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Figure S1: Comparison of proportion of activated T cells in GranSim simulations with MHCII presentation ODEs and without. Median
is shown in black, with simulation runs shown in gray. NHP data is overlaid and jittered over ten-day ranges (as only ranges were
available) for each output (Gideon et al., 2015).



Day 40 Day 80 Day 120
58.32% runs | | 17.28% runs 9.94%runs
0.100 1
3
0.030 1 8 §
0.010 A 77} 8
0.003 -
3000 1 §
Q
2000 - o
©
0
1000 &
n [0}
6 w
>
Q
—' 10000+ o=
lofinn
1000 - 30
T —
100 1 (XF T
| o=
10 3=
1
1000 - =
O
1 -
00 gn)
10 A -
1 -

Days post infection

Figure S2: Chosen runs of GranSim simulations (red) to best representation of the median values for outputs of interest (blue). GranSim
runs that were not chosen are shown in black. Percentage of runs chosen is shown at the top of each column. For each 4 outputs, each
of the red dots fit within a +/- 50% window of the median blue line and are chosen as good representations of all runs.
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Figure S3: Comparison of GranSim simulations with MHCII presentation ODEs and without. Median is shown in black, with simulation
runs shown in gray. NHP data is overlaid for each output (Wessler et al., 2020).
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Figure S4: Results of an intercompartment sensitivity analysis. Here we fixed GranSim parameters and varied parameters within the
intracellular scale model with a readout in the GranSim tissue scale model. Partial rank correlation coefficients (see Methods) for four
time points are shown for six model parameters inputs with their effects on numbers of Mtb-peptide-MHCII complexes on the surface
of macrophages as the output variable.
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Figure SS: Proportion of activated T cells in a simulated granulomas in GranSim run with MHC II dynamics, comparing inhibition of
peptide loading through MHCII downregulation and the negative control of no inhibition over the 28 weeks course of infection.
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Figure S6: Results of an intra-compartment sensitivity analysis of downregulation linking parameters. Here we fixed GranSim and
MHCII sub model parameters and varied downregulation linking parameters with a readout in the GranSim tissue scale model. Partial
rank correlation coefficients (see Methods) for entire virtual infection are shown for the four downregulation process inputs with their

effects on numbers of T cells, macrophages, and Mtb as the output variables. Only significant correlations shown (p<0.05).
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Figure S7: Proportion of T cells that interacted with at least one macrophage. Median is shown in black, with simulation runs shown in
gray. GranSim run with MHC II dynamics, no inhibition of antigen presentation, and all other GranSim parameters set to default.
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Figure S8: Comparison of proportion of activated T cells in GranSim simulations with MHCII presentation ODEs, varying the
maximum number of T cells that can fit within one grid compartment. Median is shown in black, with simulation runs shown in gray.
NHP data is overlaid and jittered over ten-day ranges (as only ranges were available) for each output (Gideon et al., 2015).
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Figure S9: Results of two intra-compartment sensitivity analyses of T cell Mtb-specificity and T cell density. Here we fixed the MHCII
sub model parameters and varied GranSim parameters for probability for T cell Mtb-specificity and separately ran and varied T cell
density, with a readout in the GranSim tissue scale model. Partial rank correlation coefficients (see Methods) for entire virtual infection
are shown for the four parameter inputs with their effects on numbers of T cells, macrophages, and Mtb as the output variables. Only

significant correlations shown (p<0.05).
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Figure S10: Comparison of Mtb clearance in GranSim simulations with MHCII presentation ODEs, varying the maximum number of

T cells that can fit within one grid compartment. Median is shown in black, with simulation runs shown in gray. NHP data is overlaid
for each output (Gideon et al., 2015).
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Figure S11: Results of the combined intercompartment sensitivity analysis. Here we varied both simultaneously the GranSim
parameters and the downregulation linking parameters with a readout in the GranSim tissue scale model. Partial rank correlation
coefficients (see Methods) for entire virtual infection are shown for the eight parameter inputs with their effects on numbers of T cells,
macrophages, and Mtb as the output variables. Only significant correlations shown (p<0.05, columns without significant values were

omitted).



Supplementary Table S1: Differential Equations Describing Molecular Scale MHCII Dynamics

Equation description Equation
IFN-y Receptor Ligand Binding
Change in number of free IFN-y receptors Z—}z = —kon-1eN—yG * R + kogr_1pn—y C + KrecycC
Change in number of IFN-y receptor ligand complexes Z—f = Kon-1FN-yG * R — Kor—1N—y C — KrecycC
MHC Class II Transcription

. dr: c
Change in levels of CIITA mRNA d—tl = Kixn1 (1 +a Rmt) — Kdeg-mrna1T1
Change in levels of CIITA protein Z—IZ = kis11Ty — Kgeg—pP

dr,

Change in levels of MHCII mRNA

Mtb Antigens/Peptides and Self-Peptides

Change in molar concentration of Mtb antigens in endosomal
compartments

Change in molar concentration of Mtb antigen-derived
peptides in endosomal compartments

Change in molar concentration of self-peptides in endosomal
compartments

MHCII Translation & Peptide-MHCII Binding

Change in number of free MHCII proteins in endosomal
compartments

Change in number of free MHCII proteins on cell surface

Change in number of MHCII self-peptide complexes in
endosomal compartments

Change in number of surface MHCII self-peptide complexes

Change in number of MHCII Mtb-peptide complexes in
endosomal compartments

Change in number of surface MHCII Mtb-peptide complexes

ar ktanP - kdeg—mRNAZ T2

dA 1 i
- = (kpino _) A" — kgeg-aA — kiysA

dt UMIIC
1

dE
o kdeg—AA + (koff—MHCMe — kon-mucM - E)- - klysE
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a ksource + [kdeg—MHC (Ms + Ms) — Kon—mucM - S +
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koff—MHCMs] (NAUMIIC) - klysS
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o = Kz t (1 +5 Rtot) T —kon-mucM * S + kogt—mucMs —

kon-mucM " E + kot—mucMe — koueM + kinM™ — kdeg—MHCM

Cc

aMm*

a kouM — kinM™ — kdeg—MHCM

dM;

Fr kon—MHCM "5 - koff—MHCMs - koutMs + kinM; -
kdeg—MHCMs

W = kgueMs — kinM: — k M;

dt out"'s in‘"'s deg—MHC"s

dM,

dt = kon-mucM * P — kofr—mucMe — koutMe + kinMg —
kdeg—MHCMe

dM; i * *
ar koutMe - kinMe - kdeg—MHCMe




Supplementary Table S2: Molecular Scale MHCII Dynamics Parameters (Estimated from Chang et al., 2005)

Parameter Parameter description Value (LHS Ranges)
kon—1rN-y Association rate constant of IFN-y receptor-ligand complex 1.2 x 107 /s, (5.0 x 10%,1.3 x 107)
kogr—1rn—-y Dissociation rate constant of IFN-y receptor-ligand complex 9.8 x 1073/s, (20%x1073,1.0 x 1072)
krecyc Rate constant for receptor internalization and recycling 2.5x107%/s, (1.4 x1075,6.0 x 107%)
a Scaling factor for CIITA transcription 4.5 x 101, (1.0 x 10%,5.0 x 10%)
kqeg—mrna1  Rate constant for degradation of CHHTA mRNA 2.1 x1075/s, (7.0x1077,7.0 x 107%)
kgeg-p Rate constant for degradation of CIITA protein 5.5 x 107%/s, (20%x1075,8.0 x 10™%)
kqeg-mrnaz  Rate constant for degradation of MHCII mRNA 1.7 X 1073 /s, (20%x107%,1.8x 107%)
-17 -17
kpino Average rate of pinocytic uptake per cell ?'01_?6)1 0=L/s, (14 X107, 6.0
kgeg—a Rate constant for antigen processing 1.6 X 1073 /s, (6.4%x1075,2.4x1073)
kyys Rate constant for antigen degradation 1.3 x 1073 /s, (3.0x1075,3.0x 1073
kon—muc Association rate constant of peptide-MHC complexes 1.1 X 10%2/M - s, (5.6 x 10%,5.6 x 10%)
kott—muc Dissociation rate constant of peptide-MHC complexes 1.3 x 1072 /s, (8.0x107%,4.0 x 1072)
kgeg—mHc Rate constant for degradation of peptide-MHC complexes 9.3 x 107%/s, (5.0x 107%,1.3 x 107%)
B Scaling factor for MHCII translation 42 %100, (4.0 x 10°,8.0 x 10°%)
Kous Rate constant of MHCII protein transport from endosomes to 40 x 10-4/s, (6.0 x 10-5,3.0 x 10-3)
the plasma membrane
ksource Rate of self-peptide synthesis kiys = So
Kixn1 Rate constant for CIITA transcription kgeg—mrna1 * T10
kisia Rate constant for CIITA translation kaeg-p - %
Kixnz Rate constant for MHCII transcription kgeg—mrnaz - T;—:)
kisio Rate constant representing MHCII translation K deg—MHC ° <M°+M°+MS’O+MS'°)
Rate constant of MHCII protein internalization from the plasma _Pin ko —k
kin _._ out deg—MHC
membrane 1-DPin
Vaiic Total volume of the MHClI-accessible endosomal 4.0 % 10-16L,
compartments
Riot IFN-y receptors per cell 1.0 x 10*
Pin Fraction of all MHCII that are intracellular 33x1071



Fraction of all MHCII that are bound to self-peptide
Total number of MHCII proteins on and in a macrophage
Avogadro’s number

8.0x 1071
2.0 x 105
6.02 x 10%3




Supplementary Table S3: Molecular Scale MHCII Dynamics Variable Initial Conditions (Estimated from Chang et al., 2005)

Variable Variable description Value
R, Number of free IFN- y receptors Riot
Co Number of IFN- y receptor ligand complexes 0
Ti 0 Levels of CIITA mRNA 1
P, Levels of CIITA protein 1
T;p Number of MHCII mRNA 1
Ay Molar conc. of Mtb antigens in endosomal compartments 0
E, Molar conc. of Mtb peptides in endosomal compartments 0
So Molar conc. of self-peptides in endosomal compartments kdeg‘MHc'(]VIZS'°+MS'°);I(°”‘MHC'MS'°
on—-MHC Mo
M, Number of MHCII proteins in endosomal compartments glain : (1 = Ppound) * Miot
My Number of MHCII proteins on cell surface p_pm My
M Number of MHCII self-peptide complexes in endosomal compartments —:;‘]’J““dd M
50 Number of MHCII self-peptide complexes on cell surface 1;::“ "M
M, Number of MHCII Mtb-peptide complexes in endosomal compartments 0
0.0 Number of MHCII Mtb-peptide complexes on cell surface 0




Supplementary Table S4: Molecular Scale MHCII Dynamics Scaling Factors Used to Represent Mtb Down Regulation of MHCII

Processes
Parameter Parameter description Value
d Maximum rate of Mtb down regulation of antigen processing (kgeg—a) achieved by the
deg—A . . 0.25—-1.00
system, at saturating Mtb concentration
Maximum rate of Mtb down regulation of MHCII maturation (k1) achieved by the system,
dtSlZ . . 0.25 - 1.00
at saturating Mtb concentration
d Maximum rate of Mtb down regulation of MHCII peptide loading (k,,—muc) achieved by 025 — 1.00
on—-MHC the system, at saturating bacterial concentration ' '
Maximum rate of Mtb down regulation of MHCII transcription (ki) achieved by the
dtxnl . . 0.25 - 1.00
system, at saturating Mtb concentration
Apalf Number of intracellular Mtb at which the reaction rate is half of Mtb down regulation 5




Supplementary Table S5: Mtb Down Regulation of MHCII Processes Equations

Equation description

Equation

Mtb down regulation of antigen processing
Mtb down regulation of MHCII maturation
Mtb down regulation of MHCII peptide loading

Mtb down regulation of MHCII transcription

ddeg-a-(# Mtb in Mac)
dhalf+(# Mtb in Mac)
dis12-(# Mtb in Mac)

dhalf+(# Mtb in Mac)
don-Mmuc (# Mtb in Mac)

dnarf+ (# Mtb in Mac)
dixn1(# Mtb in Mac)

dp s+ (# Mtb in Mac)

mtbDownReggeg_a = 1

mtbDownRegs, = 1

mtbDownReg,,_mpuc =1 —

mtbDownReg,,; =1




