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Supplementary information

Primary cell preparation

Alveolar epithelial type 2 cells

Fresh lung explants were obtained from 3 patients suffering from bronchial carcinoma, who
underwent lung resection at local thoracic surgeries. The study was approved by the ethics
committee at the Charité clinic (projects EA2/050/08 and EA2/023/07) and at Philipps
University Marburg (project 224/12) and written informed consent was obtained from all
patients. Alveolar epithelial type 2 cells (AECII) were isolated as described before'.
Briefly, human lung tissue was cleared from alveolar macrophages (AMs) by repeated
perfusion, finely minced and digested with trypsin type I (0.25%) and DNAse (350U/ml).
The digested tissue was filtered through gauze strainers and for differential adherence of
residual AM cells were incubated in HBSS:Hybridoma-SFM medium. The non-adherent
cell fraction was collected and layered on a Pancoll discontinuous gradient. After
centrifugation, AECII at the interfacial layer were washed and finally seeded at 5*10°
cells/well. AECII cells were cultured for 6 days in SABM medium with SAGM BulletKit

supplements (Lonza) before experimentation.

Blood-derived macrophages

Blood-derived human macrophages were obtained as described before. Briefly, monocytes
were isolated from buffy coats obtained from the center for transfusion medicine and
hemotherapy, University Hospital Giessen and Marburg GmbH by Miltenyi MACS CD14

positive selection according to the manufacturer’s instructions. After 6 days of culture in



RPMI 1640 (1 % glutamine and 1% Human Serum Type AB), experiments were

performed. All donors gave informed written consent.

Lactat dehydrogenase (LDH) release - assay
LDH-release in the supernatants of infected (MOI 0.5 at 48 h time point) primary human
alveoar macrophages and THP-1 cells was analyzed using the cytotoxicity detection kit

from Roche Diagnostics GmbH according to the supplier’s protocol (Fig S14).

Model description

Based on the scheme (Fig. 5a), which summarizes the most relevant molecular interactions
in alveolar epithelial cells during L. pneumophila infection, we developed a model of
ordinary differential equations to describe the NF-kB signaling pathway activated by
flagellin and IL-1p °. In lung epithelial cells, flagellin and IL-1B can activate the pathway
through TLRS and IL-1 receptor, respectively. After recognizing these ligands, recruitment
of protein effectors such as IRAK-4 can result in the phosphorylation of IRAK-I.
Phosphorylated IRAK-1 leads to the activation of IKK, whose active form can release free
NF-kB by degrading IxBo. The transcription factor NF-«B enters the nucleus and
upregulates the transcription of many genes. Among these genes the model includes /xBo
and /L-8 mRNA, which are further translated into IxBa and IL-8, respectively. As IL-8 is a
pro-inflammatory cytokine, it was used as a surrogate for the inflammatory response
triggered by lung epithelial cells during L. pneumophila infection. The developed model

consisted of 10 variables and 20 kinetic reactions (S1-S3 Tables).



Parameter estimation

The four time-series experiments used for parameter estimation included sustained
stimulation of lung epithelial cells (A549) by different amounts of L. pneumophila (MOI 10
and 100) and sustained or temporal stimulation of A549 cells by IL-1B (1 ng/mL). To make
the two stimuli comparable, we assumed that flagellin is the dominate stimuli during L.
pneumophila infection of alveolar epithelial cells. This was in line with previous
experimental results demonstrating an unresponsiveness of A549 cells to TLR2 stimulation
with L. pneumophila lipopolysaccharides and Pam3Cys (data not shown). Then, we
converted the MOI 10 and MOI 100 of L. pneumophila into flagellin concentrations using
the following calculation.

L. pneumophila has a single polar flagellum and each flagellum consists of ~2*10* copies
of flagellin with a mass of ~48 kDa *. This results in a total amount of flagellin of ~9.6*10®
Da for each bacterium. Since 1 Da equals ~1.66*107"° ng, each bacterial flagellum has
~1.594%10° ng flagellin. 5*10° lung epithelial cells were infected with either 5%10° (MOI
10) or 5*%10” (MOI 100) bacteria in a volume of 1 mL. So, MOI 10 and MOI 100
correspond to flagellin concentrations of 1.594*10°*5%10°=7.97 ng/mL and 1.594*10"
6%5%107=79.7 ng/mL, respectively. These numbers were used for fixing the initial values of
the variable flagellin during the parameter estimation (i.e., MOI 10: flagellin(0)=7.97; MOI
100: flagellin(0)=79.7). Similarly, for the sustained stimulation with IL-1[ the initial value
of the variable /L1 was fixed at one (i.e., IL15(t)=1) due to the reason that 1 ng/mL of IL-
1B was used to stimulate the alveolar epithelial cells, and for the temporal stimulation its
value was set to zero after 2 h (i.e., IL1f(0)=1 and IL1p(t>2)=0) because the medium was

exchanged at that time point.



Among the 24 model parameters, four were characterized using biological knowledge and
six were fixed. Specifically, the half-life (t;;5) of molecular spices derived from data or

literature were used to characterize the corresponding degradation rate constants using the

. d legl ¥R de Fyn de
equation kie? = —=; we set kjpypy = Kjmagy and kpppy = Kjop to make the steady states

of IRAKI and IKK equal to their initial values when the inputs (i.e. IL1f and flagellin) of
the system were zero; we set the values of K;, K,, K; and Ny, to one for simplicity. The
remaining 14 parameters were estimated by fitting model simulations to the experimental
data accounting for the temporal dynamics of NF-«kB signaling pathways of lung epithelial
cells in response to flagellin and IL-1p stimulation derived from our own experimental data
(Fig. 5b). Of note for IRAK1,,, since the experimental data showed a quite stable IRAK-1
protein expression until 12 h, we assumed that the stability of IRAK-1 protein is not
affected upon infection of alveolar epithelial cells with a low amount (MOI 10) of L.
pneumophila. The two stimuli (flagellin and IL-1B) were set as constants for sustained
treatment of alveolar epithelial cells, whereas IL-13 was modeled as an impulse at time
zero for 2 h using the step function for temporary challenge or co-culture experiments.
Based on the knowledge about molecular reaction rates and signal transduction speeds
within cells °, the searching interval for unknown parameters was [4"‘10'4 2.5*103]. This
restricted the speed of biochemical reactions on a scale from seconds to hours. The
searching interval of known parameters was constrained on their initial values with 10%

T de deg de .
variability (¢.g. Kgar1,> Kimags and Kpi7e). To ensure a comprehensive search of the

defined log transformed parameter space, we generated 5000 initial parameter sets using



the Latin Hypercube sampling method. Then, we used these parameter sets as inputs for

parameter estimation which aims to minimize the cost function
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where yfete (r}.) denotes the measurement of the observable i at time point #.
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g5%"® represents the corresponding standard deviation of the experimental data, and
¥; (p, t}-) is the i™ observable predicted by the model, which was configured with the
parameter set p for time point ¢. M accounts for the number of observables and H for the
number of time points measured. The optimal parameter set was characterized by a minimal
distance between model simulations and experimental data and their values can be found in

S4 Table. The parameter estimation was implemented using SBtoolbox2 package under

Matlab2012b °.

Parameter identifiability analysis

We adopted the profile likelihood method to generate a cost function profile for each
estimated parameter '. Briefly, we used the optimal parameter set obtained from the
parameter estimation step as a starting point. Then, for each estimated parameter we
perturbed its value in the defined interval and re-optimised the other parameters to calculate
the cost function profile over the defined parameter searching interval. Finally, we set the
threshold A= ¥ (a,df) with 0=0.68 and df=1, which is the a quantile of the xz (chi-
square)-distribution with df degrees of freedom, to locate the confidence interval for each of
the estimated parameters. The initial results showed that eight out of 14 unknown

parameters are practically non-identifiable in the defined searching interval. Further



analyses showed that this issue was a result of strong correlations among some parameters.

The parameters kZ87%e, k27 and k8552 showed not only strong correlation with each
other but also high variances for the best 200 fittings out of the 5000 estimations (S13 Fig.).

To resolve this issue, we fixed kiige at its optimal value and re-performed parameter

estimations using another 5000 parameter combinations and repeated the parameter

identifiability analysis. The results showed that the other two parameters (kimy and
kEranse) had much less variances after fixing the value of k275 (S13 Fig.). Finally, eight

out of 14 estimated parameters were identifiable and the others were practically non-

identifiable (S8 Fig.).

Model validation

After calibration, the model was first validated with our data showing a hypo-
responsiveness of lung epithelial cells to flagellin stimulation mediated by an initial
challenge with IL-1p (Fig. 3d and 6a). Accordingly, the model was configured based on
experimental procedure: /LIS was set to one for the first 2 h; after 4 h of incubation
flagellin was set to 100; the simulated values of m/L8 and IRAK1,, at the time point 9 h
were extracted and compared with corresponding experimental data. These data originated
from individual IL-1PB or flagellin treatments as well as re-stimulations and untreated
alveolar epithelial cells served as control. Both simulation results and experimental data
were normalized to the maximum value of the four plotting scenarios (Fig. 5S¢ and 6b).

The model was further validated by experimental data showing a hypo-responsiveness of

lung epithelial cells to L. pneumophila infection upon co-culture with L. pneumophila-



infected macrophages (Fig. 3a and 6¢). Accordingly, the model was configured based on
the experimental procedure: /L1f was set to 0.7 in the interval of [0 48] h, as the measured
concentration of IL-1p was 0.7 ng/mL after infection of macrophages with L. pneumophila
(MOI 0.5) for 48 h (Fig. 1b); after 4 h of incubation, flagellin was set to 79.7; the simulated
values of mIL8 and IRAKI,, were extracted at the time point 55 h and compared with
corresponding experimental data. For this purpose, alveolar epithelial cells were co-
cultured with L. pneumophila infected macrophages (MOI 0.5), directly infected with L.
pneumophila (MOI 100) or both. Data from untreated pulmonary epithelial cells was used
as control. Both, simulation results and experimental data were normalized to the maximum
value of the four scenarios for plotting (Fig. 5d and 6d).

In IRAK-1 knockdown experiments, IRAK-1 protein expression was reduced by 78%
(S11c Fig.). To imitate the knockdown of IRAK-1 protein as a result of siRNA transfection,
we set IRAK1(0)=0.22 and kg4, =0.22%0.0961. We simulated the kinetic model and
extracted the steady states of m/L8 and IRAK1,,,. For comparison of model simulations and
experimental data, we normalized measured and simulated expressions of /RAK1,, to the

control scenario and m/L8 to its maximum value in the individual scenarios (Fig. 6¢).

Sensitivity analysis
To identify parameters’ impact on the steady states of model variables, we computed their

sensitivity indexes using the following equation

_ (¥ (p; +8p;) — xF(@))/xE (2;)
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where x;*(p;) denotes the nominal steady state of the model variable x; when the parameter
p; 1s fixed at its nominal value. x7* [-p}- + Ap j) represents a new steady state after increasing
the parameter value by 10%. The calculated Sj; denotes how much the change of the steady
state of x; in percent (normalized by x;~ (p;)) is caused by the change of the corresponding

parameter p; in percentage (normalized by p)). If S; is greater than zero, the change of p;

55
i

leads to the change of x in the same direction (i.e. decrease or increase), otherwise the
change of p; leads to the opposite change of x;*. The bigger the distance value of Sj; to zero
is, the more sensitive is x7° to p; (S12 Fig.). Similarly, instead of using the steady states of

model variables, we calculated the sensitivity indexes for model parameters by means of

the overall production of IL-8 (IL8%]] d) during a certain time period, which was defined by

the following equation

tot 2

L8l = [0 1L8(0)* dt, IL8(£)* = kije"! - mIL8
where the time period was set to 100 h, at which /L8 already reaches its steady state. To
imitate the experimental condition, we set /L15=0.001 up to 48 h and flagellin=1 from 52 h.

The corresponding sensitivity indexes were calculated using the following equation

prod rod prod
s (p; + Apy) — ILB T () /1L85° (1))
N ﬂ'p}.’l’p}

Besides, we perturbed the nominal values of kf;fmp and kyreg by 25% to show their

prod

impact on the temporal dynamics of IL8;_,

. The results are shown in Fig. Se.



The in silico experiment
We used the following equation to calculate the overall production of IL-8 during a certain

time period (Fig. 7a)

tot

e
1L877°¢ =f IL8(t)* dt, IL8(t)* = kg™ - mILS,
0

where the time period starts from zero and ends at the time point, which is ¢ h after the
beginning (7) of flagellin stimulation. We set ¢ to 30 h, as simulations showed that after

this time period /LS reaches its steady states after A549 cells stimulation with IL-1f alone

for 2 h. IL8"°% was calculated for different combinations of T and tiﬁmm. T and tiﬁlmp

values were sampled 100 times in the interval of [0 45] h and Kjgag,,*[107 10],

respectively. Given individual simulations, we used different values of T (Fig. 7b-h),

IRAK1p

ti.:' 2

(Fig. 7b-v) or both parameters (Fig. 7b-d) and plotted the corresponding temporal

dynamics of /L8 and IRAK1,,,.
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Figure S1: Cytokine release of blood-derived macrophages upon infection with L.
pneumophila. Blood-derived macrophages (BDM) were stimulated with L. preumophila
(MOI 0.25) for 48 h. (A) IL-8 secretion was measured by ELISA, (B-E) secretion of IL-1,
TNF-a, IL-6 and IL-10 were measured using Multiplex Luminex Assay. Data are shown as

mean + SEM (n = 3). Student’s t-test was performed as described: * p < 0.05, ** p <0.01.
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S2 Fig. Susceptibility of A549 cells to IL-1p or TNF-a treatment. A549 cells were
incubated with increasing concentrations of either IL-f (A) or TNF-a (B) for 12, 24 and 48
h, respectively. IL-8 expression was analyzed by RT-qPCR and normalized to the
corresponding unstimulated control. Data are shown as mean + SEM (n = 3). Statistical

analysis was performed as described: * compared to matching control; ** p < 0.01, **** p

<0.0001.
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S3 Fig. Pro-inflammatory cytokine release in a co-culture system of L. pneumophila-
infected THP-1 and A549 cells. THP-1 cells were stimulated with L. pneumophila (MOI
0.5, 24 or 48 h). IL-6 (A), IL-1P (B), and TNF-a (C) secretion of co-cultures was measured
by ELISA; black lines: cytokine release of THP-1 cells 48 h post infection calculated
according to figure 1. Statistical analysis was performed as described: * compared to
corresponding control, # compared to equally treated 24 h sample; * p < 0.05, ** or ## p <

0.01, ### p < 0.001, **** p <0.0001, ns = not significant.
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S4 Fig. L. pneumophila transfer to the lower compartment in a co-culture system of
THP-1 and A549 cells. THP-1 cells (upper compartment) co-cultured with A549 cells
(lower compartment) were infected with L. pneumophila (MOI 1, 48 h). An input control
and the supernatants of the lower compartment were plated on BCYE agar. CFUs of the
lower compartment were counted after three days compared to input controls. MOIs were
calculated by means of counted CFUs and the following cell numbers: 8*%10* cells/cm?
(THP-1 cells) and 1.2*10° cells/cm® (A549 cells). Data are shown as mean = SEM (n = 3).
Statistical analysis: two-tailed Student’s t-test; * compared to the upper compartment; ****

p <0.0001.
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S5 Fig. Removal of L. pneumophila-infected THP-1 cells leads to basal /L-8 expression
in co-cultured A549 cells. THP-1 cells were stimulated with L. pneumophila (MOI 0.5) for
48 h. Upon their removal, A549 cells were incubated in fresh medium for 4 or 6 h,
respectively. [L-8 expression was analyzed by RT-qPCR and normalized to the
corresponding untreated control. Data are shown as mean £ SEM (n = 4). Statistical
analysis was performed as described: * compared to matching control, # compared to
corresponding L. pneumophila-infected sample; **** or #### p < 0.000.1, ns = not

significant.



'.g‘m
o

300+

@

(=]
i
(=]
i
o

o

=3
n
-
o
=]

e

=
n
-
B3
=

(relative to control)

=
(=]
i
o
o
1

x-fold expression of IL-8 mRNA
(relative to control)

x-fold expression of IL-8 mRNA

o
[=]
b

+ - + THNF-a - + - + IL-1p
- + + flagellin - - + + THF-a

S6 Fig. TNF-a is insufficient to induce the hypo-responsiveness of epithelial cells.
A549 cells were stimulated with (A) TNF-a (100 ng/mL) or (B) IL-1B (1 ng/mL) for 2 h.
Following medium renewal and incubation for 4 h, A549 cells were stimulated with (a)
flagellin (100 ng/mL) or (b) TNF-a (100 ng/mL) for 3 h. /L-§ expression was analyzed by
RT-gPCR and normalized to the unstimulated control. Data are shown as mean = SEM (n =
4). Statistical analysis: two-tailed Student’s t-test; * compared to single TNF-a treatment;

**% p < (0.001, ns = not significant.
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S7 Fig Paracrine mechanisms render alveolar epithelial type II cells hypo-responsive
to L. pneumophila infection. AECII cells were stimulated with IL-1B (1 ng/mL) for 2 h.
Following medium renewal (4 h incubation), cells were stimulated with flagellin (100
ng/mL) for 3 h. /IL-8 expression was analysed by RT-qPCR. Data are shown as mean =+
SEM (n = 3). Two-tailed Student’s t-test was performed as described: § compared to

flagellin stimulation; § p <0.0.5.
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S8 Fig. Cost function likelihood profiles for the estimated parameters. The parameters
were perturbed in the defined interval. The optimal parameter values are indicated by red
squares. The cyan dotted line is the threshold that indicates a 68% confidence level. The
points of profile and threshold pass-over determined likelihood-based confidence intervals
(sub-figure titles). Cost function likelihood profiles that have a unique minimum but can
cross the confidence threshold in one direction revealed practically non-identifiable
parameters (.8, Kinuey , Kinaer» kieg, k122 | and kiTa7<1) The remaining parameters are

identifiable and have finite confidence intervals. Discontinuities in the profile likelihood

stem from local minima that govern the profile likelihood in remote regions.
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S9 Fig. IRAK-1 protein levels are not affected by TNF-a treatment. A549 cells were
stimulated with TNF-a (100 ng/mL, 2 h). After medium renewal and incubation for 4 h,
A549 cells were stimulated with flagellin (100 ng/mL, 3 h). Protein levels of IRAK-1 and a
tubulin were analyzed by western blotting and quantified. One out of four representative

blots is shown.
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S10 Fig. Hypo-responsiveness cannot be mimicked by miR-146a overexpression. (a)
A549 cells were stimulated with IL-18 (1 ng/mL, 2 h), followed by medium renewal and
incubation for 4 h. Next, A549 cells were stimulated with flagellin (100 ng/mL, 3 h). miR-
146a expression was analyzed by RT-qPCR (mean + SEM, n = 4). (b-d) Cells were
transfected with control (scr) or miR-146a mimic (24 h) prior to flagellin stimulation (100
ng/mL, 3 h). (b) miR-146a, (c) IRAK-1, and (d) IL-8 expression was analyzed by RT-qPCR
and normalized to an untreated scr (mean = SEM, n = 4). Statistical analysis: (a) two-tailed
Student’s t-test; # compared to flagellin treatment; ## p < 0.01; (c, d) as described: *
compared to corresponding scr, § compared to corresponding untreated sample; ** p <

0.01, *** p <0.001, **** or §§§§ p <0.0001; ns = not significant.
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S11 Fig. Knockdown of IRAK-1 in A549 cells. A549 cells were transfected with control

(scr) or IRAK-1 siRNA. Upon 48 h, cells were stimulated with either flagellin (100 ng/mL)

or TNF-a (100 ng/mL) for 3 h. (a) The model was used to predict IRAK-1 expression upon

its depletion, which was in accordance with the experimental data. IRAK-1 (b) mRNA and

(c) protein expression was analyzed by RT-qPCR and western blotting followed by

quantification, respectively. (b) mRNA expression was normalized to an untreated control.

Data are shown as mean = SEM (n = 4). (¢) One out of four representative blots is shown.
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S12 Fig. Sensitivity analysis of model parameters against the steady states of model
variables. The x and y axis denote model parameters and variables, respectively. The color
represents the values of sensitivity indexes Sj. The more yellow (S;>0) or blue (S5;<0) the
color is, the more sensitive is the steady state of a model variable to a parameter (i.e. small
change of the parameter value can lead to a significant change in the steady state of the
model variable). The green color (i.e. S$;=0) indicates that the steady state of a model
variable is insensitive to a parameter (i.e. change of the parameter value cannot alter the

steady state of the model variable).



K29 | 0.6040.00 (0.2%)

K299, 0.60£0.00 (0.3%) { R1
kﬁ;’:’p 6,65£0.70 (10.5%) ! KB, 17.024081 (11.1%)
K9 10,1043 65004 (0.4%) i Ky, | 0.1043.740-04 (0.4%) \

Kl 0.0741.38.04 (0.2%) | Kig™ 0072186004 02%) |

KIS82. 14 47240 83 282 2% KIoracd 252,8443.62 (1.4%) |

Krarac'l 5.526-0421.596-04 (28.7%) [1— - KIroroch 57900421 73-04 (20.8%) |

Ko, - 126.8547.90 (6.2%) o K | 116.9949.11 (7.8%)

kiroes! | 18.2740.98 (5.4%) - Koo' - 18.6741.51 (8.1%)

000 o 1524002 (1.3%) i KEoG 1564002 (1.6%) |

K ese - 30.55486.37 (282.8%) S Koo - 540.26+0 (0.0%)

nrvg [ 1.76£0.03 (1.5%) i Koo | 1.7140.02 (1.3%) |

kG [ 0.5120.19 (87:7%) - - K e | 0.0142.036.04 (1.8%) {

Koo -080:0.01 (1.1%) i Kio?  -0.7840.01 (1.0%) ¢

K9 | 0,1420.00 (1.8%) i K9 0154894004 (06%) |

kl‘:i 79.78£11.11 (13.9%) k;g‘ 94.75£12.39 (13.1%) -

K 3085006 (1.6%) t K2 3.1620.08 (1.6%) b

K 9640042231006 24%) | K 94500852 14005 (23%)

2 A 0 1 2 -1 05 0 05 1
log, (valuesimedian) Iogm(valuesa‘median]

Cost funtion (a.u.

1.105 111 1115 112

p=-053 p=1.00
. 3
— g
gx-1 \ g.g 2
2 e
g -2 8’—1
3
0 2 4 O0 2 4
109,k i) 109, (K e

S13 Fig. Parameter uncertainty and correlation analyses. Distribution of the estimated
parameter values (mean £+ SD) for the best 200 of 5000 fits before (upper left panel) and
after (upper right panel) fixing the value of k55>, which was a practically unidentifiable
parameter and showed strong correlation with kﬂ;;’; and kI5%°* (lower panel). Before
fixing the value of k. i5e, three parameters (highlighted in red) had large variances

(SD/mean*100%). After fixing kIS at its optimal value, kimys and kZg5? showed

much reduced variances.
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Figure S14: LDH release of THP-1 cells infected with Legionella pneumophila. 24 h/48
h after infection with L pneumophila, LDH was measured in the supernatant of THP-1 cells
as an indicator of cytotoxicity. Data are shown as mean percentage + SEM (n = 4) of total

lysis.



Nr. | Model equation
d(IRAK1
(§))] % =K ke IRAK1 - Kpa,  IRAK1 . flagellin — Kipe ., - IRAK1 - 1L1f
d(IRAK1
@ % = Kpixs - IRAKY - flagellin + kipay, - IRAK1 - 1118 — kjg9,, - TRAK 1p
d(IKK
@ |X 1 ) K — ket IKK - IRAK1p — kX9 IKK
d(IKK
@ |« = @) _ ot IKK- IRAK1p — K . IKKa
d(NFKB) : Nioc — NFKB 1kBa - NFKB
5 o kY IKKa o —— 0t T pless  C T T T
) dt nren R B 1 IKKa VFKB K NFKB
d(mlkBa
© % = kZEnse  NFRB — k29 mlkBe
d(lkBa) . loss (Nio; — NFEB)
(@] i ki ge"  mlkBa — ki, - IKKa - IkBa K, + IkBa 1 IKKa
d(mIL8
® |« ot ) _ et 4 Rge?  NFRB — Ky mIL8
d(IL8
@ |« T ) _ kiganst. miLg - Ky I8
(10) | IRAK1,,, = IRAK1 + IRAK1

S1 Table. Model equations. The model equations are derived using mass action kinetics,
except for the variables: mixBa, IkBa and NFxB. The corresponding equations for those
three variables were simplified from a comprehensive model that considered all the

complexes formed by IKK, IkBa and NF-kB and their interactions®.



Reaction Kinetics Remark
Source kw1 Synthesis of IRAK-1
tiagelin
K TRAK Phosphorylation of IRAK-1 by
- flagellin flagellin through TLRS

e IRAKL - IL1B

Phospharylation of IRAK-1 by [L-1p
through IL1-R

O
(D=0 Kot - IRAK1 Degradation of IRAK-1
@ ] L
kﬁ’j“ IRAK1p Degradation of plfusphor.y]nled
source 2o Synthesis of IKK

ffi  IKK - IRAK1p

ke kK

Activation of IKK by phosphorylated
A

Degradation of IKK

K - IKKa

Degradation of active IKK

Knvew 1KKa
Ny — NFEB
Ky +IkBa + IKKa

Gain rate ol Iree NF-kB mediated by
IxBe and [KKa

fkBa - NFKB

k!nse‘
Ky + NFKB

NFkg

Loss of [Fee NF-kB mediated by IkBa

Kz - NPkE

Transcription of /xBa mRNA
mediated by transeriptional active
NIF-kB

ten

e " THkBa

Degradation of frefamRNA

kil ik B

Translational of [kBa from its mRNA

KKz

K% IKKa - ThBe
(N — NFEBR)
K; + 1kBa + IKKa

Loss of free IkBo mediated by IKKa
and NF-kib

trunsel
Konity

Basal transcription of JE-AmRNA

Ko . NFRB

Transcription of /Z-#mRNA
mediated by transcriptional aclive
NF-«B

ten

g MILB

Degradation of /£-8mRNA

kigist - miLa

Translational of [L-8 from its mENA

PRIt

Degradation of TL-8

S2 Table. Description of the reaction Kinetics used in the model for each interaction

considered.



Model variable Description Initial condition (a.uw.)*
IRAK-1 Non-phosphorylated IRAK-1 1
IRAK-1p Phosphorylated IRAK-1 0
IKK Non-active IKK 1
1KKa Active IKK 0
NFkB Free NF-kB 0
milkBa IkBae mRNA 0
IkBa IkBa protein 1
miL8 IL-8 mRNA 0
IL8 IL-8 protein 0 ng/mL

IRAK-110¢ Total amount of IRAK-1 1

flagellin Flagellar protein 7.97 or 79.7¢
IL15 IL-1p 1%

S3 Table. Model variables and their initial conditions. "As we measured the relative
changes for most molecular species, their concentration units are arbitrary (a.u.) except for
IL-8 which concentration unit is ng/mL. We assumed that the whole system was in
quiescent condition before it responded to the stimulus, so the initial values of the variables
of stimuli-responding molecules were set to zero. For all other variables, we set their initial
values to one. * The concentration of flagellin was calculated based on the MOISs of L.
pneumophila (MOI 10: 7.97 ng/mL and MOI 100: 79.7 ng/mL) used to infect alveolar
epithelial cells (the calculation can be found in the supplementary material). ¢ The
experimental concentration of IL1-p (1 ng/mL) was used to characterise the corresponding

model variable value. When the cells were challenged with only one stimulus, the other one

was set to zero.




Parameter Description Value* Remark

ke, Synthesis rate of IRAK-1 0.0961 Fixed
deg ] i IRAK-1 half-life=~7h (54
kgt Degradation rate of IRAK-1 0.0961 [0.0891 0.109]
I Flagellin-mediated phosphorylation rate .
[ & P vt 9.51*10-+ Estimateds
h2 IL-1B-mediated phosphorylation rate of .
ket IRAK-1 3.148 Estimated
. Phosphorylated IRAK-1
k;f;gmp Degradation rz;;:’\tgghosphorylated 7386 half-life= ~6 min (65)
[6.238 7.624]
kv Synthesis rate of IKK 0.146 Fixed
kf;ﬁ Degradation rate of IKK 0.150 Estimated
Activation rate of IKK mediated by .
act
kiick phosphorylated IRAK-1 83.992 Estimated
kf;,fﬂ Degradation rate of active IKK 0.782 Estimated
Gain rate of free NF-kB in the nucleus .
gain
kria mediated by IkBa and IKKa 0.0120 Estimated
ks The loss of free NF-kB mediated by IxkBa 1.717 Estimated
NF-kB-mediated transcription rate of .
transc
ki Ee IkBa mRNA 540.260 Estimated
k:;i Ba Degradation rate of [kBa mRNA 1.560 Estimated
Translational rate of IkBa from IxBa .
kfranst mRNA 19.810 Estimated
kloss Loss of free IxBa rﬁgg?ted by NF-xB and 123.757 Estimated
Jtransct Basal transcription rate of IL.-8 mRNA 7.03*10-+ Estimated
NF-kB-mediated transcription rate of IL.- .
transc2
e 8 mRNA 252.633 Estimated
0.559 Measured /Z-8mRNA half-
ke Degradation rate of IL-8 mRNA : life=~82 min
[0.4570.615]
Jetransl Translation rate of 1L.-8 from its mRNA 0.0748 Estimated
s (ngxmL.j*hq)
ks Degradation rate of IL-8 0.173% 1L-8 halflife=~4 h (6
s gradation rate of L (ng*mL1*h1) -8 half-life= (65)
KKK Michaelis-Menten coefficient 1 Fixed
Noot Total amount of free NF-kB 1 Fixed

S4 Table. Model parameters and their values. * The time scale of the kinetic rate
constants is h. ¢ the searching interval for the estimated parameters is [4"‘10'4 2.5*103]
unless it is specified, e.g. the intervals for kfmoe, , k f;fmp and k252 is 10% variance of

their original values obtained from literature. s kﬁf is set to zero during parameter

estimation, IL-8 was measured in supernatants, where the absence of cellular proteins like

proteases minimized its degradation.
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