessarily very homogeneous in conventional D-DNP experiments [1]). The
implication of f < 1 is that most of the hyperpolarized material does not end up in the NMR, tube, and so does not
contribute to the detected signal.

A comparison of yields for several studies is given in Tab. III. In the current work, we use a 3 mm tube assembly
(TgK Scientifc, UK), leading to a liquid volume inside the NMR coil of 95 pL. In the other cited works, 5 mm probes
and 5 mm NMR tubes were used. For these studies, we assume regular NMR tubes with a wall thickness of 0.4 mm
and a coil height of 2.1 cm, leading to an active volume of 300 pL.

Supplementary Table III. Dilution and yield in selected studies

source Viotia [BL] | Viotvens [0L] | Vamr [pL] | f

current work 40 800 95 0.113
Dey et al. [2] 200 5000 300 0.058
Wang et al. [3] | 10 4000 300 0.075
Wang et al. [4] | 30 4000 300 0.074




V. A COMPARISON OF OBTAINED POLARIZATIONS AND YIELDS FOR SEVERAL STUDIES

A comparison of polarizations and yields for several studies on the same target molecules in aqueous solutions is
given in Tab. ITI. In the current work, we use a 3 mm tube assembly (TgK Scientifc Limited, UK), leading to a liquid
volume inside the NMR, coil of 95 uL. In the other cited works, 5 mm probes and 5 mm NMR tubes were used, except
[5] (3 mm tube). For these studies, we assume regular NMR tubes with a wall thickness of 0.4 mm and a coil height
of 2.1 c¢m, leading to an active volume of 300 nL.

Supplementary Table IV. Comparison of current work with other polarization methods applied to the same target molecules
in aqueous solutions. Results with deuterated methanol, a toxic solvent for biological molecules, are shown for completeness
since they yielded higher polarizations in one of the cited studies.

target molecule | source method solvent P[% | f
sodium acetate current work bullet-DNP D20 -3.8 0.113
current work bullet-DNP H,0/D20 (9:1) | -2.6 0.113
Dey et al. [2] d-DNP D,0O 0.4 0.058
Dey et al. [2] d-DNP CD30D 48 | 0.058
sodium pyruvate | current work bullet-DNP D2O -5.1 0.113
Dey et al. [2] d-DNP D20 0.5 0.058
Dey et al. [2] d-DNP CDsOD 5.9 0.058
alanine current work bullet-DNP H>0/D20O (9:1) | -1.2 0.113
Dey et al. [2] d-DNP CDsOD 0.13 0.058
Zachrdla et al. [6] | Overhauser effect and HyperW | D20 0.02 ~0.5
Aleshin et al. [7] Overhauser effect and HyperW | D2O 0.01 0.53
tryptophan current work bullet-DNP PBS/D,0O (9:1) | -0.85 | 0.113
Torres et al. [5] photo-CIDNP PBS 0.36 ~0.35
phenylalanine current work bullet-DNP PBS/D20O (9:1) | -0.90 | 0.113
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