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Figure S-1: Microcrystals of human NQO1. Crystals of 10 x 2 x 2 μm3 in size were grown by the batch 
method (inset panel) in 0.1 M Tris pH 8.5, 0.2 M sodium acetate, 20 % PEG 3350 and 20 µM FAD.

Figure S-2: (a) Photograph of MFX experimental setup with crystal shaker (left top), HERA chamber 
(right, top), and other hardware components (bottom) required for droplet generation. (b) Zoomed-in 
detail of the modular droplet injector installed in the HERA chamber.



Figure S-3: Droplet leading edge sweep implementation with NQO1 crystal-laden droplets where 
leading-edge during a parameter sweep was measured across 0.5, 1.0, 1.5, and 2.0 ms of electrical 
stimulation durations.

Figure S-4: Droplet leading edge phase sweep implementation with phycocyanin crystal-laden droplets. 
(a) Measured leading-edge during a parameter sweep across 1, 3, 5, and 7 ms phase delay set-points. (b) 
Normalized droplet hit rate (blue) and phycocyanin crystal hit rate (black) during this parameter sweep. 
Hits for each  were 5 for 1 ms, 177 for 3ms, 359 for 5 ms and 6 for 7 ms.𝜙𝑠



Table S-1: Comparison of modular droplet injection and continuous injection for three batches of 

phycocyanin.

Sample Injection 
Method

 𝜙𝑠
(ms)

Avg Flow 
(µL/min)

Indexed 
patterns/µL Resolution

Droplets 1, 2, 4, 7 4.5 10.2

Droplets 3 5.0 13C
Droplets 5 4.0 18.2

1.9 Å

Droplets 1,2,7 4.4 7.0

Droplets 3 4.0 7.8D
Droplets 5 4.0 2.6

1.9 Å

E GDVN - 21.3 5.0 1.9 Å

Figure S-5: Unit cell size distribution. It is shown for the 4446 indexed and integrated diffraction 
patterns included in the structure solution. A Gaussian function was fit to each distribution, and the mean 
was calculated using the cell_explorer program from the CrystFEL software package. 



Figure S-6: Representative diffraction pattern of a single human NQO1 microcrystal. The red and yellow 
boxes show Bragg reflections up to ~2.2 Å resolution, which have been highlighted by arrows.

Table S-2. SFX data collection and refinement statistics. 

Values for the outer shell are given in parentheses.

 NQO1-MDI Phycocyanin-MDI

Data collection statistics

XFEL / beamline MFX / LCLS MFX / LCLS

Wavelength (Å) 1.285  1.285

Pulse duration (fs) 40  40

Temperature (K) 293  293

Detector ePix10k  ePix10k

Sample-detector distance (mm) 86.3  86.3



No. of hits / indexed patterns  11364 / 4343  11504 / 7460

Space group P212121  H32

a, b, c (Å) 61.4, 107.6, 198.1 188.3, 188.3, 61.1

α, β, γ (°) 90, 90, 90 90, 90, 120

Resolution range (Å)  24.5 – 2.7 (2.8-2.7)   24.6 – 2.0 (2.1-2.0)

No. of unique reflections  36928 (3619)  54596 (5458)

Completeness (%)  100 (100) 100 (100)

Multiplicity  46 (22)  28 (18)

CC*  0.923 (0.520)  0.9140 (0.501)

Rsplit  48.8 (225.6)  49.7 (178.3)

Avg. I/σ (I)  1.9 (0.5) 1.8 (0.6)

 

Refinement Statistics

Resolution range (Å)  23.9 – 2.7 (2.8-2.7) 22.3 – 2.0 (2.1-2.0)

No. of reflections, working set  35013 26538 

No. of reflections, test set  1822 1380

Rwork/Rfree  22.7 / 26.8 20.4 / 25.5

 

No. of non-H atoms  9118 2763

Protein 8739 2488

Water 163 126

Others 0 1

Ligand 216 147

 

R.m.s. deviations



Bond length (Å)  0.005  0.0067

Bond angles (°)  1.162 1.372

Average B factors (Å2)  46.0 26.3

 

Ramachandran plot

Favored (%)  97.0 97.9

Allowed (%)  3.0 1.8

Outliers (%)  0 0.3
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