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A biologist can do: 

- Beautiful synthetic reactions: e.g. protein synthesis

- Efficient catalysis: even of the thermodynamically

unfavoured reactions – coupling of the reactions by the

catalyst

- Extraordinary selectivity: better than the best chemical 

separation methods.



A biologist can do: 
Separation of the two large DNA molecules (Same size: ~5000 bp)

A chemist can do:

Capillary electrophoresis for DNA sequencing



Bioinorganic Chemistry



The role of the metal ions

Pdb id: 1ED8Pdb id: 1ED9
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The role of the metal ions



Jakab et al., Dalton Trans., 6987-6995 (2008).
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Models vs.      Native biomolecules



Bioinorganic zinc chemistry
H-N-H endonuclease motif

-metal ion binding motifs:

Cys2His2 zinc finger

vs.

HNH: 

HHX14NX8HX3H

Sui et al., Protein Sci., 11, 2947-2957 (2002).

Redox properties

Role of metal ion

Geometry

Stability – thermodynamic vs. kinetic



http://www2.sci.u-szeged.hu/artmetprot/index_eng.htm
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Artificial nucleases

A. Pingoud, G.H. Silva: Precision genome surgery; Nature Biotechnol., 25 (2007) 743.

Non-regulated

nuclease domain

CRISPR/Cas9



Artificial nucleases



Artificial nucleases



Artificial nucleases

A. Pingoud, G.H. Silva: Precision genome surgery; Nature Biotechnol., 25 (2007) 743.

Protein guide

CRISPR/Cas9

RNA guide



Artificial nucleases



Aim of the work

To develop an artificial nuclease with a safe control mechanism: 

The nuclease has to stop cleaving DNA in case of any damage of 

the enzyme within the cells. 



Y.-T. Wang, J.D. Wright, L.G. Doudeva, H.-C. Jhang, C. Lim, H.S. Yuan, J. Am.  

Chem. Soc. 131 (2009) 17345-17353; Protein Data Bank (PDB) ID: 3FBD

Crystal structure of an NColE7 mutant in its DNA complex

The C-terminal HNH 

motif with Zn(II) is 

situated within the

minor-groove.

H544

H569
H573

C

N

H545 R447

W464

The N-terminal

KRNK sequence.



NColE7

1. Interaction between the N- and C-termini

2. Fine tuning of the nuclease activity

3. W464: stabilization of the structure of NColE7

4. Inducible preorganized zinc(II)-binding site



1. Interactions between the N- and C-termini

Gyurcsik, et al., J. Biol. Inorg. Chem., 18, 309-321 (2013); Acta Cryst. Sect 

F., 69 (2013) 551-554; Metallomics, 6 (2014) 2090-2099.

DN4-NColE7(-C*):

KRNKActiva

tion by

KRNK



Gyurcsik, et al.: Protein Sci., 23, 1113–1122 (2014)

2. Fine tuning of the nuclease activity
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3. W464: stabilization of the structure of NColE7

SRCD cspectroscopy
Amino acids 

mutated to A

Gyurcsik, et al., J. Biol. Inorg. Chem., 19 (2014) 1295-1303; Gyurcsik, Curr. Prot. 

Pept. Sci., 17 (2016) 191-197; Gyurcsik, et al., J. Inorg. Biochem. 151 (2015) 143-

149; Protein Sci., 25 (2016) 1977-1988.
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The concept of the NColE7-based artificial nuclease design

Split NColE7 into Nx regulatory and Cy catalytic segments and 

insert a zinc finger guide protein between them.    

Linker Zinc Finger protein Linker
C terminal catalytic unit 

of NColE7

N-terminal control unit of 

NColE7



Protein design

Gyurcsik, et al., J. Comp-Aid. Mol. Des., 28 (2014) 841-850.

Strategy:

Cy – ZF – Nx vs. Nx – ZF – Cy

NColE7                    NColE7

Zinc finger Zinc finger



Nx – ZF – Cy strategy

Protein expression and purification

 

N

CC

N

C

N

N4-ZF-C105 N4-ZF-C45N46-ZF-C45

N4-ZF-C105

KRNKGGDAFMEKPYKCPECGKSFSQSSNLQKHQRTHTGEKPYKCPECGKSFSQSSDLQKHQRTHTGEKPYKCPECGKSFSRSDHLSRHQRT

HQGRFERGDYGLGSPVPDRIANKLRDKEFKSFDDFRKKFWEEVSKDPELSKQFSRNNNDRMKVGKAPKTRTQDVSGKRTSFELHHEKPISQ

NGGVYDMDNISVVTPKRHIDIHRGK

N4-ZF-C45

KRNKGGDAFMEKPYKCPECGKSFSQSSNLQKHQRTHTGEKPYKCPECGKSFSQSSDLQKHQRTHTGEKPYKCPECGKSFSRSDHLSRHQRT

HQFGTGAWMLLGQDVSGKRTSFELHHEKPISQNGGVYDMDNISVVTPKRHIDIHRGK

N46-ZF-C45

KRNKPGKATGKGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFKSGGGDGGDQMEKPYKCPECGKSFSQSSNLQKHQRTHTGEKPYKCPE

CGKSFSQSSDLQKHQRTHTGEKPYKCPECGKSFSRSDHLSRHQRTHQFGTGAWMLLGQDVSGKRTSFELHHEKPISQNGGVYDMDNISVVT

PKRHIDIHRGK

Native NColE7

KRNKPGKATGKGKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFKSFDDFRKKFWEEVSKDPELSKQFSRNNNDRMKVGKAPKTRTQDVSG

KRTSFELHHEKPISQNGGVYDMDNISVVTPKRHIDIHRGK

Gyurcsik, et al. ChemBioChem 19 (2018) 66-75.



Gyurcsik, et al. ChemBioChem 19 (2018) 66-75.

Nx – ZF – Cy strategy

Protein expression

and purification



Nx – ZF – Cy strategy

Catalytic activity - specificity

Gyurcsik, et al. ChemBioChem 19 (2018) 66-75.
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Nx – ZF – Cy strategy

Catalytic activity - specificity

Gyurcsik, et al. ChemBioChem 19 (2018) 66-75.
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Allosteric control

DAPI Anti-Flag merged

N4-ZF-C105

Nx – ZF – Cy strategy

Cellular localization on in HEK293T cells
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Conclusions

- The formation of native-like structure of the artificial

nucleases can be monitored through their zinc-binding ability.

- The Nx – ZF – Cy models showed low activity, they were

specific, but not well regulated.

- The possibility of fine tuning and structure induction in

combination with competition by the DNA binding proteins will

lead us to a better artificial enzyme.
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