
 

In response to large variety of stimuli, mammalian NF-κB 

transcriptional factors (TFs) promote diversified series of genes 

expression. The unique DNA-binding properties of NF-κB 

dimers is a key signal integration step. To investigate these 

properties, we build a library of NF-κB binding DNA elements 

(κB sites) in a synthetic promoter and use flow cytometer to 

evaluate the transcriptional activity in yeast. We further 

characterize these dimer-specific promoters and then rebuild 

genetic circuits, such as logic gates etc. These study provides us 

new insight of how NF-κB dimerization act as regulatory 

function and become a powerful toolbox for synthetic biology 

practice.  

 

I. INTRODUCTION 

IVING cells regulate gene expression by well-designed 

gene circuits. After the process of upstream signal 

transduction pathway, the delicate interaction between DNA 

and TFs play an important role[1].  

Several modular tools, such as zinc finger [2], TALE 

(transcription activator-like effector) [3], and CRISPR [4] 

system have been used to regulate gene expression in synthetic 

biology. Their excellent orthogonality and few off-target rate 

make them a broad application prospect. 

In this paper, we use NF-κB natural and refabricated 

protein to control programed promoters. First, our TFs 

derived from nature, which will be true reflection of real gene 

regulation mechanism. Second, NF-κB family proteins can 

form homo- and hetero- dimers, which exhibit specific DNA 

binding properties. Third, we can program extended logics 

into transcriptional regulation through controlling NF-κBs’ 

dimerization process. 

II. RESULTS 

A. Rapid Identification of NF-kB dimer specific gene 

activation DNA elements in yeast 

Based on database [5] and results from high throughput 

technology [6], we build a library of 260 different NF-κB 

binding sites and insert them in front of minimal CYC1 

promoter. Then we transform all the plasmids into 11 kinds of 

yeast with different combination of NF-κB proteins. 
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The sequence specificity of NF-κB dimers is obvious, 

which helps us to rediscover the specificity of NF-κB dimers. 

We also have got powerful toolbox and orthogonal pairs for 

synthetic genetic circuits. Well-conserved sequence motifs are 

shown for those dimers. 

B. Programmable gene regulation with rational designed 

synthetic promoters and refabricated NF-kB proteins. 

Combining NF-κB proteins with 18 other co-factors, such 

as med6 and hda3, the properties of natural NF-κB proteins 

are widened. A quicker repressor is born, which will 

dynamically change the regulation of downstream genes.  

Systematically engineering NF-κB binding position makes 

promoters, such as ADH1 and CYC1, have different basal 

expression and fold of activation and repression, which 

provide us an abundant source of material. 

C. Synthetic devises and logic gates coded by NF-kB 

protein dimerization 

Through changing different kinetic κB sites, we build 

different self-activation and inhibition curves, which will fit 

well with computation models. Taking use of the dimerization 

process of NF-κB protein, we have rebuilt almost all the logic 

gates with a single promoter, which is simpler and more 

modularized. 

III. CONCLUSION 

The ability to manipulate gene regulation is the most 

fundamental business in genetic engineering. Here, we 

rigorously measure the specificity of eukaryotic TF, NF-κB. 

We find that properties of TFs and promoters can be 

fine-tuned. Beyond these, with the dimerization process of 

NF-κB proteins, we simply rebuild useful synthetic devises. 
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