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Oscillator Circuits
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Oscillator Circuits
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Oscillator Circults
Excitable, Noise Driven Oscillator

An excitable gene regulatory circuit induces
transient cellular differentiation

Giirol M. Siiel’, Jordi Garcia-Ojalvo®, Louisa M. Liberman' & Michael B. Elowitz'

Certain types of cellular differentiation are probabilistic and
transient’. In such systems individoal cells can switch to an Vol MD'H fMarch ll::ll:}ﬁ-ldniﬂﬂﬂﬂﬂﬂfnatul-&ﬂﬂﬁﬂﬁ
alternative state and, after some time, switch back again. In

Bacillus subtilis, competence is an example of such a transiently 545

differentiated state associated with the capability for DNA uptake p

from the environment. Individual genes and proteins underlying

differentiation into the competent state have beenidentified*”, but o~

it has been unclear how these genes interact dynamically in b (ClpP LCIpC

individual cells to control both spontaneous entry into compe- MecA

tence and retum to vegetative growth. Here we show that this I
behaviour can be understood in terms of excitability in the
underlying genetic circuit. Using quantitative fluorescence time-

lapse microscopy, we directly observed the activities of multiple [ﬂ] (Coms
circuit components simultaneously in individual cells, and ana- '

lysed the resulting data in terms of a mathematical model. We find -

that an excitable core module containing positive and negative 1] [coms
feedback loops can explain both entry into, and exit from, the Feam Peams
competent state. We further tested this model by analysing N

initiation in sister cells, and by re-engineering the gene circuil

to specifically block exit. Excitable dynamics driven by noise | [

. . &
naturally generate stochastic and transient responses”, thereby
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providing an ideal mechanism for competence regulation.



Oscillator Circuits

Excitable, Noise Driven Oscillator

dP1/dt = 0.004 + 0.08*P1/2/(0.2°2+P1"QP1/(1+P1+P2)

dP2/dt = 0.8/(1+(P1/0.222)"5)P2/(1+P1+P2)
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Multiple Negative Feedback Loops
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1. Stable point

2. Saddle point

P2

Oscillator Circuits ﬁﬁ
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Circuits

Behaviors Designs

1. Memory less switches 1. Negative Feedback
2. BistableSwitches/Toggle 2. Positive Feedback

3. Oscillators 3. NegativeFeedforward
4. Noise Filters 4. PositiveFeedforward
5. Robustness 5. Cooperativity

6. Response Acceleration

7. Logical Decisions

8. Signal Amplifiers

9. Pulse Generators

10. Event Sequencing
11.X X ®
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Logic Circuits
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All gates can be derived from the NAND Gate.
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OR/NOR/XOR/NXOR/NOT can be Made
from Combinations NAND Gates
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Flip-Flop (Latch)

Flip-Flop

A T] /P1—»
\

B_l__ > P2—

Flipflops can be made either from NAND or NOR gates.
In synthetic biology it is probably easier to construct
OR like gates than AND gates.

In addition an OR based #ffop is quiescent when both
inputs are low, meaning low protein levels. Latching occur:
when one or othze(:)ggof the inputs is brought to a highl§tate.
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A| B | NOR
11 0
0|1 0
1/0 0
0 O 1

Toggle A to reset P1
Toggle Btoset P1

o A— |

Copyright (c) 2008

21




OR

NAND

g a "'Po\
()] o
- X -1 93_°®\ " anp
AND - e e 92
C ey
@A NAND
ey gi-—-Ga
— P Ops Ogs

o e wm
Ony Ogy

AP
. / 6.
" %0R
- A 1000
S Qﬂ O ; 100
OAl Py 081 10 o 10 [B]
)

b (A OR B) AND (A AND B)

C (B AND A) OR (A AND B)

BEY Toail

On schemes of combinatorial transcription logic

Nicolas E. Buchler, Ulrich Gerland, and Terence Hwa*

Department of Physics and Center for Theoretical Bioloaical Physics. University of California at San Diego, La Jolla, CA 92093-0319

5136-5141 | PNAS | April 29,2003 | wvol. 100
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XOR Gate
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Feedforward Circuits
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Feedforward Circuits

Structure and function of the feed-forward loop
network motif

S. Mangan and U. Alon*
Departments of Molecular Cell Biology and Physics of Complex Systems, Weizmann Institute of Science, Rehovot 76100, Israel

Edited by Arnold ). Levine, Institute for Advanced Study, Princeton, NJ, and approved August 25, 2003 (received for review June 22, 2003)

Engineered systems are often built of recurring circuit modules
that carry out key functions. Transcription networks that regulate
the responses of living cells were recently found to obey similar
principles: they contain several biochemical wiring patterns,
termed network motifs, which recur throughout the network. One
of these motifsis the feed-forward loop (FFL). The FFL, athree-gene
pattern, is composed of two input transcription factors, one of
which regulates the other, both jointly regulating a target gene.
The FFL has eight possible structural types, because each of the
three interactions in the FFL can be activating or repressing. Here,
we theoretically analyze the functions of these eight structural
types. We find that four of the FFL types, termed incoherent FFLs,
act as sign-sensitive accelerators: they speed up the response time
of the target gene expression following stimulus steps in one
direction (e.g., off to on) but not in the other direction (on to off).
The other four types, coherent FFLs, act as sign-sensitive delays. We
find that some FFL types appear in transcription network databases
much more frequently than others. In some cases, the rare FFL
types have reduced functionality (responding to only one of their
two input stimuli), which may partially explain why they are
selected against. Additional features, such as pulse generation and
cooperativity, are discussed. This study defines the function of one
of the most significant recurring circuit elements in transcription
networks.
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