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energy-oriented modelling/programming

- more structured approach

• as in structured programming

• esp. well suited for combinatorial molecular 
network for which: 

• no structure means no analysis possible ...

- more physically realistic

- less parameter-hungry

energy as syntax
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example: an allosteric 
Ising model

[Science - Feb 5 2010]
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http://www.sciencemag.org/cgi/content/full/327/5966/685
http://www.sciencemag.org/cgi/content/full/327/5966/685
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Recent technical advances have allowed us to
observe these signatures of conformational spread.
We investigated motor switching using back-
focal-plane interferometry of polystyrene beads
attached to truncated flagella of E. coli (21–23),
with ~1° angular resolution and ~1 ms time
resolution, limited by the mechanical relaxation
of beads attached by the elastic flagellar hook (22).
Single motors with a steady bead trajectory were
recorded for 30 s to minimize photo damage and
sensitivity to slow fluctuations in bias (24), and
then were categorized by bias (20, 22). Angles
and radii of the bead trajectory were obtained by
fitting an ellipse to the trajectory, and then con-
verted to instantaneous motor speed (22).

Median filtered motor speed records show
complete switching between CW and CCW
states and incomplete switching to speed levels
in between (Fig. 2A, left panel). The multistate
nature of the record renders traditional zero-
crossing analyses of motor switching (18, 20)
inadequate. Instead, we defined complete
switches by sequential crossing of two thresh-
olds, set at two-thirds of the mean CWand CCW
speeds (Fig. 2A, right panel). A typical switch
event is displayed in detail in Fig. 2B. Filtering,
which is required to show the CW and CCW
speeds clearly, extends the apparent duration of
a switch (Fig. 2B, left panel), but its finite
duration is evident in the unfiltered data (Fig.
2B, center and right panels). Switches were
observed with a broad range of durations
across the population (Fig. 2, B to D) and
within each cell record (see fig. S2 for an
example set). Some switches require more than
one revolution for completion, and not all
switches vary in speed monotonically through
the event. For example, the switch in Fig. 2D

Fig. 1. Structure and conformational spread model of the
bacterial flagellar switch. (A) Schematic of the E. coli bacterial
flagellar motor. Indicated are the likely positions of switch
complex proteins FliG (~26 copies), FliM (~34 copies), and FliN
(~136 copies) and the torque-generating stator units MotA4MotB2
(~10 copies, orange) (9). Structural studies indicate that con-
formational changes in FliM upon binding of the signaling
molecule CheY-P are coupled indirectly to conformational
changes in the FliG track, which interfaces with the torque-
generating units to determine rotation direction (21, 34–36).
We consider the switch complex to be a ring of 34 identical
protomers, each consisting of ~1 FliG, 1 FliM, and a tetramer of
FliN subunits. Each protomer possesses a single binding site to
which a CheY-P molecule can be bound (B) or not bound (b) and
has two conformations, active (A, corresponding to CW rotation)
or inactive (a, CCW). (B) A free-energy diagram of the four states
of a protomer and the transitions between them, for the case of
CW bias = 0.5. For simplicity, we consider the symmetrical case
where the magnitude of the free-energy difference between
favored and unfavored states (EA) is the same with or without
CheY-P (black circle) bound. (C) Interactions between adjacent protomers
favor pairs with the same conformation. We assume that the free energy of
interaction is lower by EJ for any like pair compared to any unlike pair,
independent of CheY-P binding. These interactions add 0, +2EJ or –2EJ to the
free energy of a conformational change, depending on the state of adjacent
protomers. (D) Above a critical value of EJ the ring spends themajority of time in
a coherent state, occasionally stochastically switching between CCW and CW

configurations. Switches typically occur by a single nucleation of a new domain,
followed by conformational spread of the domain, which follows a biased
random walk until it either encompasses the entire ring or collapses back to the
previous coherent state (Movie S1). The model behaves like the classical
sequential model in the limit of large EA (absolute coupling between binding
and conformation) and like the classical concerted model in the limit of large EJ
(absolute coupling between subunit conformations).

Fig. 2. Experimental evidence
of conformational spread. (A)
(Left) Three seconds of a typical
motor speed record, median
filtered (100 points) to reduce
noise (for the full record, see fig.
S1). Complete and incomplete
switches are evident. (Right)
The motor speed histogram for
the full 30-s record. Because
the peak shape is asymmetrically
affected by incomplete switching,
Gaussian curves were fitted to
the outside portion of the histo-
gram peaks to obtain mean
speeds mCCW and mCW (22).
Thresholds for the identification
of complete switches were set at
aCCW = a mCCW and aCW = a
mCW, with a = 2/3. (B) (Left)
Median filtered speed trace
showing a typical complete
switch. (Center) The same switch
shown as unfiltered bead angle
versus time. Scale bars show 0.5
revolutions and 10 ms. The
switch comprises a linear region
corresponding to smooth CCW
rotation, followed by a central
region corresponding to decel-
eration, reversal, and acceleration in the opposite direction, and finally another linear region corresponding
to smooth CW rotation. The duration of the switch (20.8 ms, in red) was calculated as the interval during
which the slope of the angle trace was statistically significantly different from that of the CW and CCW states
in the whole 30-s motor trace (22). The inset shows the unfiltered bead trajectory (x, y) for the same switch.
All insets show a range of 400 nm in x and y bead position. (Right) The same data as the inset in (B), center,
shown as unfiltered bead position versus time (x in blue, y in green, switch in red). Sinusoidal sections of the
trace correspond to smooth rotation; the sign of the phase shift between x and y indicates the direction of
rotation. (C to E) Other typical switch events, plotted as in (B). (C) A fast switch of duration 1.4 ms. (D) A slow
switch of duration 78.4 ms, taking almost one revolution to complete and demonstrating nonmonotonic
speed variation. (E) An incomplete switch leading to transient reversal of rotation.
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Monday, 29 November 2010



an allosteric Ising model

an allosteric model of the E. Coli flagellar 
switch (with ANC-style energy)

- a ring of 2-state protomers P(f): 
[favoured] f=0=inactive (counter clockwise)

[disfavoured] f=1=active (clockwise) 

- potential bindees CheY that favour f=1

Monday, 29 November 2010
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combinatorics & nn

CheY(s~p) might bind any P, which means 
an astonishing ~ 1020 different 
configurations (that is the number of 
species one would need in a species-
centric approach) 

we are going to write the Hamiltonian/
energy of the system - a sum of 3 
different contributions

all terms are nn=nearest neighbour
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Energy landscaping - i

a P conformational term whereby it is 
said that P prefers conformation 0

E(P(f~0)) < E(P(f~1))

convention: lower energy = more 
favoured

Monday, 29 November 2010



Energy landscaping - ii

a CheY-P binding term whereby we say 
that if bound to pho’ed CheY, P prefers 
conformation 1

E(P(f~0,s!1),CheY(s~p!1)) > 

E(P(f~1,s!1),CheY(s~p!1))

nb: this term overlaps with the first 
one E(P((f~0/1)))
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Energy landscaping - iii

an Ising penalty term for n.-neighbours 
not being in the same conformation 
which will "spread conformation"

E(P(f~1,x!1),P(y!1,f~0)) = 

E(P(f~0,x!1),P(y!1,f~1)) >

E(P(f~0,x!1),P(y!1,f~0)) = 

E(P(f~1,x!1),P(y!1,f~1))
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dynamics

- we write rules in a way that the model is 
thermodynamically correct by construction

- we use perturbations to control the 
amount of CheY-P flipping the entire ring 
back and forth from all-0 to all-1

Recent technical advances have allowed us to
observe these signatures of conformational spread.
We investigated motor switching using back-
focal-plane interferometry of polystyrene beads
attached to truncated flagella of E. coli (21–23),
with ~1° angular resolution and ~1 ms time
resolution, limited by the mechanical relaxation
of beads attached by the elastic flagellar hook (22).
Single motors with a steady bead trajectory were
recorded for 30 s to minimize photo damage and
sensitivity to slow fluctuations in bias (24), and
then were categorized by bias (20, 22). Angles
and radii of the bead trajectory were obtained by
fitting an ellipse to the trajectory, and then con-
verted to instantaneous motor speed (22).

Median filtered motor speed records show
complete switching between CW and CCW
states and incomplete switching to speed levels
in between (Fig. 2A, left panel). The multistate
nature of the record renders traditional zero-
crossing analyses of motor switching (18, 20)
inadequate. Instead, we defined complete
switches by sequential crossing of two thresh-
olds, set at two-thirds of the mean CWand CCW
speeds (Fig. 2A, right panel). A typical switch
event is displayed in detail in Fig. 2B. Filtering,
which is required to show the CW and CCW
speeds clearly, extends the apparent duration of
a switch (Fig. 2B, left panel), but its finite
duration is evident in the unfiltered data (Fig.
2B, center and right panels). Switches were
observed with a broad range of durations
across the population (Fig. 2, B to D) and
within each cell record (see fig. S2 for an
example set). Some switches require more than
one revolution for completion, and not all
switches vary in speed monotonically through
the event. For example, the switch in Fig. 2D

Fig. 1. Structure and conformational spread model of the
bacterial flagellar switch. (A) Schematic of the E. coli bacterial
flagellar motor. Indicated are the likely positions of switch
complex proteins FliG (~26 copies), FliM (~34 copies), and FliN
(~136 copies) and the torque-generating stator units MotA4MotB2
(~10 copies, orange) (9). Structural studies indicate that con-
formational changes in FliM upon binding of the signaling
molecule CheY-P are coupled indirectly to conformational
changes in the FliG track, which interfaces with the torque-
generating units to determine rotation direction (21, 34–36).
We consider the switch complex to be a ring of 34 identical
protomers, each consisting of ~1 FliG, 1 FliM, and a tetramer of
FliN subunits. Each protomer possesses a single binding site to
which a CheY-P molecule can be bound (B) or not bound (b) and
has two conformations, active (A, corresponding to CW rotation)
or inactive (a, CCW). (B) A free-energy diagram of the four states
of a protomer and the transitions between them, for the case of
CW bias = 0.5. For simplicity, we consider the symmetrical case
where the magnitude of the free-energy difference between
favored and unfavored states (EA) is the same with or without
CheY-P (black circle) bound. (C) Interactions between adjacent protomers
favor pairs with the same conformation. We assume that the free energy of
interaction is lower by EJ for any like pair compared to any unlike pair,
independent of CheY-P binding. These interactions add 0, +2EJ or –2EJ to the
free energy of a conformational change, depending on the state of adjacent
protomers. (D) Above a critical value of EJ the ring spends themajority of time in
a coherent state, occasionally stochastically switching between CCW and CW

configurations. Switches typically occur by a single nucleation of a new domain,
followed by conformational spread of the domain, which follows a biased
random walk until it either encompasses the entire ring or collapses back to the
previous coherent state (Movie S1). The model behaves like the classical
sequential model in the limit of large EA (absolute coupling between binding
and conformation) and like the classical concerted model in the limit of large EJ
(absolute coupling between subunit conformations).

Fig. 2. Experimental evidence
of conformational spread. (A)
(Left) Three seconds of a typical
motor speed record, median
filtered (100 points) to reduce
noise (for the full record, see fig.
S1). Complete and incomplete
switches are evident. (Right)
The motor speed histogram for
the full 30-s record. Because
the peak shape is asymmetrically
affected by incomplete switching,
Gaussian curves were fitted to
the outside portion of the histo-
gram peaks to obtain mean
speeds mCCW and mCW (22).
Thresholds for the identification
of complete switches were set at
aCCW = a mCCW and aCW = a
mCW, with a = 2/3. (B) (Left)
Median filtered speed trace
showing a typical complete
switch. (Center) The same switch
shown as unfiltered bead angle
versus time. Scale bars show 0.5
revolutions and 10 ms. The
switch comprises a linear region
corresponding to smooth CCW
rotation, followed by a central
region corresponding to decel-
eration, reversal, and acceleration in the opposite direction, and finally another linear region corresponding
to smooth CW rotation. The duration of the switch (20.8 ms, in red) was calculated as the interval during
which the slope of the angle trace was statistically significantly different from that of the CW and CCW states
in the whole 30-s motor trace (22). The inset shows the unfiltered bead trajectory (x, y) for the same switch.
All insets show a range of 400 nm in x and y bead position. (Right) The same data as the inset in (B), center,
shown as unfiltered bead position versus time (x in blue, y in green, switch in red). Sinusoidal sections of the
trace correspond to smooth rotation; the sign of the phase shift between x and y indicates the direction of
rotation. (C to E) Other typical switch events, plotted as in (B). (C) A fast switch of duration 1.4 ms. (D) A slow
switch of duration 78.4 ms, taking almost one revolution to complete and demonstrating nonmonotonic
speed variation. (E) An incomplete switch leading to transient reversal of rotation.
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Recent technical advances have allowed us to
observe these signatures of conformational spread.
We investigated motor switching using back-
focal-plane interferometry of polystyrene beads
attached to truncated flagella of E. coli (21–23),
with ~1° angular resolution and ~1 ms time
resolution, limited by the mechanical relaxation
of beads attached by the elastic flagellar hook (22).
Single motors with a steady bead trajectory were
recorded for 30 s to minimize photo damage and
sensitivity to slow fluctuations in bias (24), and
then were categorized by bias (20, 22). Angles
and radii of the bead trajectory were obtained by
fitting an ellipse to the trajectory, and then con-
verted to instantaneous motor speed (22).

Median filtered motor speed records show
complete switching between CW and CCW
states and incomplete switching to speed levels
in between (Fig. 2A, left panel). The multistate
nature of the record renders traditional zero-
crossing analyses of motor switching (18, 20)
inadequate. Instead, we defined complete
switches by sequential crossing of two thresh-
olds, set at two-thirds of the mean CWand CCW
speeds (Fig. 2A, right panel). A typical switch
event is displayed in detail in Fig. 2B. Filtering,
which is required to show the CW and CCW
speeds clearly, extends the apparent duration of
a switch (Fig. 2B, left panel), but its finite
duration is evident in the unfiltered data (Fig.
2B, center and right panels). Switches were
observed with a broad range of durations
across the population (Fig. 2, B to D) and
within each cell record (see fig. S2 for an
example set). Some switches require more than
one revolution for completion, and not all
switches vary in speed monotonically through
the event. For example, the switch in Fig. 2D

Fig. 1. Structure and conformational spread model of the
bacterial flagellar switch. (A) Schematic of the E. coli bacterial
flagellar motor. Indicated are the likely positions of switch
complex proteins FliG (~26 copies), FliM (~34 copies), and FliN
(~136 copies) and the torque-generating stator units MotA4MotB2
(~10 copies, orange) (9). Structural studies indicate that con-
formational changes in FliM upon binding of the signaling
molecule CheY-P are coupled indirectly to conformational
changes in the FliG track, which interfaces with the torque-
generating units to determine rotation direction (21, 34–36).
We consider the switch complex to be a ring of 34 identical
protomers, each consisting of ~1 FliG, 1 FliM, and a tetramer of
FliN subunits. Each protomer possesses a single binding site to
which a CheY-P molecule can be bound (B) or not bound (b) and
has two conformations, active (A, corresponding to CW rotation)
or inactive (a, CCW). (B) A free-energy diagram of the four states
of a protomer and the transitions between them, for the case of
CW bias = 0.5. For simplicity, we consider the symmetrical case
where the magnitude of the free-energy difference between
favored and unfavored states (EA) is the same with or without
CheY-P (black circle) bound. (C) Interactions between adjacent protomers
favor pairs with the same conformation. We assume that the free energy of
interaction is lower by EJ for any like pair compared to any unlike pair,
independent of CheY-P binding. These interactions add 0, +2EJ or –2EJ to the
free energy of a conformational change, depending on the state of adjacent
protomers. (D) Above a critical value of EJ the ring spends themajority of time in
a coherent state, occasionally stochastically switching between CCW and CW

configurations. Switches typically occur by a single nucleation of a new domain,
followed by conformational spread of the domain, which follows a biased
random walk until it either encompasses the entire ring or collapses back to the
previous coherent state (Movie S1). The model behaves like the classical
sequential model in the limit of large EA (absolute coupling between binding
and conformation) and like the classical concerted model in the limit of large EJ
(absolute coupling between subunit conformations).

Fig. 2. Experimental evidence
of conformational spread. (A)
(Left) Three seconds of a typical
motor speed record, median
filtered (100 points) to reduce
noise (for the full record, see fig.
S1). Complete and incomplete
switches are evident. (Right)
The motor speed histogram for
the full 30-s record. Because
the peak shape is asymmetrically
affected by incomplete switching,
Gaussian curves were fitted to
the outside portion of the histo-
gram peaks to obtain mean
speeds mCCW and mCW (22).
Thresholds for the identification
of complete switches were set at
aCCW = a mCCW and aCW = a
mCW, with a = 2/3. (B) (Left)
Median filtered speed trace
showing a typical complete
switch. (Center) The same switch
shown as unfiltered bead angle
versus time. Scale bars show 0.5
revolutions and 10 ms. The
switch comprises a linear region
corresponding to smooth CCW
rotation, followed by a central
region corresponding to decel-
eration, reversal, and acceleration in the opposite direction, and finally another linear region corresponding
to smooth CW rotation. The duration of the switch (20.8 ms, in red) was calculated as the interval during
which the slope of the angle trace was statistically significantly different from that of the CW and CCW states
in the whole 30-s motor trace (22). The inset shows the unfiltered bead trajectory (x, y) for the same switch.
All insets show a range of 400 nm in x and y bead position. (Right) The same data as the inset in (B), center,
shown as unfiltered bead position versus time (x in blue, y in green, switch in red). Sinusoidal sections of the
trace correspond to smooth rotation; the sign of the phase shift between x and y indicates the direction of
rotation. (C to E) Other typical switch events, plotted as in (B). (C) A fast switch of duration 1.4 ms. (D) A slow
switch of duration 78.4 ms, taking almost one revolution to complete and demonstrating nonmonotonic
speed variation. (E) An incomplete switch leading to transient reversal of rotation.
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# 10 reversible rules

## 2 binds

### P-CheY binding: CheY needs to be pho'ed & prefers conformation P(f~1) by a factor of 10

'bind 0' P(f~0,s), CheY(s~p) <-> P(f~0,s!1), CheY(s~p!1)@1,10

'bind 1' P(f~1,s), CheY(s~p) <-> P(f~1,s!1), CheY(s~p!1)@1,1

## 8 flips (aka conformational change)

### 4 P flips without CheY - note that P(f~0) is favoured 2/1

'flip 000' P(f~0,y!1),P(x!1,f~0,y!2,s),P(x!2,f~0) <-> P(f~0,y!1),P(x!1,f~1,y!2,s),P(x!2,f~0)@1,200

'flip 100' P(f~1,y!1),P(x!1,f~0,y!2,s),P(x!2,f~0) <-> P(f~1,y!1),P(x!1,f~1,y!2,s),P(x!2,f~0)@1,2

'flip 001' P(f~0,y!1),P(x!1,f~0,y!2,s),P(x!2,f~1) <-> P(f~0,y!1),P(x!1,f~1,y!2,s),P(x!2,f~1)@1,2

'flip 101' P(f~1,y!1),P(x!1,f~0,y!2,s),P(x!2,f~1) <-> P(f~1,y!1),P(x!1,f~1,y!2,s),P(x!2,f~1)@100,2

### 4 P flips with CheY - note that all forwards are multiplied by 10 (one simple way to satisfy the ANC

### thermodynamic constraint, aka the Wegscheider condition)

'flip 000b' P(f~0,y!1),P(x!1,f~0,y!2,s!_),P(x!2,f~0) <-> P(f~0,y!1),P(x!1,f~1,y!2,s!_),P(x!2,f~0)@10,200

'flip 100b' P(f~1,y!1),P(x!1,f~0,y!2,s!_),P(x!2,f~0) <-> P(f~1,y!1),P(x!1,f~1,y!2,s!_),P(x!2,f~0)@10,2

'flip 001b' P(f~0,y!1),P(x!1,f~0,y!2,s!_),P(x!2,f~1) <-> P(f~0,y!1),P(x!1,f~1,y!2,s!_),P(x!2,f~1)@10,2

'flip 101b' P(f~1,y!1),P(x!1,f~0,y!2,s!_),P(x!2,f~1) <-> P(f~1,y!1),P(x!1,f~1,y!2,s!_),P(x!2,f~1)@1000,2

dynamics ii - rules
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conformation spread

The lower curve - tracking the Ising energy 
of the ring stays low at all time 

- despite fraction of inactive P's ranging in 
[0,1] depending on nb of CheY-Ps

NB: a Duke, Bray, Le Novere model; does 
not need a regular and/or permanent 
lattice
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home run!

- more physically realistic: seems to fit 
really well in this case (see Ref)

- less parameter-frenzy: 

• 10 reversible rules

• 8 energy terms = 2 flips + (2+4) binds

• 16 independent choices of kinetic rates “time scales”

- more structured approach: shines!

- esp. well suited for combinatorial 
molecular networks: 1020!
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summary!
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- pick rules such that:
1. every rule r has an unambiguous energy balance wrt s in S (independent 
of the match) - expressed as a column vector Er

2. reversibility: every rule r has an inverse rule r-1 (supposing only simple 
bindings and mods - which implies atomic number is preserved)

3. simplicity: every jump is realised by a unique r with constant rate

- a contact map CM - think of it as a type for our configurations
- a set of patterns S (energy shapes) which defines H(x) for every state of 
type CM an occurrence vector in RS as H(x,s)=|[s;x]|
- a vector of shape “price” ka(s) in RS which defines h(x)=(ka,H(x)) - 
think of it as a set of local preferences for our microstates

Set k(r) st that log k(r-1)/k(r) = (ka,Er) (many solutions)

The obtained system converges to the invariant measure exp(-h
(x)) on X(x0) the component of the initial state
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example: simple 
allostery
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# Thermo correction forces relations between equilibrium constants
# K(flip 0 to 1 busy) =
# K(attach to A in state 1)*K(flip 0 to 1 free)*1/K(attach to A in 0) = 1/10

# flips                                                         -beta * Delta eps =
R(i~0,x)   <-> R(i~1,x)    @1,1    # 0
R(i~0,x!_) <-> R(i~1,x!_)  @1,10   # ln(1/10) = -ln(10) + 0 + 0

# binds
A(x),R(i~0,x) <-> A(x!1),R(i~0,x!1)  @10,1      # ln(10)
A(x),R(i~1,x) <-> A(x!1),R(i~1,x!1)  @1,1       # ln(1)=0

%init: 1000 * (B(), R(i~0,x))

# we observe the number of Rs in conformation 0
%obs: 'R0' R(i~0)
%obs: R(x!_)

# we activate the A's at T=10 time units to observe the difference
'inj' B() -> A(x) @0
%mod: $T > 10 do 'inj':= $INF

# energy(x) = sum eps-R(f) + sum eps-RA(f)
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example 2: Ising ring 
again
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a ring/3 shape classes

E

conformation space

E(    ) > E(    )
E

binding space

E(    ) > E(    )

E

neighbourhood space

E(        ) = E(        ) > 
E(        ) = E(        )

protomer

ring

cheY
cheY-p
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'flip 100b' 

P(f~1,y!1),P(x!1,f~0,y!2,s!_),P(x!2,f~0) <-> 

P(f~1,y!1),P(x!1,f~1,y!2,s!_),P(x!2,f~0)

return to an Ising flip

for r a flip  to have an unambiguous PP 
balance - we need r to include nearest 
neighbours (with their internal f state)
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# 10 reversible rules

## 2 binds

### P-CheY binding: CheY needs to be pho'ed & prefers conformation P(f~1) by a factor of 10

'bind 0' P(f~0,s), CheY(s~p) <-> P(f~0,s!1), CheY(s~p!1)@1,10

'bind 1' P(f~1,s), CheY(s~p) <-> P(f~1,s!1), CheY(s~p!1)@1,1

## 8 flips (aka conformational change)

### 4 P flips without CheY - note that P(f~0) is favoured 2/1

'flip 000' P(f~0,y!1),P(x!1,f~0,y!2,s),P(x!2,f~0) <-> P(f~0,y!1),P(x!1,f~1,y!2,s),P(x!2,f~0)@1,200

'flip 100' P(f~1,y!1),P(x!1,f~0,y!2,s),P(x!2,f~0) <-> P(f~1,y!1),P(x!1,f~1,y!2,s),P(x!2,f~0)@1,2

'flip 001' P(f~0,y!1),P(x!1,f~0,y!2,s),P(x!2,f~1) <-> P(f~0,y!1),P(x!1,f~1,y!2,s),P(x!2,f~1)@1,2

'flip 101' P(f~1,y!1),P(x!1,f~0,y!2,s),P(x!2,f~1) <-> P(f~1,y!1),P(x!1,f~1,y!2,s),P(x!2,f~1)@100,2

### 4 P flips with CheY - note that all forwards are multiplied by 10 (one simple way to satisfy the ANC

### thermodynamic constraint, aka the Wegscheider condition)

'flip 000b' P(f~0,y!1),P(x!1,f~0,y!2,s!_),P(x!2,f~0) <-> P(f~0,y!1),P(x!1,f~1,y!2,s!_),P(x!2,f~0)@10,200

'flip 100b' P(f~1,y!1),P(x!1,f~0,y!2,s!_),P(x!2,f~0) <-> P(f~1,y!1),P(x!1,f~1,y!2,s!_),P(x!2,f~0)@10,2

'flip 001b' P(f~0,y!1),P(x!1,f~0,y!2,s!_),P(x!2,f~1) <-> P(f~0,y!1),P(x!1,f~1,y!2,s!_),P(x!2,f~1)@10,2

'flip 101b' P(f~1,y!1),P(x!1,f~0,y!2,s!_),P(x!2,f~1) <-> P(f~1,y!1),P(x!1,f~1,y!2,s!_),P(x!2,f~1)@1000,2

dynamics ii - rules
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ANC shapes: nearest 
neighbours w internal 

states
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the ANC energy
Figure 2: 10000 events, N = 1000, all events shown, � = 0, the equilibrium is quite dense -

entropy favours a large number of edges.

The ANC energy:

�1(x) =
�

A∈x φ(A, f) +
�

A,f,x,y,g,B∈x β(A, f, x, y, g, B)

One sees there are two contributions, a node one and an edge one (the expression should look

symmetric on the description of the edge). Compatible with the ANC rules; refines the simple

basic flip, since a flip modifies the neighbouring edge contributions, and therefore these have to

be recorded in the lhs.

�1 looks like an activity, where the node contribution is the compound flip activity of A(f), and

the edge one is the dissoc activity -but not exactly; yet with this analogy the ∆�(r) is the change

in activities, so related to some update question?

It seems “wrong” in ref. [6]’s positional entropy concept. Consider:

r = A(b1), B(a1);−A, b, a, B

one can apply r two both the following complexes:

x = A(b1, c2), B(a1, c3), C(a2, b3)

x� = A(b1, c), B(a1, c3), C(a, b3)

with the same energy consumption ∆�(r), while the latter should be given an additional en-

tropy contribution since A detaches from the B, C complex. (This is related to the mono- and

bi-molecular instances; also check Eric’s argument on the NR polymerisation prevention pol-

icy.)

To correct this situation means to incorporate a higher level rate dependency which deals with

the disconnection. Similar to NR, SR constraints? What is a good class, which can we implement

scaleably? At the level of energies we need to introduce a connectedness correction:

�V (x) = �1(x) + p
�

S∈x 1

where p is the free positional energy, ie the cost of bringing a species somewhere. Now a disso-

ciation will have a different balance depending on whether it is an isthmus or not: in the latter

case it receives an additional p reward; thus, �V distinguishes between 2 ABC triangles and their

hexagon, and makes the latter less probable (because p > 0 roughly 15kcal/mol). One can refine

it to make it compatible as in Jean’s triangle example.

8

- ANC rules are bindings, and flips with 
bound nn (with internal states in both 
cases)  

- The Ising model is an ANC model
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eR parameter hunger

∂(r,s) := s-term balance for r

eg ∂(flip000b,Ising term) = +2

# of independent constraints on K(r)s is:

rank (∂(r,s)) r in R, s in S 

ANC system rank = #binds + #free flips 
whereas total#rules ~ 3<d>*rank
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