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• Complex folded-up shapes that:
– Fit together, stick, unstick.
– Excite/unexcite, warp each other.
– Bring together, catalyze, transform materials.
– Form complex aggregates and networks.

• Mapping out such networks:
– In principle, it’s “just” a very large set of chemical equations.
– Notations have been developed to summarize and abstract.
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“Phosphatase Kinase Kinase” =
a kinase that activates a kinase 
that activates a phosphatase 
that deactivates a protein.
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Figure 1. The phage   lysis-lysogeny decision circuit. (a) Bold 
horizontal lines indicate stretches of double-stranded DNA. 
Arrows over genes indicate direction of transcription. Dashed 
boxes enclose operator sites that comprise a promoter control 
complex. The three operator sites, OR1–3, of the "lambda 
switch" implement concentration-dependent logic controlling 
promoters PRM and PR. Cro and CI dimers bind to the three 
sites with different affinities and in opposite order to control
the activation level of the PRM and PR promoters (PTASHNE 
1992 ; SHEA and ACKERS 1985 ). The five boxes R1–R5 
contain nongenetic protein reaction subsystems. In R1, R2, 
and R5, "deg" indicates degradation. When protein N is 
available, transcribing RNAPs can be antiterminated at the 
NUTR and NUTL sites; termination sites TR1 and TL1 are 
inoperative for antiterminated RNAPs. The CI dimer acts as 
either a repressor or activator of promoter PRM, depending on 
its concentration. See text for discussion of the proteases 
labeled as P1 and P2 in R3 and R4. (b)   decision circuit DNA 
organization. Phage-encoded genetic elements of the decision 
circuit are located in a 5000 nucleotide region of the phage 
DNA. Genes are separated onto leftward and rightward 
transcribed strands as indicated by the arrows. Rightward 
extensions of the antiterminated PR transcript transcribe the O 
and P genes essential for phage genome replication and the 
Q gene that controls transcription of later genes on the lytic 
pathway. Leftward extension of the antiterminated PL 
transcript transcribes xis and int genes essential for phage 
chromosome integration and excision into and out of the host 
chromosome. Locations of four termination sites are indicated 
by TR1–2 and TL1–2. 
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