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Relative abundance of different FFL types in Yeast and E. coli. Data taken from
Manganet al. 2003.
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p = defn cell

$G1 - > S1; Vmax1*X^4/(Km1 + X^4); 

S1 - > $w; k1*S1;

$G2 - > S2; Vmax2*S1^4/(Km1 + S1^4);

S2 - > $w; k1*S2;

$G3 - > S3; Vmax3*S1^4*S2^4/(Km1 + S1^4*S2^4);

S3 - > $w; k1*S3; 

end;

p.Vmax1 = 1;

p.Vmax2 = 1;

p.Vmax3 = 1;

p.Km1 = 0.5;

p.X = 0;

p.k1 = 0.1;

p.S1 = 0;

p.S2 = 0;

p.S3 = 0;

p.ss.eval ;

println p.sv;
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// Pulse width

// Set to 1 for no effect

// Set to 2.4 for full effect

h = 2.4;

p.X = 0.3;

m1 = p.sim.eval (0, 10, 100, [< p.Time >, < p.X >, <p.S3>]);

p.X = 0.7; // Input stimulus

m2 = p.sim.eval (10, 10 + h, 100, [< p.Time >, < p.X >, <p.S3>]);

p.X = 0.3;

m3 = p.sim.eval (10 + h, 40, 100, [< p.Time >, < p.X >, <p.S3>]);

m = augr (m1, m2);

m = augr (m, m3);

graph (m);
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P1 in this model is a fixed species which is controlled
by the modeler. In the previous example, P1 was synthesized
from a gene and degraded and control was by a separate input
that modified the expression rate of P1. 

Delay

No Delay

TimeTime
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p = defn cell

$G2 - > P2; Vmax2*P1^4/(Km1 + P1^4);

P2 - > $w; k1*P2;

$G3 - > P3; Vmax3*P1^4*P2^4/(Km1 + P1^4*P2^4);

P3 - > $w; k1*P3; 

end;

p.Vmax2 = 1;

p.Vmax3 = 1;

p.Km1 = 0.5;

p.k1 = 0.1;

p.P1 = 0;

p.P2 = 0;

p.P3 = 0;

p.ss.eval ;

println p.sv;

// Pulse width

// Set to 1 for no effect

// Set to 4 for full effect

h = 1;

p.P1 = 0.3;

m1 = p.sim.eval (0, 10, 100, [< p.Time >, <p.P1>, <p.P3>]);

p.P1 = 0.7; // Input stimulus

m2 = p.sim.eval (10, 10 + h, 100, [< p.Time >, <p.P1>, <p.P3>]);

p.P1 = 0.3;

m3 = p.sim.eval (10 + h, 40, 100, [< p.Time >, <p.P1>, <p.P3>]);

m = augr (m1, m2);

m = augr (m, m3);

graph (m);
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OR GATE

Question: What behavior would 
you expect if the feed-forward 
network is governed by an OR 
gate? 
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P3 comes down even though P1 is still high !

I
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P3 comes down even though P1 is still high !

TIME

P1, P3

P1

P3

Pulses are not 
symmetric because 
the rise and fall 
times are not the 
same. 
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Pulses are symmetric 
because the rise and 
fall times are the same. 
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One potential 
problem, if the base 
line for P3 is not at 
zero, the off transition 
will result in an 
inverted pulse. Avoid 
this by arranging the 
base line of P3 to be at 
zero.

TIME

Inverted Pulse
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p = defn cell

$G1 - > P2; t1*a1*P1/(1 + A1*P1);

P2 - > $w; gamma_1*P2;

$G3 - > P3; t2*b1*P1/(1 + b1*P1 + b2*P2 + b3*P1*P2^8);

P3 - > $w; gamma_2*P3; 

end;

p.P2 = 0;

p.P3 = 0;

p.P1 = 0.01;

p.G3 = 0;

p.G1 = 0;

p.t1 = 5;

p.a1 = 0.1;

p.t2 = 1;

p.b1 = 1;

p.b2 = 0.1;

p.b3 = 10;

p.gamma_1 = 0.1;

p.gamma_2 = 0.1;

// Time course response for a step pulse

p.P1 = 0.0;

m1 = p.sim.eval (0, 10, 100, [< p.Time >, <p.P1>, <p.P3/1>]);

p.P1 = 0.4; // Input stimulus

m2 = p.sim.eval (10, 50, 200, [< p.Time >, <p.P1>, <p.P3/1>]);

m = augr (m1, m2);

graph (m);
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Circuit is off at low concentration, off at high concentrations
but comes on intermediate concentrations. Width of the peak
can be controlled by the cooperativity transcription binding.
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Take the pulse generator model and use this 
code to control it:

// Steady state response
n = 200;
m = matrix (n, 2);
for i = 1 to n do

begin
m[i,1] = p.P1;
m[i,2] = p.P3;
p.ss.eval;
p.P1 = p.P1 + 0.005; 
end;

graph (m);
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Making this stronger
makes the initial rise
go faster.

Then, bring the 
overshot down to the 
desired steady state 
with the repression 
feed-forward.

An Introduction to Systems 
Biology: Design Principles of 

Biological Circuits.
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Weak Feedback

Strong Feedback
+ strong input
promoter

Input, I
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1. Persistence detector. Does not 
respond to transient signals.

2. Rise time of P3 is delayed but P3 
fall time is not. 

1. Pulse generator

2. Concentration detector.

3. Response time accelerator.
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Single-input Module (SIM)

The  different thresholds can be 
achieved by assigning different Kms
to each expression rate law.

An Introduction to Systems 
Biology: Design Principles of 

Biological Circuits.
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Parallel Concentration Detecting Feed-Forward Networks

The kinetics can be arranged so that
each successive feed-forward loop 
peaks at a later time.

P3 rises first, followed by P5. 
ΧΧ
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Driven by a proton gradient.
Runs at approximately
6,000 to 17,000 rpm.  With the 
filament attaching rotation is 
slower at 200 to 1000 rpm

Can rotate in both directions.

Approximately 50 genes
involved in assembly of the
motor and control circuits.

http://www.youtube.com/watch?v=0N09BIEzDlI


