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Figure S1: ATR-FTIR spectrum of TMP-T (top, green), with TMP-ester (middle, orange) and TMP
(bottom, red) for comparison purposes.

Figure S3: Gel of purified DHFR
used in all experiments shows
that protein is pure, with a band
appearing at ~18 kDa, the
molecular weight of DHFR.

Figure S2: DHFR (green, PDB accession
code 1RX113) bound to TMP-T (TMP
moiety-gray, TOTAPOL moiety- orange)
made by docking TMP-T using Autodock
Vinal4,

S2



TMP-T:

Concentration/Components Tg(s) 1H T4, CP-
[DHFR] [TMP-T] Other € (protein) | (protein) | detected (s)

8.0 mM - N/A N/A 4.1+0.1*
4.9 mM 2.7 mM 4 mM glucose 13.5+0.5 5.2+0.2 3.8+0.2

4.5 mM 4.5 mM 3 mM 13C-glucose | 22.5+0.5** | 4.1 £0.2 2.8+0.2

3.0 mM 7.0 mM 26 + 1** N/A 1.9+0.4*
0.5 mM 0.5 mM >98% 2H 19 + 2 ** 41+04 |22+02
0.05mM | 0.05mM | >98% 2H 15 +2%* 3.3+0.5 N/A

4.2 mM 2.3 mM 3 mM glucose 69+0.1 12.6+0.2 | 3.6+0.2

22 mM TMP
15% v/v DMSO
0.5 mM 0.5 mM 20% 'H 8+1 32 +4 N/A
TOTAPOL:
Concentration/Components 1H T4, CP-
[DHFR] [TOTAPOL] Other € (protein) Tzs(s) detected (s)

7.5 mM 4 mM 17.8+0.5** | 5.1+0.2 3.7+0.3

5 mM 10 mM 22.5+0.5* | 3.3+0.1 2.5+0.1

6.5 mM 20 mM 28 £2** 2.3x0.1 1.9+0.1

0.5 mM 1 mM 5.0 + 0.5** 2748 N/A
0.05mM | 0.1 mM 1.5+ 0.5%* N/A N/A

0.5 mM 21 mM >98% 2H 28+3 4.1+0.1 N/A

0.5 mM 21 mM 20% H 271 3.5+0.1 N/A

*Data were collected using a different probe and should not be compared directly to all other values
in this table. The two probes exhibited differing 'H field homogeneities.
**Data used in Figure 2

Table S1: Sample composition and observed DNP enhancement, DNP buildup time,

and H T1 for samples prepared with TMP-T and TOTAPOL (for comparative
purposes). For samples with low S/N, 1H T1 and/or Tg could not be measured.
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Figure S4: Pulse sequence used for DNP buildup time measurements?, with phase
cycles noted above each element. Under continuous wave microwave irradiation of
the electrons, a train of 16 /2 pulses (2.5 ps and 4.0 ps for 1H and 13C, respectively),
separated by 2 ms each, is used to destroy any 1H and 13C polarization prior to a
variable buildup delay, which is incremented exponentially in 16 steps from 0.1 us
to 64 s. After allowing 1H polarization build up via DNP enhancement during the
buildup delay, a 1H 1t/2 pulse (2.5 ps) and a 1H-13C cross-polarization (CP) element
are used to transfer polarization to 13C for detection. 100 kHz SPINAL-642 1H
decoupling is applied during acquisition. Buildup values are extracted from the data
by fitting peak integrals as a function buildup time to a saturation recovery function
of the form I(t) = [(0) * (1 - exp(-t/Ts)).
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Figure S5: Room temperature CW 9.5 GHz EPR spectra of a) 0.1 mM TOTAPOL and
b) 0.1 mM TMP-T. The EPR spectrum of TOTAPOL shows a dominant three-line 14N
hyperfine splitting (such as is seen for monomeric TEMPO), along with two
additional features that have been attributed to inter-nitroxide spin-spin exchange
coupling J3. The details of the spectra are known to be affected by solvent
interactions and molecular environment*5. The spectrum of TMP-T is broadened
relative to that of TOTAPOL and shows decreased electron exchange. This is likely
due to derivatization, which may lead to reduced mobility, polarity, and transient
intramolecular interactions with the hydrophobic trimethoprim moiety.
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Fluorescence polarization binding experiments

TMP-TAMRA, a fluorescent-tagged trimethoprim analog, was prepared by Dr.
Zhixing Chen of the Cornish group according to published procedure ¢ (see Figure
S6) and characterized by Dr. Yao Zong Ng, also of the Cornish group. For
fluorescence polarization experiments, 0.5 uM DHFR in PBS was incubated with
0.25 uM TMP-TAMRA and TMP-T concentrations ranging from 1 nM to 100 uM.
Fluorescence anisotropy was measured in 96 well black-bottom plates on a Victor
X5 microplate reader, using an excitation wavelength of 530 nm and an emission
wavelength of 595 nm. Fluorescence anisotropy of control samples without protein
was measured to ensure that anisotropy reached its minimum value. Anisotropy as
a function of TMP-T concentration was plotted on a semi-log plot and fit in IgorPro
with a sigmoidal binding equation to obtain an ICso of 2.8 + 0.1 uM with a x? value of
2.94279e-05 (see Figure S7).

This ICso was converted to a Kq of 165 + 7 nM using the following equation? :
Kar=[I]so /([L]so/Ka + [P]o/Ka + 1)

A Kq value for TMP-TAMRA of 30 nM, and with all relevant parameters calculated as
in Kenakin et al.8 The Kq of TMP-TAMRA was calculated in a separate competition
experiment with the native ligand, trimethoprim, using the published binary Kq of
15 nM?.

TMP-TAMRA

Figure S6: Structure of TMP-TAMRA, the fluorescent probe used for fluorescence polarization
competition assays with TMP-T.
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Figure S7: Semilog plot of fluorescence anisotropy as a function of TMP-T concentration. Red

squares represent data points and the red line is the best fit to a sigmoidal binding curve in Igor Pro
with a midpoint (IC50) of 2.8 + 0.1.
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Figure S8: Comparison of signal intensity for TMP-T (a) and TOTAPOL (b) dilution
series with approximately fixed protein-to-biradical ratios (1:1 for TMP-T, ~1:2 for
TOTAPOL). All spectra are scaled in order to match the highest concentration
sample, taking into account the number of scans and differences in receiver gain.
Therefore, in the absence of concentration effects, all the spectra in each panel
should exhibit identical intensities. TMP-T shows very little decline in enhancement
as DHFR concentrations are lowered by almost two orders of magnitude from 4.5
mM (blue) to 0.5 mM (red) and finally to 50 uM (green), by virtue of its binding
specificity to DHFR. TOTAPOL enhancements decline markedly with decreasing
DHFR concentrations: 6.5 mM (purple), 5.0 mM (blue), 0.5 mM (red), and 0.05 mM
(green). All spectra were acquired using CP from 1H with 100 kHz SPINAL
decoupling? during detection, an MAS frequency of 8 kHz, a temperature of 106 K
and with continuous microwave irradiation. Scaling factors are as follows, in order
of discussion: (a) 1.0, 9.0, 90.0 and (b) 1.0, 1.3, 13.0, 130.0.
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Figure S9: Overlay of (a) TMP-T and (b) TOTAPOL biradical concentration series.
Virtually no bleaching is observed as TMP-T is titrated from substoichiometric (2.7
mm TMP-T, blue) to stoichiometric (4.5 mM TMP-T, red) to super stoichiometric
(7.0 mM TMP-T, green), Silicone disk intensity at 4 ppm should be ignored, as it is
not enhanced. For TOTAPOL, little bleaching is observed between 4 mM (blue) and
10 mM (red). However, significant paramagnetic bleaching of the aliphatic, Ca (~60
ppm), and aromatic regions is observed at 20 mM concentration (green). Due to the
lower solubility of TMP-T, concentrations around 20 mM could not be achieved for
direct comparison. However, such concentrations are unnecessary as
superstoichiometric TMP-T already provides DNP enhancements higher than 20
mM TOTAPOL. All spectra were acquired at 600 MHz 'H field using CP from 1H with
100 kHz SPINAL decoupling during detection, at an MAS frequency of 8 kHz, a
temperature of 105 K, and without microwave irradiation. All spectra in each panel
were scaled to match the DHFR concentration of the first titration point (blue
spectrum) - scaling factors are as follows: (a) 1.00, 1.09, 1.63 and (b) 1.00, 1.50,
1.15 for blue, red, and green spectra, respectively.
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Figure S10: Overlay of 2D 13C-13C DARR spectrum with sample 4.5 mM 1:1 DHFR:
TMP-T shown in red and 10 mM TOTAPOL, 6.5 mM DHFR in green. These spectra
indicate more bleaching caused by TOTAPOL than by TMP-T. All spectra were
acquired at an MAS rate of 8 kHz, at a temperature of 106 K, and with continuous
microwave irradiation and were scaled to account for protein concentration.

(a) 13C-13C correlation spectra acquired using 20 ms of DARR mixing.10

(b) Close-up of (a) in arginine CZ region.

(c) Horizontal slice through (b) at frequency indicated by dashed line.
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Figure S11: Overlay of 2D 1>N-13C TEDOR spectrum with 4.5 mM 1:1 DHFR:TMP-T
shown in red and 10 mM TOTAPOL, 6.5 mM DHFR in green. These spectra indicate
that more bleaching is caused by TOTAPOL than by TMP-T. Spectra were acquired at
8 kHz MAS, at a temperature of 106 K, with continuous microwave irradiation, and
were scaled to account for protein concentration.

(a) full z-filtered TEDOR1! spectrum acquired with 1.5 ms of mixing time (12 rotor
cycles).

(b,d) close-up of 1>N-13C spectrum in histidine and lysine regions, respectively.

(c,e) horizontal slices through (b) and (d), respectively, at frequency indicated by
dashed line.
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Figure S12: Characterization of the MAS dependent depolarization in 0.5 mM 1:1

DHFR/TMP-T complexes with microwaves off. (a) The 1H and 13C signal as a
function of MAS frequency, normalized to the intensity at 2 kHz MAS. Signal

intensity does not decrease significantly as MAS frequency increases, indicating that

depolarization is not a major factor. Errors of the measurement were estimated

from signal intensity/integral variation on a standard proline sample during a 24-

hour stability array under the same conditions. (b) When MAS is stopped in an

experiment to assess the level of depolarization, signal intensity does not increase
significantly after MAS is stopped (unlike in Thurber and Tycko, 2014) 12, indicating

that MAS dependent depolarization of the 1H spins is not occurring.
Spectra were acquired at 600 MHz without microwave irradiation at a sample

temperature of 106°+12K. 1H spectra were acquired with a one pulse Bloch decay,

and 13C experiments via CP from 1H with 100 kHz of SPINAL decoupling during

detection.
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—— 0.5 mM 1:1 TMP-T, >98% 2H,MW off, x 25 b —— 0.5mM 1:1 TMP-T, 20% 1H, MW off x8
e 0.5 MM 1:1 TMP-T, >98% 2H, MW on ——0.5 mM 1:1 TMP-T, 20% 1H, MW on,
250 200 150 100 50 0 (ppm) 250 200 150 100 50 0 (ppm)
—— TOTAPOL, <98%2H,MW off, x 26 d —— TOTAPOL, 20% 1H,MW off, x 23
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Figure S13: MW off (red) and MW on (blue) for deuterated (a) and protonated (b)
0.5 mM TMP-T 1:1 samples, respectively. In the deuterated sample, enhancement on
the protein is larger than enhancement on glycerol peaks. In the protonated sample,
enhancement on the protein is less than that on the glycerol. For similar samples
prepared with 21 mM TOTAPOL, 0.5 mM DHFR (c, d), enhancement is relatively
uniform across the sample at both protonation levels. Spectra were acquired at 600
MHz 1H field using CP from 1H with 100kHz SPINAL decoupling during detection, 8
kHz MAS frequency, 106°+12K, and with continuous microwave irradiation.
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Figure S14: DNP polarization buildup curves for TOTAPOL samples at varying
protonation levels show that protonation has little effect on Tg, and that the protein
and glycerol have similar buildup times, in contrast to TMP-T samples (Figure 5c).
The pulse sequence shown in Figure S4 was used. When fit to a saturation recovery
function, Tg was 4.1 s for C’ and 4.2 s for glycerol at >98% 2H, compared to 3.5 s for
C’ and 3.5 s for glycerol at 20% 1H.
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