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uwhuﬂiﬁ“"" Model successfully explains ‘ramp’ and ‘step’ experiments, but
_/""h/ not exact adaptation. Three methylation states are necessary to

7. How to cite.

2|  methylation accurately reproduce the responses to both step and ramp stimuli.
=
E 1 2 :
g TEl} = Tgp=—"— T4p 1. So, you either
& | . ‘add blocks’, or
= ° model ‘everything’.
T - 2. Are there blocks?
= 1 3 2 3. OK to be an
outsider.
4. Explain all, or
5 6 part?
5. Always,
f important qualitative
LT, — LT, —_—L zpunch line.
Y- > Yp
6. Importance of tables of parameters and K j .
variables from as few sources as possible. Iﬂp ( \ - Tn
B -




Biochemistry: Spiro e al.

Prioc.

Table 3. Rates used 1 the model, and corresponding values from the hterature

Natl. Acad. Sci. USA 94 {1997)

Reaction [Late constant Value Literature value [Lef.
T:R—=Ts+ R K1 117 "1 017 s"1 12
TR =T:+ R [ 0.1% . 02Ky * 13
IL.T.R - LT; + R Kz 30k . |5k, — 30k, T 13
LT:-R = LT, + R K A0, | 5k. — 30k, T 13
T, + BR=T.R e M ta, oo, Kap /K 1.7 FLM 1.7 |'.I.M 12
I's+ 8B, -T2+ B ko 4w 107 MLyl Ao 105 Molsd 11
Ts+ H —Ts + B, ko= 3o 104 M Ly =30k 3 13
II+H—11I+H k5 k_y k_ 8 13
LT, + B, —EJ‘L.+H k. k4 k_ 8 13
I + T = LT ks, ke, k7 Tow 107 M Lyl T 107 M- 1sd al
I[T—=L+T k=, k-g, k-7 Ts1 T s 1 3l
i T;f..- k= 155! 17 s} 14
Ty —= Ty, ko ks
Ty — Ty ko, 3. 2ks
[T —+f.]r';|.. k1 0
.75 —*I.lr'.l. k 1z l.1ks
I.T: —+I.:|r;l-. ks 0,72k 10 k1o 15
B+ T,—B, + 1T, kg, B 107 MLyl B o 105 M- 1s! 11!l
Y + '.I",_;.. —= ¥, + 1, ' 3 107 MLyl Ao 107 Molsd 14
By — B ko .35 51 035 51 14
‘r’.+;.'—+}’+.-" k- 5o 107 MLyl 5o 105 Mo lsd 14

“Methylation rates of different methylation sites vary by a factor of up to 50,

T[Jr_'lnd binding mncre ases methylabon rates of different methylation sites by a factor of

II'.:'-.|11-.I|11.-1'|L|L1|1 rates of different methylation sites vary by a factor of up to 3.

ligand binding has little effect on demethylation rate.

fEstimated from fgure 10 in rel, 3.
IEstimated from Hgure 3 in ref. 11.

| 530,



TABLE 2 Chemotaxis signal transduction reactions

Ligand binding T, + L T L{=Ty) ——
. . o T . - _.,_i o | . -
Meylation T, +RF T R T R—T,,, +& % »-1 [f et R Lo =0 B
B, + B T S k- [, NN
Phosphaorylation TV — TF 2 T LT ple—=| TF ﬁl T B
I + YU TU 4 yF ¥E oy 3 L | TR=—| T, ,
I, + B — 1+ 8™ B — B = A \ )
- T:lllji |T-'H|R':' T-}-I = ?;_I-Er
e el | i
Summary Detailed reactions

Conditions for perfect adaptation:

1
2
3.
4.
5
6
7

Ligand binding is very fast.

Ligand binding d.n. change dissociation rates of TR and TB.

Association rates of T and R,B are linear functions of receptor activity level.
Activity of maximally methylated and unmethylated receptor d.n. depend on ligand.
Ratios of R to B catalytic rates are the same for all methylated levels.

Phosphate transfer rates from A to B and Y are ~ autophosphorylation rate.

Ratios of total R and B concentrations to their respective catalytic rates

are the same.

This is an excellent example what a mathematician can do. Still have to know biology.



Question of gain:  gain=(Af/ f)/(As/swhere fis the tumbling frequency and

s 1s the ligand concentration (signal). There was long standing controversy about
what is gain in chemotaxis. The concensus now is that it is ~ 10-100. (How it was
measured — attention to Materials and Methods.) This is surprisingly high (molecule
to molecule signal). The cell can sense increase in just one occupied receptor out of
10,000! Recently, it became clear that the amplification is not on the CheY-motor
level, and most likely not CheA to CheY step (‘front-end’). So, either receptor itself,
or CheA, or both. Also, CheB and CheB-P are essential.

gain =

AS AS . T AS AS
r-=-==-=====-- !' __________ !' __________ r—--=-=-====-=- ':
Tan ; Ched | Lhayp I
| I |
i | ORI |
3 i | !
i : w ialCeE l
B5p | | hambikes :
e ; : :
| | I
- | ‘ |
L] ' 4 ! ¥ 1
asp-Tar Chadp | ChaY CheZ |
1 1 1 |



Chutpaut

Threshold Figure 1. A typical input—output curve foran
amplifying system. When the steady state mput
i21) 15 close to the threshold, a small stimulus
(black armow ) leads to a large response.
& Adaptation {open arrow ) resets the input back to
o the vicimity of the threshold and maintains the
= E ability to respond to further stimuli. When the
] steady state is away from the threshold (=4 ) the
= . ability to respond to small signals is severely
reduced. Amplification generally relies on “fine
tuning’: the bioc hemical parameters must be
= care fully adjusted so that the steady state
Amoli maintained by the adaptation process lies at the
5 Amplifier _ e
2 Input. s threshold of the amplifier.
put,
Figure 1. Two-state model exhibiting robust adaptation and
amplification. A receptor £ is modified by enzyme R, which
works at saturation. The modified receptor underzoes transitions
between active and inactive states, dennted by E';n and F.,,
respectively, with transition rates o that depends on the mput
Input e - level £. E7, . but not Eyy, is the substrate for enzyme B which
i ligand) "-m‘.__“—; = = Chutput catalyses the reverse modification reaction. An inhibitor I binds
e strongly to the active receptor £ . The complex {E; T} cannot
l‘ transmmit an output signal. It dissociates with a rate 2, releasing an
inactive receptor. There are three time scales in the system.
{Ewl} Modification reactions are slow, transition between active and

inactive receptors are intermediate, while the binding of inhibitor
s fast.
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a(s(t))
i) (n0 \\
methylated,IA
nactive) A(t A*(t
a’M A:ﬂ,M:m(l+d /r)z
m+(dA—aM )+ ﬁA "] r a ra
dr A—AA a—Aa
dA a—a—Aa = )
E:—rA+(aM—dA)—[k1A—k2A*} M+AM  d *
iy A—AA+M+AM:A+Mzﬁ£1+d—jzconst,
y =|kd—kA - B4’ ] ri a
t . [AA/(m/r)] d /a
gain = ~ _
A ~ k A d*:d+ﬂ Aala 1+(d /a)
k+p k,+p
M , How do you present the model. Do you start with
" T (d A-aM ) abstract idea and then look for facts supporting it?
dA

Ez—rAJr(aM—d*A)



Model in which active receptors induce activity
in the neighboring receptors, as in Ising model.
The average radius of the activity spread has to
be large enough to have amplification effect,
but not large enough to ‘jam’ the sensitivity to
future changes.

Chemotaxis is the
example of the

R . phenomenon about to be
B understood completely.

r+r+..+r+Ro R,

b Chemoaotactic stimulus

‘ Tsr receptor

E Plasma membrane
E

@

o

5

o Methylation sites
S

IS}

[«8

]

=

<

. CheA-CheW

}

Intracellular signal



