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Inflammation-activated G protein-coupled receptor pathways described in the model
Protein kinase C pathway

In this mechanism, we described the kinetics of Gqq, Which when activated by an inflammatory
mediator dissociates into two subunits. One of the active subunits, G, recruits inactive
phospholipase (PLC) enzyme from the cytosol to form active PLC at the membrane. PLC then
hydrolyzes membrane-bound phosphatidylinositol 4,5-bisphosphate (PIP2), leading to the
production of two intracellular second messengers, inositol trisphosphate (IP3) and
diacylglycerol (DAG). DAG activates protein kinase C (PKC) in the cytosol, and the active PKC
ultimately modifies the function of ion channels on the neuronal membrane (Gold and Flake,
2005). In our model, we described the kinetics of the receptor, enzymes, and second messenger
molecules using equations and parameters described previously (Bennett et al., 2005; Kapela et
al., 2008; Mohan et al., 2017).

Protein kinase A pathway

In this mechanism, we described the kinetics of G,s, which when activated by an inflammatory
mediator dissociates into three subunits. The G, subunit recruits adjacent membrane-bound
adenylate cyclase (AC), which then catalyzes the conversion of ATP in the cytosol to cCAMP,
which acts as a second messenger and activates protein kinase A (PKA), among other enzymes
(Lietal., 2019). In our model, we described the kinetics of each of these receptor subunits,
enzymes, and second messenger molecules, using equations and parameters described previously
(Lindskog et al., 2006; Leander and Friedman, 2014).



Table S1. Model variable name, description, and initial value

Variable Description Initial Variable Description Initial
name value name value
NavL.8 Activation constant of 0 TREK Activation constant of two- 0
aVLOm 1\ oltage-gated Nav1.8 channel m pore K* channel
Navl.8 Inactivation constant of L Ka Activation constant of M- 0
on voltage-gated Nav1.8 channel i type K* channel
Navl.7 Activation constant of 0 Ka Fast inactivation constant 1
'™ | voltage-gated Nav1.7 channel hast of M-type K* channel
Navl.7 Inactivation constant of L Ka Slow inactivation constant L
" | voltage-gated Nav1.7 channel hslow of M-type K* channel
N Activation constant of
Activation constant of
Nav1.9m 0 Kv7n voltage-gated Kv7.2 0
voltage-gated Nav1.9 channel
channel
N Activation constant of
NavL.0 Inactivation constant of L KDR delaved rectifving K* 0
VLI 1 \oltage-gated Nav1.9 channel " y ying
channel
o Activation constant of
Piezom F?St activation constant of 0 BKCan large-conductance Ca?*- 0
Piezo2 channel : R
activated K* channel
Inactivation variable of Activation constant szL'
. +
Piezon Piez02 channel 1 CalLm type voltage-gated Ca 0
channel
Activation constant of ASIC3 Inactivation constant of L.-
ASIC3n 0 Caln type voltage-gated Ca 1
channel
channel
ASIC3 Inactivation constant of L |cat j[A‘Ct'Vat:?” consttagtcolel'- 0
" ASIC3 channel alm ype voltage-gated L.a
channel
Activation constant of TRPA1 Inactivation constant 2‘: T-
TRPAlny 0 CaThn type voltage-gated Ca 1
channel
channel
Inactivation constant of .
TRPALh TRPA1 channel 1 Vm Membrane potential -55 mV
Intracellular Na* +
[Naf] : 14 mM [KT] Intracellulgr K 140 mM
concentration concentration
[Ca-2+] Intracellular free calcium ion 5x10° [ CaZt Calcium concentration in 0.25
! concentration mM - the endoplasmic reticulum mM
P Intracellular inositol 1x107° hip Activation constant of the 0.667
3 trisphosphate concentration mM : IP3 receptor '




Total number of

Concentration of a

5
Goqunphos unphosphorylated Guq 1.7x10° | [Gasact] subunits of Ges receptors 0
receptors
Total phosphorylated Guq Concentration of af3
Guaphos receptors 0 [Gosp] subunits of Ggs receptors 0
Number of a subunits of Ggq Concentration of  subunits
Guq 0 [Gpysl 0
receptors of Ggs receptors
Intracellular diacvlalveerol Intracellular concentrations
[DAG] ar diacylgly OmM | [cAMP] | of cyclic adenosine 0mM
concentration
monophosphate
Total number of . "
PIP phosphatidylinositol 4,5- 5x107 | [RC] Int_raceI_IuIar concentration | 2.2x10
. of inactive PKA mM
bisphosphate
Concentration of active Intracellular concentration
PLC phospholipase C OmM | [Reave] | o pren regulatory subunit | ° ™M
Intracellular concentration of Intracellular concentration
[DAGPpkc] DAG-PKC complex 0mM | [RCcamp2] | Of intermediate regulatory 0mM
P PKA catalytic subunit
: Intracellular concentration
Concentration of membrane- 1x107? of intermediate regulatory
PLCinact gound inactive phospholipase MM [RCcampa] PKA-PKA catalytic 0mM
subunit
Intracellular concentration of | 1x107 Intracellular concentration
[PKCinectl | 5ctive protein kinase C mm | [PKA] of active protein kinase A 0mM
. Membrane potential
Intracellular concentration of -25.8
[PKC] orotein kinase C 0mMM | Vactnavi.7 thrgshqld for Nav1.7 iy
activation
. Membrane potential
Membrane potential threshold | -11.4 _
Vaanans | for Nav1.8 activation my | Vineaui7 | threshold for Nav1.7 5.8 mv
Inactivation
Vi Membrane potential threshold | -24.6 M Mechanical force threshold 40 MmN
nactNavl8 | for Nav1.8 inactivation mV alTRPAL | for TRPAL activation
Vactkut 1 Membrane potential threshold 35 MV

for Kv1.1 activation




Table S2. Model parameter number (used in the model), name, description, value, units, and sources

P# Parameter Description Value Unit References
name
Na*-Ca?"exchanger
1 | KNCX Constant for NCX 25.85
2 | kNa Half-saturation constant for extracellular [Na*] 87.50 mM (Nagaraja et al.,
3 | kCa Half-saturation constant for extracellular [Ca*'] 1.38 mM 2021)
4 | Imaxncx Maximum current density 1x10° nS
ASIC3 channel
5 | Vhasic Half-activation pH for activation factor 6.202 pH
6 | KactASIC Steepness factor of activation 0.1754 pH
7 | Tactasic Hill slope of activation factor 5.000 ms (Nagaraja et al.,
8 | Vsasic Half-inactivation pH for activation factor 7.061 pH 2021)
9 | kinactASIC | Steepness factor of inactivation 0.0452 pH
10 | ImaXasicip | Maximum conductance of ASIC channel 15.0 nS
Na*-K* pump
11 | nHna Hill coefficient for sodium and potassium 15
12 | KNanak Binding constant for intracellular [Na*] 14.5 mM (Nagaraja et al.,
13 | KKnak Binding constant for extracellular [K*] 15 mM 2021)
14 | ImaXnak Maximum current density 150 pA
Piezo2 channel
15 | Vhpiezo Half-activation force for inactivating factor 0.9 mN
16 | VSpiezo Half-activation force for inactivating factor 0.6 mN
17 | KlinaPiezo | Steepness factor of inactivation 0.3 mN (Nagaraja et al
18 | k2inactPiezo | Steepness factor of inactivation 0.1 mN 2051) B
19 | 1actpiezo Time constant for activation factor 1 ms
20 | tlinactpiezo | Time constant for fast inactivation factor 3 ms
21 | ImaXpiezo Maximum conductance of Piezo channel 40 nS
TREK-1 channel
22 | VMrrek Half-activation force for activation factor 8 mN
23 | kactrrek Steepness factor of activation 1 mN (Nagaraja et al.,
24 | tacttrex Activation time constant 1 ms 2021)
25 | Imaxrrek Maximum TREK channel conductance 0.5 nS
TRPAL channel
26 | kactrrpa1 Steepness factor of activation 20 mN
27 | Vhrrear Half-activation force for inactivation factor 40 mN
28 | kinactrrpa1 | Steepness factor of inactivation 20 mN (Nagaraja et al.,
29 | tacttreal Activation time constant 1 ms 2021)
30 | tinactrrear | Inactivation time constant 5 ms
31 | Imaxtrear | Maximum conductance 15 nS
Kv7.2
32 | Imaxkwr Maximum Kv7 conductance 600 nS Modified
33 | klactkvr Steepness factor of activation 0.00395 | mV
34 | Vi Half-activation membrane potential for activation 15 mv _
factor (Nagaraja et al.,
35 | k2actkyr Steepness factor of activation 40 mvV 2021)
36 | klinactkvz | Steepness factor of inactivation 0.00395 | mV
37 | K2inactkvs | Steepness factor of inactivation 20 mvV




38 | tactiy | Activation time constant | 3 ms | Modified
KDR channel

39 | Imaxkor Maximum KDR conductance 200 nS (Nagaraja et al

40 | dkpr Activation factor 0.577 mV 2021) N

41 | kactkpr Steepness factor of activation 15.4 mvV

42 | tactrreal Activation time constant 300 ms Modified
A-type K* channel

43 | Imaxka | Maximum A-type K* channel conductance | 6 nS | Modified
Nav1.8 channel

44 | Imaxnavis Maximum Nav1.8 channel conductance 150 nS Modified

45 | kactnavis Steepness factor of activation 8.75 mV (Nagaraja et al.,

46 | Kinactnavis | Steepness factor of inactivation 5.76 mV 2021)
Nav1.9 channel

47 | Imaxnavio | Maximum Nav1.9 channel conductance | 05 nS | Modified
Navl.7 channel

48 | Imaxnavi7 Maximum Navl.7 channel conductance 212.0 nS (Nagaraja et al

49 | kacCtnavi7 Steepness factor of activation 7.8 mvV 2051) !

50 | kinactnaviz | Steepness factor of inactivation 8.9 mV
Potassium leak channel

51 | Imaxwiea | Leak channel conductance | 06 nS | Modified
Ca?"-activated K* channel

52 | Imaxgkca Maximum BKCa channel conductance 10 nS (Nagz;roagi)et al.,
L-type voltage-gated Ca?* channel (VGCC)

53 | Imaxuica Maximum L-type VGCC conductance 10 nS

54 | VMica Half-activation potential for activation factor -22.8 mvV

55 | kactica Steepness factor for activation 9.85 mvV (Nagaraja et al

56 | Vhica Half-activation potential for inactivation factor -34.61 mvV 2021) B

57 | kinactica Steepness factor for inactivation 5.95 mV

58 | tactica Time constant for activation 2.38 ms

59 | tinactica Time constant for inactivation 25.2 ms
T-type voltage-gated Ca?* channel

60 | Vmrca Half-activation potential for activation factor -25.0 mvV

61 | Kactrea Steepness factor for activation -5.0 mV

62 | Vhrca Half-activation potential for inactivation factor -38.0 mV (Nagaraja et al

63 | Kinactrca Steepness factor for inactivation -5.0 mvV 2021) B

64 | tactrca Time constant for activation 1 ms

65 | tinactrca Time constant for inactivation 409 ms

66 | Imaxrca Maximum T-type VGCC conductance 0.099 nS
IP3 receptor (IPsR)

67 | Imaxiesr Rate constant of Ca?* release by IP;R 0.00288 | nS

68 | kdisies Dissociation constant for IP; binding to IPsR 2.7 mM (Nagaraja et al

69 | kdisinactc, | Dissociation constant for Ca?* inactivation 1.0x10* mM 92051 B

70 | kdisactca Dissociation constant for Ca®* activation 1.7x10* mM )

71 | Kea Rate of Ca?* binding to the inhibitory site 0.0003 mM st
PMCA pump

72 | Imaxemca Maximum current 7.6418 pA (Nagaraja et al.,

73 | KCapmca Michaelis constant 0.1562 mM 2021)
SERCA pump




74 | KCaserca Michaelis constant 3.94x10* | mN (Nagaraja et al.,
75 | Imaxserca | Maximum SERCA uptake 0.002 pA 2021)
Ryanodine receptor (RyR)
76 | KCacicr Minimum intracellular [Ca*"] for RyR activation | 1.2x10* mM )
77 | Imaxcicr | Rate constant of Ca?* release by RyR 5.03x10% | pA (Naggg’gi etal,
78 | kdcicrea Dissociation constant for Ca?* inactivation 0.0501 | mM )
Endoplasmic reticulum (ER) Ca?" leak
79 | Imaxerieak Maximum passive leak from ER 3.03x10° | pA (Nagz;giﬁ)et al.,
Calcium buffering in ER
80 | Kcosn Binding affinity of calsequestrin 1.21 mM (Nagaraja et al.,
81 | COSN Concentration of calsequestrin in ER 16.0 mM 2021)
Protein kinase C (PKC) activation and signaling
82 | RTG Total unphosphorylated G, receptors 2.00x10*
83 | Kig Unphosphorylated receptor dissociation constant 0.01 mM
84 | Ky Phosphorylated receptor dissociation constant 0.2 mM
85 | kic Receptor recycling rate 1.75x107 | ms*
86 | koo Receptor phosphorylation rate 1.00x10° | ms?
87 | ke Receptor endocytosis rate 6.00x10° | ms?
88 | epsilong Fraction of mobile receptors 0.85
89 | GTG Total activated Gqq receptors 1.00x10° (Bennett et al.,
90 | Kdegs IP3 degradation rate 0.00125 | ms* 2005; Mohan et
91 | kag G.q Subunit activation rate 1.70x10* | ms? al., 2017)
92 | kic G4 Subunit deactivation rate 1.50x10° | ms*
93 | PIP2¢ Total PIP, molecules 5.00x10’
94 | re PIP; replenishment rate 1.50x10° | ms*
95 | Keo Dissociation constant for Ca?* binding to PLC 4.00x10* | mM
96 | 0c Effective signal gain parameter 2.78x10% | ms!
97 | ve Coefficien_t to convert number of molecules to 6.00x10°
concentration
98 | Kpicact PLC activation rate 2.2967 | mM*-ms’? Modified
99 | KpLcinact PLC inactivation rate 0.3389 | ms*
100 | Knya Rate of diacylglycerol (DAG) activation by PIP, | 4.99x10* | mM?ms* | (Mohan etal.,
101 | Kgeg DAG degradation rate 0.0499 | ms* 2017)
102 | Kactekc Rate of PKC activation by DAG 0.20 mM=*.ms?
103 | Kinactpkc PKC inactivation rate 0.0022 | ms* Modified
104 | Kot Rate of dissociation of DAG-PKC complex 8.00x10° | ms*
105 | Kap Rate of association of DAG and PKC 0.0112 | ms?!
Protein kinase A (PKA) activation and signaling
106 | ACiot Total basal concentration of adenyl cyclase 2.90x10° | mM
Basal concentration of total phosphorylated G 5
107 | GPCRot 9.70x10®° | mM
receptors
108 | Guastot Total activated of G, subunits 0.0061
109 | Kepdiss Dissociation rate constant 1.90x10° (Leander and
110 | Klges G, activation rate 5.00x1072 | mst Friedman, 2014)
111 | K2Gas G.s hydrolysis rate 7.00x10° | ms*
112 | K3Gas Gus-By association rate 0.7 | MMt ms?
113 | k4gas Gus-By disassociation rate 1.89x10° | ms?
114 | Kacdiss Dissociation rate constant 3.60x10° | mM




115 | KACpydiss Disassociation constant for AC and By 9.00x10° | mM
116 | K5Ges Active cCAMP production rate 0.0105 | ms*
117 | kBgas Basal cCAMP production rate 3.5x10* | ms*?
118 | Kdegeamp CAMP degradation rate 0.013 | ms?
119 | Kipka Rate of association of PKA and cAMP 1.30x102 | mM2-ms™!
120 | Kopka Rate of disassociation of RCcaMP2 6.00x10° | ms
121 | kfg Rate of association of cAMP and RCcaMP2 1.73x102 | mM2-ms? | (Lindskog et al.,
122 | kbg Rate of disassociation of RCcaMP4 6.00x10° | ms*! 2006)
123 | kfio Rate of disassociation of RC and RCcaMP 8.00x10° | ms?
124 | kbio Rate of association of RC and RCcaMP 4.8 mM-2-ms*
TRPA1 phosphorylation by PKA and PKC
125 | Kaitere Phosphorylation factor of PKC 5.47x10° | mV
126 | Ksioperkc Steepness factor of PKC 1.84x10° | mV
127 | Khaitrka Phosphorylation factor of PKA 3.47x10° | mV
128 | Ksioperka Steepness factor of PKA 8.39x10° | mV Modified
129 | Crreatphos | TRPAIL phosphorylation time constant 5x10° | ms?
130 | Ckyi.1phos Kv1.1 phosphorylation time constant 5x10° | ms?
131 | Cravptos lc\loar:/s%[ﬁ] tand Nav1.7 phosphorylation time 5x10° | mst
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Figure S1. Partial rank correlation coefficient (PRCC) analysis identified key proteins and
processes for action potential (AP) regulation. The bars show the PRCC values between the 131
model parameters and the fold changes in the number of APs fired after the separate application
of a series of six mechanical forces of (A) 0.7 mN, (B) 4 mN, (C) 10 mN, (D) 20 mN, (E) 40
mN, and (F) 100 mN computed from simulations in which inflammation increased AP firing.
The PRCCs above their respective thresholds (dotted horizontal lines) that were statistically
significant (i.e., p <0.01) are indicated by solid black bars, and the labels of the bars show the
ion channels/ion pumps or the rates of intracellular processes that these parameters describe in
the model. The number of simulations in which the number of APs fired increased after
inflammation were 306, 837, 1,007, 529, 1,319, and 2,575 for the applied mechanical forces of
0.7, 4, 10, 20, 40, and 100 mN, respectively. DAG, diacylglycerol; GPCR, G protein-coupled
receptor; IP3, inositol trisphospate.
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Figure S2. Partial rank correlation coefficient (PRCC) analysis identified key proteins and
processes for action potential (AP) regulation. The bars show the PRCC values between the 131
model parameters and the fold changes in the number of APs fired after the separate application
of a series of six mechanical forces of (A) 0.7 mN, (B) 4 mN, (C) 10 mN, (D) 20 mN, (E) 40
mN, and (F) 100 mN computed from simulations in which inflammation decreased AP firing.
The PRCCs above their respective thresholds (dotted horizontal lines) that were statistically
significant (i.e., p <0.01) are indicated by solid black bars, and the labels of the bars show the
ion channels/ion pumps or the rates of intracellular processes that these parameters describe in
the model. The number of simulations in which the number of APs fired decreased after
inflammation were 6,134, 13,625, 13,626, 14,484, 14,311, and 17,509 for the applied mechanical
forces of 0.7, 4, 10, 20, 40, and 100 mN, respectively.
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Table S3. List of Bhattacharyya coefficients for the model’s 131 parameters, computed
using the parameter distributions in the simulations of sensitized and non-sensitized

neurons

Parameter | Bhattacharyya | Parameter | Bhattacharyya | Parameter | Bhattacharyya
number coefficient number coefficient number coefficient
1 0.994076 45 0.986364 89 0.988439
2 0.992218 46 0.993500 90 0.992524
3 0.992158 47 0.993177 91 0.986838
4 0.993218 48 0.990526 92 0.990516
5 0.993584 49 0.948802 93 0.989588
6 0.993606 50 0.972886 94 0.991931
7 0.993911 51 0.992912 95 0.992648
8 0.994278 52 0.992366 96 0.992518
9 0.991266 53 0.989942 97 0.991408
10 0.993573 54 0.993005 98 0.988138
11 0.992801 55 0.993110 99 0.988453
12 0.985838 56 0.993234 100 0.990976
13 0.993620 57 0.993576 101 0.990088
14 0.986760 58 0.994211 102 0.989887
15 0.965129 59 0.993072 103 0.992670
16 0.992167 60 0.992288 104 0.990117
17 0.990052 61 0.994663 105 0.991441
18 0.990342 62 0.991923 106 0.993061
19 0.991623 63 0.994803 107 0.991699
20 0.993535 64 0.993847 108 0.992943
21 0.992141 65 0.992111 109 0.992606
22 0.992966 66 0.992985 110 0.994406
23 0.993625 67 0.993741 111 0.993511
24 0.992183 68 0.993265 112 0.991349
25 0.992039 69 0.992306 113 0.993604
26 0.984754 70 0.992138 114 0.993472
27 0.992974 71 0.992832 115 0.992237
28 0.992090 72 0.992988 116 0.992598
29 0.992472 73 0.994244 117 0.994399
30 0.992483 74 0.993390 118 0.993215
31 0.991196 75 0.990438 119 0.993589
32 0.991266 76 0.993124 120 0.993410
33 0.993417 77 0.992430 121 0.992297
34 0.976274 78 0.992000 122 0.993004
35 0.993259 79 0.991922 123 0.989626
36 0.994324 80 0.990773 124 0.992886
37 0.990319 81 0.993283 125 0.992653
38 0.971447 82 0.993563 126 0.993665
39 0.991562 83 0.991318 127 0.993665
40 0.990489 84 0.991416 128 0.993471
41 0.992677 85 0.991646 129 0.992239
42 0.993160 86 0.984570 130 0.991636
43 0.993396 87 0.994010 131 0.977239
44 0.991408 88 0.992848
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Figure S3
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Figure S3. Distributions of the values of parameters that demonstrated the lowest Bhattacharyya
coefficients (BC) across the sensitized neuron group simulations (solid lines) and the non-
sensitized neuron group simulations (dashed lines), where the neuron groups were classified
based on the number of APs fired after (A) 0.7 mN, (B) 4 mN, (C) 10 mN, (D) 20 mN, (E) 40
mN, and (F) 100 mN forces were applied as the input. The x-axis designates the normalized
values of the parameters, and the y-axis represents the percentage of simulations in each neuron
group in which the parameter values fell within a particular range (described in the “Methods”
section). The number of simulations in the sensitized and non-sensitized groups were,
respectively, 306 and 6,134 for 0.7 mN; 837 and 13,625 for 4 mN; 1,007 and 13,326 for 10 mN;
529 and 14,484 for 20 mN; 1,319 and 14,311 for 40 mN; and 2,575 and 17,509 for 100 mN of
mechanical force.
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Table S4. Total number of APs fired before and after the addition of an
inflammatory mediator and the associated fold changes for 14 different

modifications

#APs fired before | #APs fired after Fold
inflammation inflammation change

Knocking out the channel or down-regulating the biochemical processes
Nominal model 14 114 8.14
TRPA1 KO 12 59 4.92
Piezo2 KO 6 108 18.00
Kv7.2 KO 53 513 9.68
GPCR phosphorylation 14 106 7.57
Gug activation 14 804 57.43
PKA inactivation 14 174 12.43
Nav1.8 and Nav1.7 phosphorylation 14 169 12.07
Increasing channel expression or up-regulating the biochemical processes
Nominal model 14 114 8.14
TRPA1 2-fold increase 6 12 2.00
Piezo2 2-fold increase 22 126 5.73
Kv7.2 2-fold increase 8 60 7.50
GPCR phosphorylation 14 788 56.29
Goq activation 14 119 8.50
PKA inactivation 14 33 2.36
Nav1.8 and Nav1.7 phosphorylation 14 71 5.07
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Model equations for description of transmembrane currents, endoplasmic
reticulum (ER) mechanisms, Nernst potentials, and mass balance of
intracellular Na*, K*, and Ca?* ions

Transmembrane mechanisms

1. Voltage-gated Nav1.8 channel

dNavl.8;, -Navl.8,+Navl.8
dad

TmNaV1,8

dNavl.8, -Navl.8;+Navl.8
e

ThNay1.8

B 7.2
" 1+e((Vm-0.063)/7.86)

am,
7.4

" 11o(Pm+53.06)/19.34)

1.63
1+e((Vm+68.5//10.01)

bm,

ah,=0.003+

0.81
1 +o((Vm-11.44)/13.12)

1
TNav8™ 3m +bm
T T

1
ThNavi.g ™~ ah,+bh,

bh,=0.81-

1
Navl 8™ Vw7
1+e" kactnavi g
1
NaV 1 . 8hSS:

VintVhyavi 8

1+e(kinaCtNavl .8)

INaVl 8= ImaXNaVI 8 ‘Navl 8r2n ‘Navl. 8h ( Vrn' VNa)

2. Voltage-gated Nav1.9 channel

dNavl.9,, -Navl.9,+Navl.9
d

TmNavl 9

14



dNavl -9h _ -Navl .9h+NaV1 -9hss
e

ThNav1.9

B 1.548
AN 9= (V- 11014871

3 8.685
bm; o= [ +o(/mt1124)22.9)

3 0.2574
ah, o= 1 +e((Vmt63.264)/3.719)

B 0.54
bhy o= Tz

1
’C T e—
TNavLSamy g+bm

1
’c T e——
hNav1.9 ah, o+bh, o

amy g

Navl9, =———""—
T am) gtbmy

ah1.9

Navl.9,  ~=———
AV Thss ah; o+bh; o

INavl 9= ImaXNavl 9 ‘Navl 9r2nNaV1 '9h ( Vm- VNa)

3. Voltage-gated Nav1.7 channel

dNavl.7,, -Navl.7,+Navl.7,
-

TmNavl 7

dNavl.7, -Navl.7,+Navl.7;

dr ThNav1.7
BEREE
AN 7 (Fm5)-12.08)
35.2
bml 7=

1+e(Va™72.7)/16.7)

Vo +115

ah; 7=0.24-¢""4633 )

V-11.8
bh, ;=4.32-(1+¢" 12 )
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1

’t T e——
TNavL7am, ;+bm, 5

1
’t B ———
hNav1.7 ah, ,+bh; -

1

(VmNavl.7‘ Vin
1+e" kactnavi7

Navl.7 =

Navl.7= 7S v

1+e kinactnay1.7

Inay1 7= Imaxy,y; 77 Nav1.72 Nav].7,-(V-Py,)

4. Mechanosensitive Piezo2 channel

dPiezo,, Piezo,*+Piezo,,

dt TaCtpieso

dPiezo;,, Piezo,tPiezopg

dt Tinactpje,,
' 1
P1ez0me= Vmren-Mechforce
1+e kactpiezo
' 1
Piezopg,=1- (Vhriy-Mechforce
1+e kinactpje,o

_ . 4. 2
IpiczoNa™ Il’naXPiezo'Plezom'PleZOh (Vm=Vna)
Ipiczoca=1 Piezo’ -Piezoy, (Vy-V.
PiezoCa™ 1MAXpjezo F1CZ0, “11CZ0y ( m~ Ca)

IPiezo: IPiezoNa + ]PiezoCa

5. Mechanosensitive TRPA1 channel
dTRPA1,, -TRPA1,+TRPA1

dt TacCtTrpA|
dTRPAL, _ -TRPA1,+TRPA1}
dr Tinactrrpa
1
TRPA1 mss Vmrtrrai-Mechforce

1+e kactTrpAl )
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1

Vhrreai-Mechforce
1+e kinactTrpai

TRPAl,=1-

)

]TRPAIZ ImaXTRPAl TRPAIIZHTRPAIh ( Vm_ VNa)

6. Mechanosensitive two-pore TREK-1 channel

dTREK,, -TREK,+TREK,

de TactTrpk
1
TREK ™ Vo Meohforee

1+e Kactrrer, )

ITREK 1= ImaXTREK'TREKfn (Vm=Vx)

Mechforce = 0.7, 4, 10, 20, 40, or 100 mN

7. pH-mediated ASIC3 channel
dASIC3,, -ASIC3,,+ASIC3,,

dt Tactasics
dASIC3;, -ASIC3,+ASIC3y,
dr Tinactagycs

tinactgc3=197.36 -pH? - 1738.9 -pH + 3968.1
1

ASIC3 =g

1+e" kactasics )

ASICnss=1-— Ve

1 +e(kinaCtAS]c3)

IASIC3: ImaXASIc3 ASIC3mASIC3h ( Vm- VNa)

pH=75

8. Voltage-gated Kv7.2 channel

dKv7, -Kv7,+Kv7
dt T

nKv7

( I/vll’l-'—\/rnKV7)
ang,;=klactg,;-e kZactkvs

17



VintVimgy7

. (Y’ )
anV7:k1 nactyg,7-€ k2inacty,7

1
T -
nKv7 ang.; +anV7
1
K Ths= TV,

1 +e Tactgyy

Ixy7.2= Imaxy,; 'KV7f1 ‘Ve-Vx)

9. Delayed-rectifier Kvl1.1 K* channel
dKv1.1, -Kv1.1,+Kv1.1,

dt Tactky11
8Kvl 1
Kvl.1l. .= :
Vi-dns™ T Vg7

1+e( Kactiyrs )

Ixy1.1= Imaxy,; 1" KvLI. lrzl'(Vm—VK)

10. Voltage-gated A-type K* channel

dKan B _Kan+Kanss
dt

Tn Ka

dKahfast _ 'Kahfast+Kahfastss

d Thfastg,

dI<ahslow _ 'Kahslow+Kahslowss

dr ThslowKa

1
Ka,= —7.408.
1+e(T)

1
Kahfastss: W
1+ 96 )

Vi +60 2
Tog,= 1.2+ 2.56-e(‘2'(m) )

V5012
Thfastyy— 29-40 T 67.41-e('2‘( 21.95‘) )

Vir \
Thslowgga 200 + 587.4'6(_(W) )
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Ix,= Imaxg,'Ka -(0.3Ka, . +0.7Kaygq) (Vin-Vk)

hfast

11. Large-conductance Ca?*-activated K* channel

dBKCa, -BKCa,+BKCa,,
i

ThBKCa
Pe,= log,(Cae™)
Kactgyc,= (-43.4:p,)-203

sfpkca=33.88 - o-(Pc,t542)/1.85
_ 1
BKCans™— ey
l1+e  sfBkca
Vi

Tapge,=3-35 “€929T+0.75(0.12- V)

Igkca= ImaXBKCa'BKcarzl'( Vin-Vx)

12. T-type voltage-gated Ca?* channel
dCaT,, -CaT,+CaT

dt Tactc,T
dCaTh _ —CaTh+CaThSS
dt Tinactc,
1
CaTmSS: Vm-Vmear

1+e( Kactcar )

CaThes=l-—7 e

1+e( kinactcaT )

Icar= Imaxcyr-CaT -CaTy (Vi-Ve,)

13. L-type voltage-gated Ca?* channel
dCaL,, -CaL,,+CaLy

dt Tactc,
dCaL;, -CaL;+Calyg,
dt Tinactc,p
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Cal =

(VmCaL‘ Vin
1+e" kactcaL

1
(VhCaL‘ Vm)
1+e kinactcar

1
1+(Cay/1e6)"

)

CaL,=1-

hCaCaL=

Ica = Imaxc, *Cal-Caly,-hCacap (Vip-Vea)

14. NaK pump

K2 Na V._+70
K2+KKRqx NaMNotKNaNe Vi +180

INax= Imaxy,k -

15. PMCA pump

Cai
Ippca= Imaxpyca CatKCamrr
i PMCA

16. Na*-Ca?* exchanger

035V
kga= e kncx

0.65V,,
kbnex= € knex

kbNCX : Cai Nag

Iex= Imaxyeyx: (k a-Naf-Ca -
NCX nex” (kq o) (kNa3+Na(3)).(kCa+Cao)-(l+0.lkbNCX)

17. Passive K* leak channel

Ixjeak= IMaxgeak ( Vm'('45))

ER mechanisms

1. IPs receptor flux

dhiP,
7 kfp3-(kbps-(Cajtkbyps)-hIP3)
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R (L i R (=
IP3R Maxipsk IP3 +kIP3 Cai+kCaIP3 3 i CaER

2. SERCA pump

3. ER leak current

Cai
heaer= 55107 (1-
CaER

Ca;
lieaker= IMaXgRieax’ (1- CaE1R> if Ca;>KTCa

4. Ryanodine receptor flux

Cai

— ). Ca if Ca;>KT
Cai+KC3-CICR) (Cagg-Ca,)) if Ca; Ca

ICICR: ImaXCICR ' (
Icicr=0
5. Cai?* buffering in cytosol and ER

CSQN.KCSQN
(KCSQN+CaER)2

ER

6. PKC activation and signaling
d[RG_]

= =k.g-epsilon .- [RTG]- | k +M
d o PsOle 'K, o +H[PGE,])
d[RPG ]

dr

B [PGE,]'[RGq]
Prg™0G (epsilonG-[RTG]-(K1G+[PGE2])>

) ’ [RGS]'krG [RPGS]

kpG'[RGq] )( ke [RPGy] >

=[PGE,] ((K1G+[PGE2]) (K, +[PGE;)])

d[G,]
=, (891 ) (G GagD-ka[Gag]
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()
rhG=aG N T
[Ca” ]+keg

d[PIPZ]
T ~(thgH16)[PIP2 |10 Y 6 [IP3 ]+, [PIPo ]
d[IP;] 1y
T g PPl Kaees [IPs]
d[PLCinact] _
T - '(kPLCinact)[PLCact] 'kPLCact' [PLCinact3] ) [Gaq]
d[PLCact] B
T = Kprcact” [PLCinact3 ] ’ [Gaq] ~(kpr.Cinact) [PLCyct]
dDAG]
dr = khyd'[PIPZ]' [PLCact]'kdeg [DAG] 'kaCtPKC [DAG]'[PKCinact] + (kinactPKC)[PKCact] +

k. [DAG PKC]
d[PKCinact] _
T - 'kactPKC' [PKCinact] [DAG] + kinactPKC [PKCyei] + koff [DAG_PKC]

dDAG_PK(]
dr

d[PKC_ ]
— 2L = K, etpk e [PKCinact] IDAG] - Kipactpe [PKCacil- Kgp [PKCpei]

= Kkgp[PKCy(] - ko[ DAG_PKC]

7. PKA activation and signaling

PGEZ-[GPCRtot])
PGE;+kgpgiss

GPCRact:aG (

WOul 1y 1GPCR ]-< G )-kz [Gos]

dr Gas act (KEPdiss +[Gaﬁy] GasL™as
[Gasinact]:[Gastot]'[Gas]'[Gaﬁy]
d[Gaﬁy] [Gaﬁy]
Y Kl Gos[GPCRye] | ——— |+ k -k4

dr Gas[G C act] (KEPdiss+[Gaﬁy] 3Gas [GﬁY] [Gas] Gas [G(XBY]
d[GBY] [Gaﬁy]

=k1Gus[GPCR ' | =] - K3G4s| Gpy [ |G kdG.s|G
dr Gas[ act] KEPdiss+[Guﬁy] Gas[ By][ as] + Gas[ aﬁy]
AC]'[Gys

AC,. - JACu 1G]

[Gas]+kACdiss
[Acinact]:[ACtot] - [ACact]



d[cAMP k5G4s[AC
[c ]:< Gas[ACact] > + K6Gos [ACqct]-Kaegeamp [CAMP]

di kACBydiss+[G[3y]

d[RC] 2
a -kipa[RC] [cAMP] +kppga [RCcampo]
d[RCcamp2]
# = kaKA [RC][CAMP]Z_kaKA [RCCAMPZ]'ka [RCCAMPZ] . [CAMP]2+kb9 [RCCAMP4]
d[RCcamp4]
# = ko [RCampa] [cAMPT -kiyo [RCeantpal k10 [RCeantpal Hhp10 [RCeanp] [PKA]?
d[RCcamp]
d—ct = ke10[RCcampal-Kp10[RCeamp ] [PKA]
d[PKA]
o Zkno[RCeampal-Ko10[RCeanp][PKA] 2

8. Equations for sensitization of nociceptor

First, we used the two equations shown below to compute the magnitude of change (AVm for

Navl.7, Navl.8, and Kv1.1, and AMech for TRPAT) induced by PKC and PKA:

15
AVmpkc or AMechpgc= Khallp o-[PKC]

l+e kslopepg

13
AVipra Or AMechpy A= —tmmoatrra

1+e kslopepg A

where [PKC] and [PKA] denote the instantaneous concentrations of PKC and PKA (zero in the
absence of an inflammatory mediator), respectively, and khalfprkc, khalfpka, ksloperkc, and
ksloperka denote the phosphorylation and steepness factors for PKC and PKA (Nicol et al.,
1997; Wu et al., 2012). Next, we computed the new values of the activation and inactivation
thresholds for each of the four ion channels using the following equations:

VaCtnew i Vac‘[i'A VmPKC'A VmPKA ]

L Inflammatory mediator > 0
Vinact,ey, ;= Vinact;+AVprctAVmpka

VaCtnew i~ Va'Cti—'—A VmPKC—'—A VmPKA
- — Inflammatory mediator = 0

Vinact,e ;= Vinacti-AVpprc-AVmpra

where i denotes one of the four channels, i.e., TRPAL, Nav1.7, Nav1.8, and Kv1.1, Vactsew i and
Vinactnew i denote the new values, and Vacti and Vinact; denote the nominal values, respectively,
of the activation and inactivation thresholds for each of the four channels.
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9. ODEs for change in the activation and inactivation variables of Nav1.7, Nav1.8, Kv1.1,
and TRPAL

d[ VhaCtTTXS] _ VaCtneW - VhaCtTTXS
i C

Navphos

d[ Vhi nactTTXS] B < |41 nactnew - VhinactTTXs )
dr - C

Navphos

d[ VhactTTXr] _ Vactnew- VhactTTXr
dt C

Navphos

d[ VhinactTTXr] B < Vlnactnew— VhinactTTXr>
dt - C

‘Navphos

d[ VhaCtKvl.l] _ < VaCtnew' VhaCtKvl.1>
e

Kvl.1phos

d[TRPA1,y] <VactneW-TRPA 1aM>

dt C

TRPAlphos

Nernst potential calculations

o = R-T | (Na0>
NaT NaF OB Na;
y— R-T | (KO>
KT 7KF OB\K,
o R-T i <Ca0)
Ca~ JCaF B Ca

lonic balances

dCa;
—— = -(IearHear Hpvea—2Inex Hpiczoca)/(2Ca-F-0.7v0l))-Tsprca-Teaker -Lip3-
dt
Icicr)/(1/(1+370))
dCaER
o =IsercA TieakEr-Tip3-IcicR / BER
dNai
aTa ~(INav1 8 INavi 9T INav1.7 M piezoNa TITRPAT T3 INak T3 Inex )/ (zNa-F-vol)
dK;
i -(Irrex1 Hxv7.2 T ky1.1HBKCaH ke T KIeak -2 INak )/ (ZK-F-vol)
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