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DNA synthesis : Protein Engineering 

Kosuri and Church. Nat Meth, Vol 11(5), 2014 

protein engineering for optimization of: 

enzyme function 

antibody binding 

TFs in synthetic networks 
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Novel Design Cycle 
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Asymmetric Polymerase Extension (APE) 

streptavidin 

biotinylated oligo 

streptavidin-coated 

magnetic bead (1 μm) 



MITOMI 
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surface 
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microarray printing 
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Application: Synthetic Biology 

Cell, Vol 150(3), 2012 



C2H2 Zinc Finger Proteins 
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‘Canonical’ binding to target DNA strand 
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Day2: fusion PCR to linker-EGFP-6xHis template
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Zinc Finger Module 

Combinatorics 
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ZF Proteins rank-ordered by highest binding affinity

40

30

20

10

non-functional
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(58/64) 9.4%

Categories of 
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proteins 
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ZF Databases 
CoDA - Context Dependent Assembly 

Sander JD et al. Nat Meth Vol 8(1), 2011 

OPEN - Oligomerized Pool ENgineering 

Maeder ML et al. Mol Cell Vol 31(2), 2008 



ZF Specificity  

Engineering 
F3 F3   F2 

G C G T G G G G C T 

desired consensus target 

F2 selection for 
GAT 

F1 selection for 
GGC 

F3 selection for 
GTA 



Tuning ZF Affinity 

Cell, Vol 150(3), 2012 



ZF Affinity Variants 

M E R P Y A C P V E S C D R R F S R S D E L T R H I R I H T G Q K

3 14 16 17 19 23 25 27 28 33

P F Q C R I - - C M R N F S R S D H L T T H I R T H T G E K

42 44 45 47 51 53 55 56 61

P F A C D I - - C G R K F A R S D E R K R H T K I H L R Q K

70 72 75 79 81 8478

Zif268 zinc finger domains 
63

35

modified residue positions

Finger 2 

Finger 1 

Finger 3 

R14A = 2 fold higher affinity 

H25A = 0.5 fold lower affinity (2x weaker) 



ZF Affinity Variants 



Conclusions 

• development of HT pipeline for rapid protein engineering 

(applied here for ZF array engineering) 

 

• ZF specificity can be engineered 

 
• ZF affinity tuning is possible 
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Asymmetric Polymerase Extension (APE)

this publication, solid-phase APE 

Wan W, et al 2014 PCR

Dormitzer PR, et al 2013; ligation+PCA

Saaem I, et al 2012; nSDA-PCA

Schwartz JJ, et al 2012; dialout PCR

0.010.1110
Errors per kb (without error-correction)

Quan J, et al 2011; PCA

Borovkov AY, et al 2010; ligation/OE-PCR

Kosuri S, et al 2010; PCR

Matzas D, et al 2010; PCR

Marsic D, et al 2008; SeqTBIO

Mamedov TG, et al 2007;PCR/PCA

Kong DS, et al 2007; PCR

Xiong AS, et al 2006; OE-PCR

Fuhrmann M, et al 2005; ligation

Binkowski BF, et al 2005; PCR

Xiong AS, et al 2004; PCR

Carr PA, et al 2004; PCR
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In vivo comparison of ZFs 

In vivo vs in vitro (APE-MITOMI) 


