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Text S1. Preparation of the bacteria.

E. coli BW25113 was purchased from the Coli Genetic Stock Center (Yale University, USA).
Before the experiments, E. coli was cultured at 37°C and 250 rpm for 16 h in LB broth (10 g
peptone, 5 g yeast extract, and 10 g NaCl per liter) until cells reached the stationary phase. Cells
were then harvested by centrifugation at 13,000 g for 5 min, washed 3 times, and diluted to the

target initial colony-forming unit (CFU) per mL by pyrogen-free water or KCl (=99%, Sigma-

Aldrich) solutions. KCI is the major component of saliva, which has phase transition behavior and
hygroscopicity similar to artificial saliva 1. Hence, we used KCI as a surrogate of respiratory fluid
and studied the effect of solute concentration on endotoxin release in this study. The optical density
(OD) of cells was measured using a cell density meter (Biowave WPA CO 8000, Biochrom Ltd,

UK), and a calibration curve was used to convert between OD measurement and CFU/mL.

Text S2. Measurements of endotoxin activity.

The endotoxin activity was determined based on the well-validated Limulus Amebocyte Lysate
(LAL) reaction protocol.>* The assay contains a G-factor to eliminate the interference from G-
glucan. Specifically, 100 pL Specific LAL assay was well mixed with 100 pL sample and
incubated at 37 °C for 8 min to form active proteases. Then, the 100 uL synthetic peptide
chromogenic substrate Ac-lle-Glu-Ala-Arg-pNA was added and incubated at 37 °C for 6 min to
form pNA. Finally, a diazotization dye: HCI (v/v= 30: 0.4) mixture was added to terminate the
reaction and convert the pNA into light-absorbing complexes. The endotoxin activity was
determined by the light absorption intensity at 545 nm after calibration using a molecular
fluoroscope (SpectraMax M2e). The addition of KCI does not induce low endotoxin recovery

(LER) by aggregating the free-endotoxin (Figure S14).>7

By comparing the activity of the free-endotoxin solution before and after filtration, we found that
filtration caused some loss of the endotoxin activity, and the recovery depends significantly on the
material and slightly on the endotoxin activity. PTFE filtration has the higher recovery (i.e., the
smallest loss) of free-endotoxin compared with Nylon and PES (Figure S15). Lower endotoxin
activity was found with lower recovery. We developed a relationship between the measured

endotoxin activity (i.e., the filtrate) and the actual endotoxin activity (i.e., the unfiltered solution)



(Figure S16). The free-endotoxin activity reported in this study has been scaled using this

relationship.

Text S3. Fraction of membrane-damaged cells.

We used the fluorescent dyes propidium iodide (PI, 20 mM in DMSO, Thermo Fisher) and
SYBR® Green | (SG, 3.34 mM in DMSO, Thermo Fisher) to measure the fraction of cells with
membrane damage. These stains differ in their spectral characteristics and in their ability to
penetrate healthy bacterial cells. When used alone, the SG stain generally labels all bacteria in a
population — those with intact membranes and those with damaged membranes. In contrast, the
Pl strain penetrates only bacteria with damaged membranes, causing a reduction in the SG stain
fluorescence when both dyes are present. Thus, with an appropriate mixture of the SG and Pl stains,
bacteria with intact cell membranes stain fluorescent green, whereas bacteria with damaged

membranes stain fluorescent red.810

A 1:1 (v/v) mixture of Pl and SG solutions was added to a sterilized centrifuge tube with 2 mL DI
water and vigorously vortexed to form a working stain solution. We prepared a new stain solution
every time before the measurement. 100 uL of each sample was added to an opaque 96-well
microplate (Thermo Fisher) and mixed with 100 puL staining solution. The mixture was then
incubated at room temperature and under dark for 15 min. Then, we measured the fluorescence at
an excitation wavelength of 485 nm and emission wavelengths of 530 nm (green) and 630 nm
(red), using a molecular fluoroscope (SpectraMax M2e).'* 12 The fluorescent intensity ratio of red
to green was used to determine the fraction of membrane-damaged cells, based on calibration
using alive and dead cell mixtures in known ratios. The dead cell was prepared by heating the cell
suspension at 90 °C for 15 min, then mixed with the alive cell suspension after cooling down to

the temperature. The background remains virtually nonfluorescent.

Text S4. Formation of reactive oxygen species (ROS).

The intracellular ROS was measured by 2',7'-dichlorodihydrofluorescein diacetate (H2DCFDA,

>97%, Sigma), which is a chemically reduced form of fluorescein. Upon oxidative cleavage of the



acetate groups by ROS, the nonfluorescent H2DCFDA is converted to the highly fluorescent 2',7'-
dichlorofluorescein (DCF). The fluorescent intensity of DCF indicated the amount of ROS.*

ImL cell suspension was centrifuged at 13000x g for 5 min at room temperature, and the
supernatant was removed. 1mL 5 uM H2DCFDA in sterilized and filtrated water was mixed with
the cell pellet and incubated at 37 °C for 1 hour. Then, the mixture was centrifuged again, and after
the supernatant was removed. The cell pellet was washed 3 times using phosphate-buffered saline
(PBS) to remove the extracellular H2DCFDA. Afterward, the cell pellet was resuspended in ImL
PBS. Finally, the fluorescence at 488nm/525nm excitation/emission of the cell suspension was
measured using a molecular fluoroscope (SpectraMax M2e).}* We measured the ROS formation
in the membrane suspension separated from cells, using the same protocol as used for intact cell

suspension.

Text S5. Extraction of the bacterial membrane components.

The cells were disrupted using an ultrasonic cell disruptor (LICHEN) for 2 min. The cell
suspension was conditioned in an ice bath to avoid unwanted damage to cellular components by
heat during ultrasonic treatment. The fraction of membrane-damage cells after the 2 min disruption
was close to 1, based on the PI/SG staining method introduced above. After the disruption, we
centrifuged the cell suspension at 10000 rpm for 5 min. The supernatant was removed, and the
pellet was resuspended using pyrogen-free solutions, denoted as the membrane components. We
found the DCF fluorescence intensity from membrane component separated at 10000 rpm became
similar to that of the intact cell and insensitive to the further rotational speed increase, by
illuminating both using 222 nm for 2 min (Figure S17). Then we assumed 10000 rpm was

sufficient for membrane separation.

Text S6. Phase transition behaviors and RH-dependent concentrations of KCI particles.

We examined the phase transition of deposited KCI droplets (on a hydrophobic substrate) with
different concentrations of cells using a flow-cell system coupled with a microscope (Figure S5).

The morphological change from spheric droplets to irregularly shaped solids suggests that



efflorescence has taken place.> *® The efflorescence RH (ERH) of KCI particles was found at
around 50%, (consistent with the literature® ', irrespective of the cell concentration in the range
of 10°-10” CFU/mL (Figure S9).

Assuming spherical particles, the concentration of the KCI were calculated based on the
measurements of the growth factor (GF, the volume ratio of an equilibrated wet particles to the
dry particle) (Equation 1), using a microscope-flow cell system demonstrated in our previous

work.?
[KCl] = ?Vnﬂ — VK(;EXPKCI — %

Wet Wet (1)
where mkci is the mass of the KCI, Vkci, and Vwet are the volume of the KCI and wet droplet,
respectively. pkci is the density of the KCI (1984 g/L). The [KCI] concentration as a function of
RH from 50% to 93% is shown in Figure S6. Since RH higher than 93% was not accessible due to
experimental limitation, we extrapolated the fitting curve (R?> = 0.9985) to calculate the

concentration.

Text S7. Photochemical aging of the bacteria in water suspension and KCI solution.

A 200 pL cell suspension and a cell-free solution (KCI or water) were added to two quartz cuvettes,
respectively. The cell-free solution controls any endotoxin from the illuminated solution or
ambient. A number of 222 nm KrCI* excimer (30W, DM222, Daylight) or 254 nm Hg (30W, TUV,
Philip) light tubes were installed above the cuvettes (Figure S7). The irradiation distance of the
254 nm light tube was adjusted to make the light intensity comparable with the 222 nm light tubes
(~550 pW/cm?). The depth of the suspension was around 1 cm. A bladeless fan was used to cool
the light tube when it was on. The temperature was maintained at 21+0.4 °C as measured by a
status scope (SCIEX). The mass change of the suspension was less than 0.01% after 10 min. Thus,

we considered the uncertainty induced by evaporation negligible.

Text S8. The effect of crystallization on the EA increase rate constant.



We carried out additional experiments to explore the effect of crystallization on the EA increase
rate constant. The 1 uL bacteria-containing droplets were deposited onto a hydrophobic substrate
in a flow cell and dried by filter-sterilized synthetic air until they formed solid particles, as
observed under the microscope (Figure S5). Then, we adjusted the RH using a wet-dry mixed flow
to the desired level and illuminated the particles. After illumination, the hydrophobic substrate was
moved to an endotoxin-specific storage tube (Bioendo) with 1 mL pyrogen-free water and
vigorously vortexed for 2 min. The recovery of free-endotoxin in KCI crystalline particles using
this method reached (96+3.3) %. The calculation of the EA increase rate constant for these particles
was the same as that used for cuvette samples. The transmission of the quartz window of the flow
cell at 222 nm is around 70%. Thus we multiplied the incident UV doses by 0.7 when calculating

the EA increase rate constant of flow cell samples.’®
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Figure S1. The schematic of the Teflon chamber system.
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Figure S2. Spectra of the far-UVC and UVC light tubes.
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Figure S3. Endotoxin activity ratio as a function of time under dark.
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Figure S10. EAR as a function of time of Pseudomonas putida suspension in pyrogen-free DI
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Figure S11. Reported concentration of gram-negative bacteria in different indoor areas.*8-32
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Table S1. The summarized EA increase rate constants at different conditions.

[KCI] [Cell] Equivalent RH EA increase rate constant x0.1
(g/L) (CFU/mL) (%) (UV dose™)
300 1.50E+07 83.1 (5.48 £1.01)
100 5.00E+06 94.2 (5.31+0.72)
70 3.50E+06 95.6 (4.58 + 0.64)
50 2.50E+06 96.4 (4.17 £0.81)
30 1.50E+06 97.2 (4.42 £0.87)
6 3.00E+05 98.1 (4.29 + 0.39)
3 1.50E+05 98.2 (4.67 +0.63)
2 1.00E+05 98.3 (5.17 + 1.17)
300 1.00E+05 83.1 (5.76 + 1.48)
100 1.00E+05 94.2 (5.16 £ 0.42)
200 1.00E+07 89.3 (4.62 + 1.20)
395 1.98E+07 75.7 (5.32 £ 0.13)
458 2.29E+07 70.1 (5.97 £0.72)
523 2.62E+07 64.4 (4.60 + 1.31)
572 2.86E+07 60.5 (6.30 +0.12)
661 3.30E+07 54.4 (5.81 £ 0.46)
N.A. N.A. 40.0 (0.90 £ 0.04)
N.A. N.A. 20.0 (0.48 + 0.07)
N.A. N.A. 5.0 (0.67 £ 0.03)
N.A. N.A. 40.9 (0.18 £ 0.14)?
N.A. N.A. 23.2 (0.08 + 0.09)?
N.A. N.A. 5.7 (0.12 £ 0.07)

& Data from the flow-cell experiments.
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