Appendix 1. Kinetic model of 5-lipoxygenase.

In appendix the steps of 5LO model building arer@spnted. Schematic visualization of
total catalytic cycle is not convenient becauséugde complexity (26 nodes/states and tenths of
transitions between them). So, we employ followsigp-by-step strategy to reconstruct and
reduce total catalytic cycle and derive rate equati

(1) To reconstruct “incomplete” catalytic cycle of 5\@hich includeqi) binding of Ca2+
at catalytic site(ii) Fe2+-> Fe3+ transition(iii) binding of redox inhibitor Z andlv)
binding and transformation of AA at catalytic site.means that binding of AA at
regulatory site and binding of HETE and PF at g#talsite have been omitted.
“Incomplete” catalytic cycle is presented in Figl.A

(2) To reduce this “incomplete” catalytic cycle paliyalon the basis of available
experimental data and assumptions on fast and gtosesses, according to technics
described elsewhere [28]. In the reduced catalgyice, we substituted the initial
variables (the enzymatic states in Fig.Al) for reves which represented the sums of
the concentrations of the 5LO forms with and with@a bound. As a result of the
stage we have come to “partially reduced incompledtalytic cycle (scheme selected
by green dashed cle in Fig A2). All the transitions between thesewvnstates are
described by rate equations which are the sumbBeofdtes of elementary reactions of
the non-reduced catalytic cycle (see Appendix brldetails). The concentration of
every enzyme state presented in Fig. A1 can beesgpd via the new variables shown
on Fig. A2.

(3) To supplement this “partially reduced incompletatalytic cycle with all remaining
states and transitions which have been omittethatstage (1). This can be done in
such a way to add all processes which are not ithescin “incomplete” catalytic cycle
and, at the same time, to take into account aliegons/simplifications made at stage
(2). As a result of the stage we will have “palyiakduced” catalytic cycle of 5LOX
(Fig. A2), the part of which is “partially reducattomplete” catalytic cycle (Fig.A2 in
green dashed line).

(4) To reduce this “partially reduced” catalytic cyde the basis of available experimental
data and assumptions on fast and slow processesrésilt of the stage we have come
to “reduced” catalytic cycle (Fig. 3 of the maixte

(5) To derive rate equations describing 5LO mediated @ohsumption 70 ), HP

production in oxygenase reactioﬁﬁﬁg’yn), HT production and HP consumption in

pseudoperoxidase reactior;§2,,s) and LTA4 production W3 .f,,) on the basis of

the “reduced” catalytic cycle.



Appendix 1.1 Description and reduction of “incomplée” cycle.

Fig. Al represents scheme of “incomplete” catalyycle of 5LO which includes (i)
binding of Ca2+ at catalytic site, (ii) Fe> Fe'* transition, (iii) binding of redox inhibitor Z and
(iv) binding and transformation of AA at catalytsite. Here, designationXSFy, Xof{o, Cal,
Y{2, 3, AA, HP, Z} are explained in Fig. 1 of maiext and stand for states of 5LO. X
describes if the Ca2+ bound to 5LO (X=Ca) or noti{)X Y describes state of catalytic site of
enzyme: “2” and “3” mean that Fe located in acsite of the 5LO is either in reduced (Fe2+) or
oxidized (F&") state; AA, HP and Z mean that arachidonic acifl, di Zileuton are bound to

catalytic site. System of ordinary differential atjans corresponding to the scheme presented

below:
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Vi, i=1,...31, designate rate equations for transitiorisch are described in accordance to

reversible/irreversible mass action law:
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In accordance with available experimental facts asdumptions described above we can
consider processes of €inding (V, i=27,...,31) and redox inhibitor (Z) binding (\i=7, 16)

to catalytic site of 5LO as fast processes. Apgytiechnique described elsewhere [@B]ision

of all processes into fast and slow groups allowgaureduce systems of differential equations
(1.1) assuming that ki, i=7,16,27,...,31 are muclgdarthan other rate constants. Indeed,
summing up equations of the system (1.1) in sualayto exclude “fast” rates from right hand
sides of as much differential equations as possibtetending ki, i=7,16,27,...,31 to infinity we

transform ODE system (1.1) to following reducedteysof algebra differential equations:
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Here,““F,““F,, ©9F,,  ©9F, . are new variables of the ODE system designatingssof states
of the enzyme which are interconnected by fastgsses in catalytic cycle (see Fig 3):
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Using equations (1.5) and algebraic equations sfesy (1.3) we can express all old variables
(appearing in system (1.1)) in terms of new vagablappearing in differential equations of

system (1.3)):
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There are several detail balance relationshipsatialytic cycle which impose interrelations
between several equilibrium dissociation constants
Ksca' r2 = cha'Kr
K3ca Kox2 = cha " Kox (1.9)
Applying these relationships and taking into ac¢dww equilibrium dissociation constants can
expressed in terms of forward and backward ratestants we have derived following

relationships:
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Introducing designationgy i=1,2,7) of following expressions
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slow reaction rates appearing in right hand safedifferential equations of system (1.3) can be

grouped and rewritten in terms of the new variglmhea following way:
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Using these expressions for rates of slow reactiOd system (1.3) can be presented in
following manner:
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System (1.13) describes dynamics of “partially il incomplete” catalytic cycle of 5LO
which is presented in Fig A2 (part of the schenlected with dashed green line).

Appendix 1.2. Description and reduction of “partialy reduced” cycle.

At the next stage we supplement “partially reducembmplete” catalytic cycle with all
remaining states and transitions which have beeitteamat the stage of construction of
“incomplete” catalytic cycle. Taking into accounit aules underlying modifications of rate
equations describing processes of initial (non-cedd catalytic cycle and resulted from
reductions caused by fast Tand Z binding, “partially reduced” catalytic cyoté 5LO has
been reconstructed on the basis of “partially redumcomplete” catalytic cycle (Fig A2 in
dashed line).

Fig. A2 represents the scheme of the “partialjuced” catalytic cycle of 5LO which includes
(i) competitive binding and transformation of AAPETE and HETE at catalytic site, (ii) Fe2+



- Fe3+ transition, (iii) competitive binding of n@adox inhibitor PF and (iv) inhibitory binding
of AA at regulatory site. System of ordinary dietial equations corresponding to the scheme
presented below:
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where R; = 1r,—1r5 — 15 — 15

Here, designation$r?, X({(Ca)}, Y {2, 3, AA, HT, HP, PF, (2)}, UK O, A} are explained in
Fig. 1 of main text and stand for states of 5LOaKes only (Ca) value and describes that each
state with the index is combination of two statethvand without C& bound (see similar
notations in eq. (1.5)). Y describes state of g#étakite of enzyme: “2” and “3” mean that Fe
located in active site of the 5LO is either in reed (F&") or oxidized (F&") state; AA, HP, HT,
and PF mean that arachidonic acid, SHPETE, S5HETPrare bound to catalytic site; (2)
means combination of two states with and withobbznd (see similar notations in eq. (1.5)). U

describes state of regulatory site of enzymi@” “‘and “AA” mean that either nothing or



arachidonic acid bound to the regulatory site & $.O. r, i=1,...31, designate rate equations
for transitions which can be written down similar(1.12).

In accordance with available experimental facts asglimptions described above we can
consider processes of AA binding to both catalgticl regulatory sites ;(1i=1,13,14,15,16,18,
21), HT (¢, i=17, 19) and non-redox inhibitor (PF) binding {®20, 22) to catalytic site of 5LO
as fast processes. This allows us to reduce sysiedifferential equations (1.14) assuming that
ki, i=1,13-22 are much larger than other rate comstdndeed, summing up equations of the
system (1.14) in such a way to exclude “fast” rdtes right hand sides of as much numbers of
differential equations as possible and tending=d,13-22 to infinity we transform ODE system

(1.14) to following reduced system of algebra ddfeial equations:
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Here,(C“)F(%A), (€ORA4) are new variables of the ODE system designatingsafiatates of the

enzyme which are interconnected by fast processeatalytic cycle (see Figs A2):
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Using equations (e3) of system (1.15) and algebeagjuations (1.16) we can express all
variables appearing in system (1.14) in terms of nariables (appearing in left hand side of

differential equations of system (1.15)):
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Slow reaction rates appearing in right hand sideBfferential equations of system (1.15) can be
grouped in following way:
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Taking into account expressions (1.17) we can tewsiow reaction rates listed in (1.18) in

terms of new variables:
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Appendix 1.3. Derivation of the equations for the educed catalytic cycle and rate
equations.
Using these expressions for rates of slow reactiob& system (1.15) can be presented in

following manner:
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System (1.18) describes dynamics of “reduced” gatatycle of 5LO. Corresponding scheme of
the “reduced” catalytic cycle is presented on Bigf the main text.

Thus, we have reduced catalytic cycle of 5LO frofnsBates to 3 states. These 3 states
are interconnected by 7 reactions: 4 reactions)(describe transitions between states and 3
reactions (g7 describe inactivation of the 5LO. Correspondin@®EO system includes 3
variables and 18 parameters. To derive rate equ&atiescribing various activities of 5LO we

assume that reactiong.gdescribing the enzyme inactivation are equal t@.z& this case the



ODE system has conservation law and one of therdiftial equation can be replaced with
linear algebraic describing conservation of totetive enzyme concentration. As a result we

have come to new system of algebra — differentjah&ons:
e1) d“YF, /dt = g,
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e3) d((Ca)FéﬁA))/dt =01~ 9st+ 93
Here, K stands for total concentration of active enzyme.

To derive rate equations characterizing differespgeats of 5LO operation we can use
quasi steady state approach. Indeed, to find esiores for steady state concentrations of
enzyme states we assume left hand sides of eqadedh and (e3) of system (1.19) to be equal
to zero. As a result system of algebra-differenggluations (1.21) transforms to system of

algebraic equations which solution can be writtefollowing manner:
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Substitution of these expressions to corresponditegequations results in following expressions
for dependence of key activities of 5LO on its stdies, products and inhibitors concentrations:
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HP production in oxigenase reaction:
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HP consumption (HT production) in pseudoperoxidasetion:
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Appendix 1.4 Additional assumptions on relationship between parameters of the model
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Appendix 1.5 ODE system of leukotriene biosynthesathway
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Appendix 2. Kinetic model of phospholipase A
On the basis of several models of the enzyme dpedlopreviously and available
experimental data [29, 30] we have derived the gguaescribing the rate of PLA2:
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PLAZ
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Ca
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Appendix 3. Kinetic model of Glutathione peroxidase

ODE system describing catalytic cycle of gluthatm@amoxidase (Fig A3) can be
represented in following way:

d[GPX]
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All reaction rates are in accordance to mass atdamnlLet us assume that reactions of

substrate binding and product dissociation (Vi,43,6) are much faster than rates of catalytic
steps (V1 and V2):
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Summing up first 3 (and last 3) equations of systér) and replacing first (fourth)
equation with corresponding resulting equation, oii@ins:
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Let us introduce new variablésandy:

X =[GPX] +[GPX,p] +[GPXgeed

Y = [GPX] +[GPX',;;] +[GPX sgq] (3.4)
Tendingk;, i = 3, 4, 5, 6 to infinity and taking into accdwexpressions for new
variables, one obtains from system (3.3):
dX
o
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E :V1 _V2 (35)

w, =0,w, =0,w, =0,w; =0

Old variables appearing in left hand side of systgr) can be expressed in terms of new
variables (X and Y) on the basis of equations (8mt) algebraic equations of system (3.5). As a
result, one obtains following expressions:
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Imposing ODE system (3.5) under steady state comnditone obtains:



V, =V, =V 9
X+Y =GPXy, , (3.6)
where GPX,,, is total concentration of gluthation peroxidase.

Substituting (3.7) to (3.6) and solving resultiygtem of linear algebraic equations, one
derives enzyme reaction raté =V, =V, ) as a function of substrates (HP, GSH) and
products (HETE, GSSG) concentrations, total enzgameentration GPX,,, ), dissociation (

K I K I K K ) and catalytic k2P,k2™) constants:

e GPX,, [B
A H

where
gpXx gpx

A= g SEHIEEH T o T ESHLESH gy, 085
K Kesh Kasn  Kir Kesn Kas Kpp Ksse
gpXx gpx

szi (k;” (HP [GSHIGSH (3.8)

gpx gpx gpx
K HP |:KGSH |:KGSH

Applying techniques described elsewhere [28] weegiress dissociation and catalytic
constants in terms of turnover rates and Michaelisstants in following manner:

_ HP HT GSHIGSH GSS GSHIGSHIHP
A_ KHPETE m + KEFFI)_X )+ KGSH U(GSH m1+ K(gpSXSG + KGSH U(GSH D(HP

k¥ HP [GSHIGSH

— cat

- HP GSH GSH
K., K, K.

Thus, reaction rate of gluthation peroxidase inetul unknown parameters. Value of Michaelis
constant with respect to gluthatioK £>") has been taken from literature. Other 4 pararaeter
have been estimated on the basis of fitting of#te equation agains two sets of experimental

data. Figs 9 and 10 demonstrate quality of thedjttvValues of the parameters are summarized
in Table 1.

Appendix 4. Kinetic model of the 5-hydroxyeicosanai dehydrogenase
ODE system describing catalytic cycle of 5-hydraggeanoid dehydrogenase (Fig A4)
can be represented in following way:

d[HEDH

[ ] =Vs =V,

dt
d[HEDHHETE] :V _V
dt 6 1

d[HED:t NADPH] :V2 _V5 (41)
d[HEDH'

[ ] =V; -V,

dt



d[HEDHonoETE] _

dt V-V,
d[HEDH' ]
dt NADPI — V4 _V2

All reaction rates are in accordance to mass atdmnlLet us assume that reactions of
substrate binding and product dissociation (Vi,43,6) are much faster than rates of catalytic
steps (V1 and V2):

V1 = k1hEdh [ﬂHEDH HETE] - kPledh [ﬂHEDH'oonTE]
V2 = k;ec‘h EHHEDHI NADP] - kbgdh [ﬂHEDH NADPH]

[HEDH'] [[oxOETE]
- K hedn )

OXOETE

- [HEDHINADP]) (4-2)

V3 = k3 |],\13 = k3 m[HEDH'oonTE]

¢ [HEDHT] [[NADP]

hedh
K NADP

V, =k, v, =k,

[HEDH] [[NADPH]
K hedh )

NADPH

—[HEDH HT])

V5 = k5 EWS = k5 Eﬂ[HEDH NADPH] -

HEDH] [[HT
kL iJ ]
HT

Ve = ks W,

Summing up first 3 (and last 3) equations of systér) and replacing first (fourth)
equation with corresponding resulting equation, oii@ins:

d([HEDH] +[HEDH ,;; ] +[HEDH \x0p41)

dt B
d[HEDH
M =V6 —Vl
dt
d[HEDH ]
i NADPH :\/2 _V5
d([HEDHI] + [HEDHonoETE] + [HEDH' NADP]) :V1 —V2 (43)
dt
d[HEDH'_,,
ETE] :V1 _V3
it
d[HEDH' ]
” NADP =V, -V,

Let us introduce new variablésandy:

X =[HEDH] +[HEDH,;] + [HEDH yxopu]
Y= [HEDH'] + [HEDH'OXOETE] + [HEDHI NADP] (44)

Tendingk,, i = 3, 4, 5, 6 to infinity and taking into accdwexpressions for new
variables, one obtains from system (4.3):
dX

o



dv
dt
w, =0,w, =0,w, =0,w; =0,

=V, -V, (4.5)

Applying to the system (4.5) the same techniqueseakave applied to the system (3.5)
of Appendix 3, one obtains following expressionifate equation of 5-hydroxyeicosanoid
dehydrogenase:

HEDH , (B

Vhedh - (48),

k" [ky*"[HT INADP _ k""" [k's*" (bxoOETECNADPH

hedh hedh hedh hedh
K HT (K NADP Ko><oETE (K NADPH

B=

NADP oonTE) 1 k" HT N k" INADPH
K hedh K hedh K :«_T_dh K hedh

NADP OXOETE NADPH

A=((1+ )+

HT  NADPH , _ k" [0x0ETE  k}*"[NADP
hdh+ hedh )m hedh + hedh ))
K" K Kpe K

HT NADPH OXOETE NADP

+(1+

Thus, reaction rate of the enzyme includes 8 unknparameters. These parameters have been
estimated on the basis of fitting of the rate elpuahgainst two sets of experimental data. Figs
11 and 12 demonstrate quality of the fitting. Valoé the parameters are summarized in Table
1.

Appendix 5. Metabolite degradation rates.
Vira = kura " HT

Viraa = Kiraa - LTA4 (5.1)
VoxoeTEd = KoxoerEd - 0OXOETE

Appendix 6.

Fig. A5 demonstrates comparison of model simulatesults with experimental data [23]
characterizing 5LO inactivation in the presenceL®A4. Despite model simulations poorly
reproduces experimental data it is possible to loolecthat deviations of model predictions from
experimental points is less than two times. Inespitproduction of HP, HT and LTA4 [38] has
not been perfectly described (Fig. A6), model $attory reproduces distribution of lipid
peroxide products [38] 10 mins after addition c¢ #nzyme to reaction media (Fig. A7). Time
course of experimentally measured LTA4 producti®®] [has also been reproduced satisfactory
by our model (Fig. A8).



