Supplementary material 1

A system of equations corresponds to the schemes in Figs. 1-3 in the main text and
contains 26 differential equations for the changing of the concentration in every El state, one law
of conservation of total EI concentration, differential equations for PEP, Pyr, P; and HPr, one law
of conservation of total amount of HPr, laws of conservation of phosphate and “carbonic base”.
The right-hand member of the equation indicates a sum of the rates of all elementary processes
in which this form is involved. The expressions for these rates were written according to the

mass action law (see below):

v, =k (EI?~D-K®),  i=1,357811
v =k (DP—ELEPy 755
k

v, =k, (DP, - 20 EIPy 39 40, 41, 42,4445
v, =k, (DPEP - 20090y - p=15.17

Kp
v, =k, (DPPEP - DEEW), 4=20,27,36

q

. 5.1
v, =k (EPEP—E-PEPy 15 10,12,14, 26,29.30,31,33, 35,38, 43 S
v, =k, (EPyr—E 'prr) . U=4,6,9,13,18, 21-25, 28, 34,37, 46

u

=iy (e EEP) g

D-HPrp

di
m

DP, - HPrP
d

vh, =kh, - (DP - HPr -

), m=10-18

vh, =kh -(DP, - HPr - ), n=4-9,

n

Here El is any form of a non-phosphorylated monomer. EIP is any form of a
phosphorylated monomer, D is any form of a non-phosphorylated dimer, DP is any form of a
phosphorylated dimer, DP, is any form of a doubly-phosphorylated dimer, EPEP is any form of

the enzyme with bound PEP, EPyr is any form of the enzyme with bound Pyr; the constants of

dimer dissociation: K®™' correspond to non-phosphorylated dimer, K™ correspond to

phosphorylated dimer, K" correspond to doubly-phosphorylated dimer; the equilibrium



constants of dimer phosphorylation: KLO correspond to phosphorylation of the non-

phosphorylated dimer, K;" correspond to phosphorylation of the singly-phosphorylated dimer;

the constants of substrates dissociation: K, correspond to dissociation of the PEP, R, is the same
for Pyr (symbol R for Pyr dissociation constant is used for to make clear conclusions in the

paragraph “Studying the obtained values of the parameters”); the equilibrium constants of the

HPr phosphorylation: Kh, correspond to phosphorylation by a monomer, Khi" correspond to

phosphorylation by a phosphorylated dimer, Kh' correspond to phosphorylation by a doubly-

phosphorylated dimer. Symbols and indices of the constants of rates correspond to those given
in Figs. 1-3.

The example of rate notation is given below.

In order to simplify and reduce the amount of equations we divided the states of El into 5
groups by features of phosphate group presence and the state of oligomerization: a non-
phosphorylated monomer, a non-phosphorylated dimer, a singly-phosphorylated dimer, a
doubly-phosphorylated dimer, a phosphorylated monomer. Thus, the state of the enzyme inside
any group changes due to the binding of PEP or Pyr, the transfer from one group to another is
carried out through reactions of dimerization (dissociation) and reactions of phosphorylation

In conformity with assumption (3) in the section “Known experimental data and
hypotheses used for model development” in the main text, reactions of substrates binding (PEP,
Pyr) run much faster than the transfer of phosphate group to EI or dimerization [14]. Each of
these reactions can be considered to be in quasi-equilibrium.,

So, it is possible to turn to new variables — total concentrations of the enzyme’s states
belonging to one of the groups. Here, the rates of the changing of these concentrations, as
already mentioned above, are determined by dimerization (dissociation) and phosphorylation

reaction rates.



In order to demonstrate the transformation from a complete to a reduced catalytic cycle in
detail, let us consider one section in the reaction scheme, where a non-phosphorylated monomer
(EI") and a complex of this monomer with PEP (EIP5") and Pyr (EI™") are involved (Fig. 1)

We can demonstrate with this example how we proceeded to new variables as well as
how previous variables (concentrations of different forms of the enzyme) were expressed
through concentrations of new variables.

Here, we write equations that describe changes of former variables in time. The
concentrations of different forms of a non-phosphorylated monomer alter because of the
processes of substrate binding, the formation and decay of non-phosphorylated and once

phosphorylated dimer and HPr phosphorylation (see Fig. 1 in the main text and Fig. 1 in

Appendix).
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The numbers of reactions correspond to the numbers of reactions in the Figures. In
accordance with the assumptions, made above, the reactions 2 and 4 are rapid and others are

slow.

Writing the sum of all three equations instead of the first equation gives a new system:
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Consider the second equation in S.3
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Since the rate v, in the second equation can be expressed as:
Vv, =k, -(El" -PEP—EI™ .K,) (S.5)
the second equation can be rewritten as follows:
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Dividing the left and the right side of the equation by k, gives:
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Pass to new variables:

Y=ElI"+EI™ +EI™ (S.11)

Taking into account the formulae (S.9-11), the former variables are expressed through Y

as follows:
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So, we moved from a system of three differential equations to a system of two algebraic
equations and one differential one for the variable Y, the value of which changes only due to

dimerization of EI (dissociation of the dimer) and HPr phosphorylation:
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Now expressions for the rates Vi, Vs and Vg can be rewritten in accordance with the

formulae (S.1) and (S.4). We will do it for V; as an example. So:

Consider the rate V4, in compliance with formulae (S.1):

Vl — kl((EI f)2 _ Df . KldE|)+k3(E| f . EI PEP DPEP . K??EI)+k5((EI PEP)Z _ DPEP2 . K5dE|)+ (S 14)
+k7(EI X EI Pyr DPyr . K7dE|)+ ks((EI Pyr)2 _ DPyrZ . K;EI ) + kll(EI PEP EI Pyr DPEPPyr . KflEl ) !
Here, D™is the non-phosphorylated dimmer concentration, the upper indices denote

bound ligands, so that D" is the free dimer concentration; a dimer with bound substrates: D" -

with PEP, D™" - with Pyr, D"*"?- with two molecules of PEP, D™"*- with two molecules of



Pyr, D" - with PEP and Pyr. In the formula (S.14) the former variables are used, so we ought
to turn to new variables. EI"* and EI™" are expressed in accordance with the formulae (S.13). In

a similar manner it is possible to show that the forms of the dimer can be expressed as:
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The reaction rate V then can be written as:
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However, according to the relations of detailed balance
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Substituting these expressions in the formula (S.14) it can be written in the more simple form -

r,=r-A2-K* /A, (S.18")



The rates Vs and Vg can be described in the same fashion.

Other parts of the scheme are described similarly. Since at any stage the binding of PEP
and Pyr proceed much faster, then it is reasonable to use differential equations when describing
variables, the value of which change in the course of the following processes: the formation and
decay of EI dimer (V1, Vs, V4), the first and the second phosphorylation of EI dimer (V2, V3),
phosphorylation of HPr with a monomer (Vs) and dimer (V;, Vg). Thus, all the states of El
enzyme are to be divided into the following groups: a monomer, a phosphorylated monomer, a
dimer, a singly-phosphorylated dimer, a doubly-phosphorylated dimer. In this case, analogous to
the example considered above (formulae S.4), the rates of changing of these values are equal to
the sum of the rates of elementary reactions.
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A new reduced catalytic cycle is given in Fig. 2.

Thus, the kinetic model describes the following variables:
a monomer Y with or without bound ligand (PEP or Pyr):
Y =EI" +EI™ +EI™; (S.20.a)
a dimer Z with or without bound ligand (PEP and/or Pyr), in every possible arrangement :
Z=D"+D + D™ +D? + DM L DO, (S.20.b)
Phosphorylated dimers with or without bound ligand (PEP and/or Pyr), upper indices denote
ligands at subunits: the first index denotes ligand at the phosphorylated subunit, the second one

denotes ligand at the other subunit:



ZP — DPf + DPPEPO + DPPyI’O + DPOPEP + DPOPyI’ + DPPEPZ + DPPyrZ + DPPEPPyr + DPPyI’PEP ;

(S.20.c)
a doubly-phosphorylated dimer with or without bound ligand (PEP and/or Pyr):
ZP, = DP," + DP,”® + DP,”" + DP,”*"2 +- DP,™"? + DP,”E"P" ; (S.20.d)
A phosphorylated monomer with or without bound ligand (PEP or Pyr):
YP =EIP' +EIP™™ +EIP™"; (S.20.e)

Taking into account the quasi-equilibrium approximation these relations can be rewritten

through concentrations of free enzyme forms and substrates:

Y =El-A,

Z=D-A,

ZP =DP-A,, (S.21)
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Different forms of HPr:
HPr is a free enzyme
HPrP is a phosphorylated enzyme
Moreover, the model takes into account laws of conservation for the amount of EI and

HPr.



Y+2-2+2-ZP+2-ZP2+YP =El (S.23)
HPrP+ HPr = HPr, |

total

Here, El, and HPr,, are pools of EI monomers and HPr, respectively.

The rates of reactions in this model are calculated analogous to the example given above
(formulae (S.14-18"), so we omit the derivation:
The rate of the first phosphorylation
V,=r,-Z—-r,-ZP, where

PEP PEP Pyr
r= (ko +k16+k15-Rli)/AZ (S.24.1)
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The rate of the second phosphorylation
V,=r-ZP—-r,-ZP2, where
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r=m +k27+k20-RL)/AZP (S.24.2)
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The rate of dissociation of the singly-phosphorylated dimer
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The rate of dissociation of the doubly-phosphorylated dimer
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The rate of the transfer of phosphate by a monomer to HPr
V,=r,-HPr-YP—r,-HPrP-Y, where

PEP

- kh,?)myp (5.24.5)

43 46

= (kh, -

s ="1-Ayp /(Az ) Khz)
The rate of the transfer of phosphate by a doubly-phosphorylated dimer to HPr
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The rate of the transfer of phosphate by a singly-phosphorylated dimer to HPr
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HPrP hydrolysis
V,=r,-HPrP—r -HPr.P (5.24.8)

As in some experiments PEP concentration was comparable to the enzyme concentration,
the change of this concentration cannot be neglected. In the initial system (1% paragraph),
changes of PEP and Pyr concentrations were described by the differential equations, in the right
part of which was the sum of the velocities of elementary processes. In order to describe the
change of PEP and Pyr concentration without considering separate steps of binding, we wrote
two laws of conservation:

PEP + PTSP +El - PEP + P = PEP(0)+ PTSP(0) — is the law of conservation for a phosphate

group



Pyr = Pyr(0)+ (PTSP —PTSP0)—El - Pyr- is the law of conservation for carbonic bases
quantity.

Here, PTSP is a total concentration of phosphorylated proteins of EIl and HPr:

PTSP=ZP+2-ZP2+YP+HPIP;

PEP(0), Pyr(0), PTSP(0) denote initial concentrations of PEP, Pyr, PTSP respectively,
P; is inorganic phosphate, El - PEP and El - Pyr are the total concentrations of the forms of the
enzyme to which metabolites PEP and Pyr are bound, respectively. Here the concentration of the
PEP bound to the enzyme is calculated as a sum of concentrations of all the states with bound
PEP. These states are expressed through novel variables in accordance with the formulae from

the system (S.13, 15):
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(S.25.1)

Similarly, Pyr bound to the enzyme is calculated:

" Opyr:L'MJri‘{PEP'Pyer PYC 12, Pyr)}r ZP .[Pyr.(“ PEP, Pyr ., PEP
AY R4 AZ K12 R13 R9 R6
N ZP2 Pyr o Pyr N PEP)+ YP Pyr

AZP 2 RZS R24 KS? AYP R46

ZP R25 K29 22 19

(S.25.2)

Thus, our model contains 6 differential equations and 4 laws of conservation.

Py



Y+2-2+2-ZP+2-ZP2+YP =El,

PEP + PTSP + El - PEP + P = PEP(0) + PTSP(0)
Pyr = Pyr(0) + (PTSP — PTSPO) — El o Pyr
HPrP+ HPr = HPr,

(S.26)



Supplementary material 2.
In the list (Table S.1) the constants marked with asterisk can be expressed through
independent constants (not marked with asterisk) with the use of ratios of detailed balance.

So,
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K37EIP = stEIP Ry IRy
ngEIP = KEBEIP Ko 1Ky
KSOEIP = Kf7EIP Ky 1K,
K5dlEIP = KEBEIP Koy K,
Ko™ =K' Ky /K,
K =Kg" R/ Ry
K:f'P = ngE'P ‘R /R,
Kf?sEIP = KS4EIP Ky T K s
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Kh, = K, -Kh, /K, (S.27)
Khs! = Ky, - Khy /Ky



Kh,® = K, -Kh{ /Ky,
Khy = K, - Kh," 1K,
Kh® =R, -Kh{ /R,
Kh,’ =R, -Kh{ /R,
Kh' =R, -Kh,' /R,
Kh" =R, -Kh'/R,,
Kh,® =K, -Kh® /K,
Kh,™ =R, -Kh,"* /R,
Kh,* = K, -Kh,"' /K,
Kh13dl =R, Khlodl IRy
Kh,* = K,, - Kh," /K,
Kh," =R, -Kh, " /R,
Khmdl =Ky Khwdl TKy,
Khudl =Ky - Khwdl Ky,
Kh,** = K,, - Kh, ™ /K,

In accordance with the assumption (1) mentioned in the part «kKnown experimental data
and hypotheses used for the model development» in the main text, the presence of Pyr at the

subunit has no effect on the rates of transfer of a phosphate group to HPr. Therefore, some rate

constants were considered to be identical:

kh, =kh,

kh, =kh,

khy, =kh,

kh, = kh,

khy, =kh, (S.28)
khy; =khy,

khys =khy,

kh, =kh,

khyg = khy

According to the assumption (2) mentioned in the main text above, some Kinetic constants
similarly depend on temperature. Thus, the presence in some cases of Pyr at one of the subunits

has no impact on temperature dependence of reactions observed at the other subunit:



AH,, = AH,,

APl =AH,, (S.29.1)
AH,, = AH,

AH, = AH,

Some activation energies were also equated:

Ea, = Ea,

Ea, = Ea,

Ea,, = Ea,q

Ea,, = Ea,

Ea,, =Ea,, (S.29.2)
Ea,, =Ea,

Ea;, = Ea,, = Ea,, =Ea,

Ea,, = Ea;,

Ea;, = Ea,q

Dissociation constants of proton from catalytic site depend on temperature equally for all the

states of subunits:

AH (Kg5,,) = AH (K79) = AH (Kpe.)) = AH (Kgg (S.30)
AH(KD,) = AH (K!%) = AH (K™%, ) = AH (K2

0 pep ppep
The constants of dissociation of proton from the site responsible for dimerization depend
similarly on temperature, irrespective of the state of the enzyme (a dimer or a monomer)

AH(K®) = AH(KY

AH(KM™) = AH (K] (S.31)



Supplementary material 3.

Expressions for the dependences on pH. In this case, to simplify the description, a
number of extra suppositions has been made: (a) protonation of the dimer subunits occurs
independently (i.e. there is no co-operativity of subunit protonation); (b) Pyr binding to the
enzyme does not affect protonation, and protonation does not affect the binding of Pyr; (c) there
are two sites of hydrogen binding per subunit, the protonation of one of the sites influences
dimerization, and the protonation of the other site (catalytic) has an effect on all the other
reactions; (d) protonation of the site affecting the dimerization occurs independently of the
protonation of the catalytic site; (e) constants of proton dissociation from the site affecting the
dimerization are different for the monomer and the dimer, and constants of proton dissociation
from the catalytic site are identical for the monomer and the dimer. The reactions of the
phosphotransfer to HPr were considered as unaffected by the pH value. According to these
assumptions, the concentration of the active form of any of the monomer states of the enzyme

can be written as follows:
EXZ = E)t(Z .AXZ (832)
Here, E;, is the total concentration of a monomer form in one of the states shown in Fig. 1, E,,

is the concentration of the catalytically active form of the enzyme in this state, and A,, is the

function of pH:

1

e

Xz

(S.33)

Here, h is the concentration of protons, K is the dissociation constant, which describes the

dissociation of a proton from a singly-protonated site. In this case the state of a monomer is
described by two indices x and z. The index “X” is equal to either “p” or “0”, implying that the
site is phosphorylated or not. The index “z” is equal to either “pep” or “0”, implying that PEP is

bound to enzyme or not. There is no index for Pyr, since this was assumed to be irrelevant in this



respect. Parameter K" is the dissociation constant which describes the dissociation of a proton

from a doubly-protonated site, while symbols “X” and “z” have the same meaning as mentioned
above.

Due to the assumption (a), the concentration of the active form of a dimer at some state
can be expressed by the following:

D D, A

xexlzl — “xaxizl

A (S.34)

x1z1 *Sxz

Here D! is the concentration of

xzx1z1

is the concentration of the dimeric form in this state, D

xzx1z1

the catalytically active form of the enzyme in this state, and A,,, and A,, are the functions of

pH, according to the expression (14). The state of a dimer is specified by the indices “x”, “x1”,

“z”, and “z1”. Indices “x1” and “x” indicate whether subunits of a dimer are phosphorylated or

not, and “z” and “z/” indicate whether PEP is bound to the catalytic site of each of the subunits.
Thus, the equilibrium constants and the rate constants for elementary i-th stages are

described by the functions:

Ki (T, pH) = Ki (To)' pi : f(T’AHi) : gl(pH’ K:zl’ Kfzo, Krllzl’ K:lozl’ K:;zw K:Szw K:;231 Kre?zs
ki(T, pH) =k (Ty)- p;- (T, Eq)-g,(pH, K:zl’ Ko Kfllzu K:10z1

Xz !

(S.35)

where K, (T, pH)and k (T, pH) are respectively the equilibrium constant and the rate constant

of the i-th elementary reaction at the temperature T and given pH (a few examples of

designations are presented in Fig.1 and the explanation of designations can be found in
Supplementary 1), K, (T,)and k; (T,) are constant factors which depend on pH, p; is a statistical

weight factor,

o AH (T -T)
f(T,AH,) = exp(— 22— - ) (S.36)
£(T,Ea) —exp(EA (o =T)y (5.37)

R-T-T,



gl(pH’ Krzl’ K:zo’ Krllzl’ K)szl’ K:;zw K:SZZ’ K)I:;Z3’ K:(;)z?,’) and gZ(pH’ K:zl1 K)t]zo’ Krllzl’ K:lozl) are the
functions of pH, symbols “X”, “x1” describe the phosphorylation state of the subunits in the
initial state, “z” and “z1” describe whether PEP is bound to the catalytic site of each subunit in

the initial state, “x2”, “x3” describe the phosphorylation state of the subunits in the final state,

“z2” and “z3” describe whether PEP is bound to the catalytic site of each subunit in the final

State’ SO' that K;q(TO)'gl(pH’K:zl’K:zo’K:le’K:lOzl’K:;zPK:gzZ’K:;za"K:??z3) iS the equ”ibrium
constant at the temperature To and given pH; k. (T,)-g,(pH,K})is the rate constant at the

temperature Ty and given pH. In fact, all the proton dissociation constants described above
depend on the temperature in a similar manner to the equilibrium constants according to the
formula (12) of main text. The form of the functions g; and g, depends on the enzymatic state (an
example of deriving the functions, as well as the functions for each of the constants are given
below).

Let us demonstrate this by taking one constant as an example. Consider the reaction of
PEP binding to EI monomer (reaction number 2).

Since, according to the assumption (0) expressed in part «The dependence on pH and
temperature» in the main text, only once protonated form of the enzyme is involved in this

reaction, the rate of such reaction is equal to:
v, =k, (pH)-(El," -PEP—EI” - K, (pH)) =k; - (E "~ - PEP - EI " - K?) (S.38)

where EI," is the total concentration of free monomer, EI™is the total concentration of a

PEP- :
| I

monomers with bound PEP, El'"is the concentration of singly-protonated monomers, E S

the concentration of the singly-protonated monomers with bound PEP, but Kjand k; are the

constant of PEP dissociation from singly-protonated monomer which is independent of pH, and
the rate constant, respectively.
Total concentration of a monomer is equal to the sum of concentrations of non-

protonated, singly-protonated and doubly-protonated forms of a monomer:



00

HJ:EU+EU’+EN*:EF-a+i%~a+i%»:EU<(
K K

Similarly,
ho H
EItPEP = El PEP- ( lo_;)ep +1+ Khl )
0 pep

(S.39)

h0
& +1+ ihl
H Koo

(S.40)

Express EI"~ and EI™ from formulae (S.39-40) and substitute into the expression for the rate

(S.38):
f EI PEP . KO
v, =kJ-(El'"-PEP-EI™ .K})=k?- hOE“ -PEP - — 2
KOO H KOpep H
+1+— +1+——
H Koo H Kosep
Calculate the constant of equilibrium K, of the reaction 2 (v, =0)
ho
FEO+1+;11 A
K, =El -PEP/EI”® =K} - — 0= K7 —2, (S.41)
KOpep H A0
+1+—
H Kopep
where
ho
A) = %+1+%
00 (S.42)

H

h1
KO pep

ho
L

H

pep _
Ay =

initial state. For instance,

DPEPR,

Analogous expressions were also obtained for the other equilibrium constants.
The rate constants are expressed similarly, but in this case it is necessary to describe only the

DPPyr (S.43)

DPPyr’) O
—Ry5” e -
AXP A A%-Ag-Kg

v, =k -(DPEP™ — 0
t0

Therefore,

15 —

(S.44)



K
A =—"°+1+% (S.45)
H K™

In order to write pH-dependencies for all the constants, write auxiliary functions:

KhO
AN =P 1 l;ll (S.46)
H Kppep
Functions for description of protonation of the dimerization site
K H
Ac = |—c| +1+W (8471)
K H
Ay = ?Cd+1+ﬁ (S.47.2)

cd
Now write pH dependencies for kinetic constants. Expressions for equilibrium constants are the

as follows:
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KfEI — KldEIO . ((AAC ))2
cd

K12 = Kloz :

K14 = K104 :

L
K15_K15

o0 p
KlG - Kle'

_Ko o
K17_K17

VL
KZO_KZO

Kze = ng :

_Kko . 2
K27_K27

_Kko .
K29_K29

_ Ko p
Kso - Kso'

_ Ko p
K31 - K31'

o p
K33—K33'

_Kko . 2p
K36_K36

_ Ko . 2
K38_K38

K, =KC, - —=

KfsElpz _ KldEIPZO ) (Ac)2

(Acd )2

2
nglp — ngEIPO . ((AAC))Z
cd

(S.48)
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(A.)?
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(A.)°
7= k;)
(A)°
8~ k:
(A.)°
Ky, = k101
(A.)°
k15 = a
AL i
0. pep
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AL 12
0, pep
k17 = k107 |
(Apep
)2
kzo = ko
" 20
k p -Ag”
27 = ks
" 27
k AT
36 s
e 36
k o Ag
39~ kgg
(A
cd)2
k40_ kfo
(Ay)’
k cd)
4a = kfl
| (B
42 = kfz
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k44_ k;)



45 (A, )2
_ ki
a7 = (A, )2
kg
48 = (A, )2
_ ki
49 (A, )2
sy
50 (A, )
Ks, = kgl 2
(Aw)
ks,
52 (A, )
Kss k503 2
(A)
_ ks
54 (A, )
Kss

55 — (ACd)z

(S.49)



Figure legends for Supplementary 4

Figure i. Fitted experimental data from reference [17]. Phosphorylation of the EI without
HPr.a)time course at T=27°C, pH=6.5, concentrations: (m)-El — 0,77 uM, PEP — 10 uM, (®)EI —
154 uM, PEP — 0,2 uM ; b), ¢) — Equilibrium concentrations of phospho-EI with different initial
concentrations of EI and PEP (shown on axis): b)pH6.5, c)pH=7.5, d) Equilibrium
concentrations of phospho-EI with different initial concentrations of Pyr, pH=7, El — 4.6 uM ,
PEP — 0.3 uM.

Figure ii. Fitted data from reference [6]. Phosphorylation of the HPr . a)Time course of El
phosphorylation by HPrP, T=25°C, pH=6.5, initial concentrations EI -50 nM, HPr — 18 nM,
HPrP — 31 nM, (m)- HPrP;(e®)- EIP ; (b) time course of the HPr phosphorylation in presence of
PEP, initial concentrations: EI — 140 nM, PEP - 44 uM, HPr —1,85 uM;

Figure iii. Fitted data from [5]. Dependence of the initial velocity of the HPr phosphorylation
on PEP concentration with different HPr concentrations (in uM): (m) — 40, (e) — 20, (A) — 10,
(#)-5,(%)-3.

Figure iv. Data from reference [17] described without fitting. Equilibrium concentrations
with different concentrations of EI and PEP T=27°C: a) pH=8; b) pH=7.
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Supplementary material 5.
TABLE S.1. The values of constants obtained by fitting. The constants marked with asterisk are

expressed through other constants by the detailed balance ratios (see Text S2). The constants for

Pyr dissociation are designated by the letter “R”. other constants by the letter “K”.

Constant

designation

Value of constant
factor (see eqg. (S35 in

Text S3))

Value of parameter at

T=25° C. pH=7.0

Enthalpy [kcal/mol]

The equilibrium constants of elementary processes in the cycle of EI phosphorylation

dEl

K; 0.001427 3.811-10* mM -2.668
Kz 1071 -
0.07329 6.658-107 mM 195.3
dEl
*K, 7.956-10° mM
R. 8.184-10° 8.184-10° mM 119
dEI
*K. 9.655-10% mM
R. (2:R) 1.414-10 1.414-10 mM 0
dEl
*K, 2.089:10% mM
dEl
*Ks 1.209-107 mM
R, (&
) 2.596-107 2.596-10° mM 0
K 4.509-10% mMm
Ky 8.187-10° mM
AP
K ( 2 ) 1.53-10°° 1.39-10% mM 104
R 8.421-10°% 8.421-10% mM 38.7




K. (2:Ky) 8.894-10™ 8.079-10° mM 0
K 2.233 709.9 3.7
K 127-10° 403810 3.7
Ky (2:K) 60.96 1.938-10" 355
"Ris 4.79-10°" mMm
K 1.683-107 mM
0 (Ka) .
2 2.816-10 89.52 0
"Ra 3.343-10° mM
R 1.831 1.831 mM 0
"R 3.224-10° mM
*R, (2-Ry) 1.226:10° mM
Rz 2.623-10° 2.623-10° mM 0
Ko 1.05-1072 9.558:10% mM 0
Ko 1.071-10™ 3.404-10% mM
Rz (%) 1.748:107 1.748:10° mM 128.5
K 2.759-10° 5.974:10° mM -70.3
K 7.007-10* 1.517-10" mM -70.3
Ka 4.126-10° 8.933-10° mM 0
K 9.748:10* mM




Ks 6.394-10* 1.384-10% mM 189.8
"R 1.033-10° mM
K 5.628-10° mM

-

3 9.812-10™ 3.12:10" mM -0.6
"Ry 1.231-107 mM

Ky (2:Ky) 2.08-10° 4.504-10" mM 0.9
Ko 7.064-10" mM
K 4.52:10* mM
K 7.957-102 mM
K 1.863-10° mM

K 1.331-10° 2.882:10* mM 0

K 2.589-10 mM

K 3.523-10° 9.409-107 mM 15.7

R 8.825-10 8.825-10* mM 2.787
Ko 1.653-102 mM

K 2.983-10° 7.969-10° mM 0

Ko 4.195-10° mM
“Ka 4.18:10° mM
Ko 1.144-10° mM
“Ka 3.546:10° mM




dEIP

K 9.677-10° mM
dEIP

K 2.554-10° mM
dEIP

K 5.294-10° mM

The rate constants of the elementary processes in the cycle of EI phosphorylation

Value of constant | Value of parameter at Activation energy
factor (see (16)) T=25° C. pH=7.0 (kcal/mole)
K 65.96 38.12 mM*tst 0
K 5.943-10" 2.718:10"° mm*s? 54.3
K 70.02 38.44 mM™tst 0
K 2.49-10" 2.103-10" mm*tst 0
Ks 1.546 8.488-10"* mM™s? 0
K 4.944-10” 1.938:10% mM™ts? 54.3
Kis 1.307-10° 3.594-10° s* 193
Kis 7.129-10° 1.587-10° 52 193
K- (2-k) 1.287-10% 281.15" 0
Kz 1.217-10* 8.1s*t 0
Kz 2.888-10’ 1.923-10% s 0
Kss 2.552-10° 1.97-10°s* 0
K s 1.017 1.481-10" mM-s™ 96.6
Ko 0 0 0
K 0 0 0
K. 0 0 0




Ku 0 0 0
Ks 2.319-107 3.376-10° mM-s™ 0
K 0 0 213
Kis 6.06-107 8.823-10° mM-s* 213
Ko 0 0 0
Ko 0 0 0
K1 0 0 0
Ke 3.01-107 4.382-10° mM-s™ 6.7
Kss 8.858-107 1.29-102 mM-s™ 213
K ss 0 0 213
Kss 104.1 15.15 mM-s™ 0
The constants of proton dissociation
Value of constant | Value of parameter at
factor (see (16)) T=25° C. pH=7.0 Enthalpy (kcal/mol)
ho
Ko 6.344-10°° 6.344-10° mM 6.6
hl
Ko 5.409-10°® 5.409-10° mM 0
ho
K ope 1.345-10° 1.345-10° mM 6.6
hl
K opep 8.782:10° 8.782:10° mM 0
ho
Ko 2.806-10° 2.806-10° mM 6.6
hl
K 1.464-107 2.806-10° mM 0
ho
K oeeo 5.982-107 5.982-107 mM 6.6




hl
K ooes 4.642-10° 4.642-10° mM 0
ho 8 8
K 1.884-10° 1.884-10% mM 3.2
hl 5 5
K 6.17-10° 6.17-10° mM 0
hO
K. 4.859-107 4.859-107 mM 3.2
hi . .
K. 2.86-10" 2.86-10 mM
The equilibrium constants of HPr phosphorylation
Value of constant | Value of constant at
factor (see (16)) T=25° C. pH=7.0 Enthalpy (kcal/mole)
*Kh, 231.6
Kh, 21.48 21.48 0
*Kh, 9.29610°
d
Kh. 5738107 5738107 0
d
*Khs 8.311-10
d
*Khs 5237107
d
*Khs 4.191
d
*Kh, 3.823-107
d
*Kh- 5478107
d
*Kh, 1.402-107
d
*Kh, 3.172:10°
d
*Khy 6.238:107




Khi

84.34 84.34 13.3
*Khi 8.523-10"
*Khy, 580
*Khs 5.948-10°
*Khs, 2.221-10"
*Khss 2.015
*Khy 920.5
*Khy 641.3
*Khie 1.129-10*
The rate constants of HPr phosphorylation
Value of constant | Value of constant at Activation energy
factor (see (16)) T=25° C. pH=7.0 (kcal/mole)
“Kh. 0.673-10* 51
e 9.673E4 9.673-10% s 0
KN, 1.718E-7 1.718-107 st 0
kh,. (2-kh,) 9.512:10° 9.512-103 s 0
KNs 0 0 0
kh,- (2-khy) 1.595-10" 1.595-10" s 0.03
"Kh; 9.512-103 s*
"k 9.512-103 s*
“kh, 0 0




Kh,, 1.578699-10° 1.579-10° s 0
"KN., 1.579-10° 5™
KN, 0 0 0
"KN, 1.579-10° s
Ly* 0 0
“KNe 1.579-10° s
KN, 4.069896-10° 4.07-10°s™ 0
Kh., 0 0 0
"KNs 4.07-10°s* 0
HPrP hydrolysis
Value of constant | Value of constant at Enthalpy (activation
factor (see (16)) T=25° C. pH=7.0 energy) (kcal/mol)
khyd 1.024-107 1.023740-10° mMs™ 0
Ko 4,553 3.9588 mM 0




