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Supporting Table and Figure Legends
Table S1. Parameter ranges used as input for Monte Carlo simulations

Table S2. Simulation and quantitative experimental data of CQ transport across
MDCK cells on polyester membranes of varying porosity, at donor compartment pH
6.5 and 7.4. The prefix ‘sim.” indicates simulation data corresponding to 10%, 50%, and
90% quantiles of simulated dM/dt (107 pmol/sec/cell), Pea (10 cm/sec), Papp (10°cm/sec)
and intracellular mass accumulation (10 pmol/cell) at the end of the 5th minute, using the
parameters in Table S1 (non-lysosomal swelling cells). The prefix ‘exp.” indicates the
experimental data.

Figure S1: CQ mass accumulation in the receiver compartment with time for
different experimental conditions. Initial concentration was 1mM except for AP>BL
transport, pH=6.5 on 0.4um membrane which with a initial concentration of 2.5mM.
Three lines indicate 10%, 50%, and 90% quantiles of Monte Carlo simulations,
respectively. Symbols indicate experimental measured mass change in the receiver
compartment with time. Experiments performed on different days were pooled together.

Figure S2. Cell images stained with Hoechst 33342 after transport experiments. (A)
Images were taken for AP->BL transport. (B) Images were taken for BL->AP transport.
Images in the same row were taken for the transport experiments with the same
concentration in the donor compartment. Images in the same column were taken for the
transport experiments with the same type of membrane and pH value in the donor
compartment.

Figure S3. Binding of mono- and di-cationic species of CQ to resident, anionic
macromolecules and phospholipids, can account for observed accumulation during 4
hour incubation period. Monte Carlo simulations were performed the same as before
except that logKy = log Kgq = 2.3 (calculation was described in Method) were used instead
of logP4; = [-0.07, 0.93] and logPg; = [-1.41, -0.41] (Table S1) in equation 17 of reference 1
in cytosol, lysosomes, and mitochondria, i.e. the adsorption coefficient x| «1.22 x102¢ for

mono- and di-cationic species of CQ, where L is the lipid fraction in each compartment.
The lipid fraction was fixed as 5% in these simulations. Thus the adsorption coefficient for
mono- and di-cationic species of CQ was also fixed as above. X-axis indicates log10
(intracellular mass, pmol/cell) and y-axis indicates density. Red solid lines indicate mean
values of measured intracellular accumulation of CQ (pmol/cell) after 4 hours incubation
with initial concentration of 1mM. Red dashed lines indicate standard deviation.
Simulations were also performed with initial concentration of 1mM. The first and third
columns indicate simulations without lysosomal swelling or intra-lysosomal pH increment.
The second and fourth columns indicate simulation with lysosomal swelling and intra-
lysosomal pH increment.

Figure S4. Parametric sensitivity analysis. For each individual parametric analysis, one
parameter was changed and other parameters were fixed at mean values in Table S1. Unit



for concentration is mM, for intracellular mass (Intra. Mass) is pmol/cell, for permeability
(Pcenn and Pgpp) is 10"°cm/sec, and for transport rate (dM/dt) is 10 pmol/sec/cell.

Table S1.
logP, [3.43, 4.43]
pPKa1 [9.46, 10.46]
PKaz [6.97, 7.97]
logPg1 [-0.07, 0.93]
logPg, [-1.41, -0.41]
cell number / insert [ 2x10°, 4x10°]
pore density [ 3.2x10°, 4.8x10°] for membranes with 0.4um pores
(pore number / cm?) [ 1.6x10° 2.4x10°] for membranes with 3um pores
A, (um?) [100, 1000]
Ainsert (cm22) 1.12
Apore (UM°) average pore area/cell = cell numperllnsert x area of single pore
pore density x A, ...,
Ap (Umz) [Apore, 100]
Ve (um?°) [500, 3000]
b v, (um? [9.24, 23.8] / [196.5, 906.3]
Vi (UM°) [10.48, 262]
= A (Um?) 314
& Am(Um?) 314
% Vp (Um®) 1.5mL for AP->BL transport, volume of donor compartment
0.5mL for BL->AP transport, volume of donor compartment
Ea(MV) [-14.3, -4.3]
Ei(mV) [5, 15]
Ep (MV) [6.9, 16.9]
& Em(mV) -160mV
pH. [7.0, 7.4]
¢ pH [4.8,5.2] / [4.63, 6.37]
pHm [7.8,8.2]
pPHa [7.0, 7.4] for pH=7.4 in the donor compartment
[6.4, 6.6] for pH=6.5 in the donor compartment
Lc [0.05, 0.15]
Lm [0.05, 0.15]
L [0.05,0.15]
& pHap 7.4; pH value in the receiver compartment




% indicates parameters that do not influence permeability or intracellular accumulation
calculations shown by performing parametric studies

® Uniform distribution upper and lower boundaries for lysosomal volume were calculated based on
experimental measurement and calculated as described below. The measured lysosomal volume was
calculated by equation (s)E1 using measured number and diameter of lysosomes.

V, =nx (%ﬂ(d)s) , (S)E1

where n is the number of lysosomes / cell, and d is the diameter of a lysosome. The average number
of lysosomes per cell was 200 £ 35 (n = 6) and 253 + 45 (n = 5) for treated (50uM CQ for 4hours)
and untreated cells, respectively. The diameter of lysosomes was 1.74 + 0.19 pm (n = 6) and 0.50
0.03 um (n = 5) for treated (50uM CQ for 4hours) and untreated cells, respectively. Thus the
measured lysosomal volume was 551.4 + 204.9 and 16.5 + 4.19 pm® (mean + SD) for treated and
untreated cells, respectively. The standard deviation of lysosomal volume was estimated by equation
(s)E2 (partial derivative method for error propagation estimation)? assuming there is no correlation
between n and d.

_ %2 2 %2 2
SDV.—\/(an) SD,’ +(1)’SD;’ . (92

The equations (s)E3 and (s)E4 were applied to calculate the upper (b) and lower (a) boundaries of the
uniform distribution of V.

mean = %(a +Db), (5)E3

) 1
variance = — (b —a)?, (s)E4
12( )" (s)

By plugging in the above measurement, uniform distribution [9.24, 23.8] and [196.5, 906.3] pm®
were used for V| for untreated and treated cells, respectively.

€ Uniform distribution upper and lower boundaries of lysosomal pH for Monte Carlo Simulations
with CQ-expanded lysosomal volume (Figure 6) were calculated as the following. The measured
mean value and maximum standard deviation are 5.5 and 0.5, respectively. Thus the variance is 0.25.
The upper (b) and lower (a) boundaries of the distributions were calculated from equations (s)E3 and
(s)E4, which are derived for uniform distribution probability function. Thus uniform distribution
[4.63, 6.37] was set for pH in lysosomes of cells under 50 uM CQ treatment.



Table S2.

pH =6.5, 0.4um pH =6.5, 3um pH =7.4,0.4um pH =7.4, 3um
10% 50% 90% | 10% 50% 90% | 10% 50%  90% | 10% 50% 90%
A. overall effects of parameters (AP->BL)

simdM/dt | 178 7.75 237| 500 120 313| 117 547 229 | 292 918 321
exp.dM/dt | 2.20+0.718 519+1.01 22.8+0.741 46.6 + 6.28
SimM.Peen 91.0 407 1264 | 926 226 59.7| 602 2904 12401| 541 172 612
exp. Peen 218+34.4 14.0 £3.33 1560 + 161 85.9+15.6
SIM.Pgpp 0455 204 624 131 317 835| 3.04 145 623 | 7.64 239 844
exp.Papp 1.35+0.442 1.98+0471 7.85+0.810 121+2.21
simmass | 0490 1.04 216 | 0451 0971 203| 314 761 180| 299 723 178
exp.mass | 3.73+0.14 1.88+0.54 8.72£0.94 8.90 £ 0.26

B. overall effects of parameters (BL>AP)
simdM/dt | 170 742 229| 488 120 309| 10.7 529 214 | 272 846 309
exp.dM/dt | 5.25+1.24 7.12+0.473 29.4£1.54 63.8+15.9
Sim.Peen 85.4 390 1228 | 9.10 223 58.9 548 2767 11616 50.8 159 585
exp. Peell 382 +81.7 158+ 245 2000 + 353 114 £19.0
SIM.Pypp 0439 196 6.19| 128 313 818| 277 138 574 | 711 224 823
exp.Papp 1.92+0.411 2.24 £ 0.346 10.0+ 1.77 16.2 +2.69
sim.mass | 0.020 0.091 0.309 | 0.060 0.151 0.425| 0.137 0.679 256 | 0378 111 356
exp.mass | 3.52+0.93 4,94 +1.06 8.28 £0.75 11.8+19
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A pH,=6.5, 0.4um pH_=6.5, 3pm pH,=7.4, 0.4um pH_ =7.4, 3um
C,,(uM)

B pH,=6.5, 0.4pm pH,=6.5, 3um pH,=7.4,0.4pm pH =7.4, 3um

Figure S2.
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Parameter Sensitivity Analysis Plots
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