


Following earlier in silico work (Tuttle et al, 2005; Salis and Kaznessis, 2006; Salis et al, 
2006; Sotiropoulos and Kaznessis, 2007) we model all known biomolecular events involved in 
expression and regulation and we initially adopt a partition function based approach similar to 
that described by Arkin and coworkers (1998) and Shea and Ackers, (1985) to evaluate the 
feasibility of the proposed study.  An equilibrium model incorporates all individual molecular 
species and interactions known to be involved in the synthetic transcriptional regulatory system, 
closely mimicking the endogenous environment. The probability of various potential promoter 
states is assessed, ultimately providing the probability of the system being in a transcriptionally-
ready state, Pinit.  Total output fluorescence can then be modeled as φPinit + χ where Pinit accounts 
exclusively for the model’s AND-gate behavior.  Parameter χ represents background 
fluorescence and φ is an inducer-independent linear scaling factor dependent on the rates of 
transcription, translation, and degradation. Salient characteristics regarded as model strengths are 
that it accurately captures experimental data and provides a quantitative rationale for improved 
circuit behavior based on RNAp-repressor thermodynamics. The initial round of modeling based 
on literature thermodynamic parameters indicated that excellent AND gate behavior should be 
achievable with a synthetic hybrid lac-tet promoter. When the partition function describing the 
promoter is applied to a kinetic-stochastic model of transcription and translation, it faithfully 
portrays the experimentally observed distribution of GFP expression and the dynamic rise of 
fluorescence to a steady-state.  
  
Figure 1 demonstrates that the integration of computational and experimental molecular biology 
can rationalize the synthesis of novel biological functionalities. We have constructed a high 
fidelity, bio-logical AND gate from a unique, simple, synthetic hybrid promoter module.  
 

 
 
 



Figure 1- Comprehensive overview of the synthetic hybrid bio-logical AND gates. 
Architecture (LTT:1a, TLT:1b, TTL:1c), experimental outcome (LTT:1d, TLT:1e, TTL:1f) and 
corresponding model predictions (LTT:1g, TLT:1h TTL:1i). 1a-c, promoter topology is varied by shifting 
lacO position from upstream of -35 to downstream of -10hexamer respectively. The lacO and tetO 
represent the binding sites for LacI and TetR. 1d-f, surface plots represent the mean of gfp fluorescence 
influenced by the grid of inducers concentrations (aTc, 0-200ng/ml; IPTG, 0-2mM); excellent agreement 
between the experimental results and model predictions. Presence of both inducers controlled gfp 
expression in a dose-dependant manner saturating at high concentrations. Notably induction thresholds in 
the presence of aTc and IPTG absent appeared to be a function of lacO location.  The TTL promoter 
showed the best transcriptional regulation and AND gate phenotype of the 3 designs. The reduced GFP 
signal observed in the TTL operon’s fully-induced states is possibly due to diminished promoter clearance 
by RNAp upon placement of lacO downstream of -10hexamer. 
 
References 
Atkinson MR, Savageau MA, Myers JT, Ninfa AJ (2003) Development of genetic circuitry 
exhibiting toggle switch or oscillatory behavior in Escherichia coli. Cell 113: 597-607. 
Becskei A, Serrano L (2000) Engineering stability in gene networks by autoregulation. Nature 
405: 590-593. 
Elowitz MB, Leibler S (2000) A synthetic oscillatory network of transcriptional regulators. 
Nature 403: 335-338. 
Gardner TS, Cantor CR, Collins JJ (2000) Construction of a genetic toggle switch in Escherichia 
coli. Nature 403: 339-342. 
Guet CC, Elowitz MB, Hsing W, Leibler S (2002) Combinatorial synthesis of genetic networks. 
Science 296: 1466-1470. 
Hasty J, McMillen D, Collins JJ (2002) Engineered gene circuits. Nature 420: 224-230. 
Kobayashi H, Kaern M, Araki M, Chung K, Gardner TS, Cantor CR, Collins JJ (2004) 
Programmable cells: interfacing natural and engineered gene networks. Proc Natl Acad Sci U S 
A 101: 8414-8419. 
Kramer BP, Viretta AU, Daoud-El-Baba M, Aubel D, Weber W, Fussenegger M (2004) An 
engineered epigenetic transgene switch in mammalian cells. Nat Biotechnol 22: 867-870. 
Salis H, Kaznessis Y (2005a) Accurate Hybrid Stochastic Simulation of a System of Coupled 
Chemical or Biochemical Reactions, J. Chem. Phys. 122:054103.  
Salis H, Kaznessis Y (2005b)Numerical simulation of stochastic gene circuits, Computers & 
Chemical Engineering, 29:577-588. 
Salis H, Kaznessis Y (2005c) An equation-free probabilistic steady state approximation: 
Dynamic application to the stochastic simulation of biochemical reaction networks, J. Chem. 
Phys. 123,214106. 
Salis H, Kaznessis Y. (2006) Computer-aided design of modular protein devices: Boolean AND 
gene activation. Phys Biol. 3:295-310.  
Salis H, Sotiropoulos V, Kaznessis Y (2006) Multiscale Hy3S: Hybrid Stochastic Simulations 
for Supercomputers”, BMC Bioinformatics, 7:93. 
Sotiropoulos V.  Kaznessis Y (2007)  Synthetic tetracycline-inducible regulatory networks: 
computer-aided design of dynamic phenotypes  BMC Systems Biology, 1:7 
Tuttle L, Salis H, Tomshine J, Kaznessis YN (2005) Model-Driven Designs of an Oscillating 
Gene Network. Biophys J. 89:3873-83. 
 
 


