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Deoxyribozymes

DNA
double helix

Take away one of the strands
and DNA can fold into complex
molecular structures

Effective for
storing genetic
information

Hammerhead ribozyme

Single-stranded DNA molecules that can fold into
complex molecular structures suitable for catalysis

Advantages of deoxyribozymes

» Highly stable

» Function under non-physiological conditions
» PCR enables simple selection process

» Can be identified to catalyze reactions between any pair of substrates

However, natural deoxyribozymes are unknown



Deoxyribozymes identified by in vitro selection

General scheme for selection of RNA- ligating deoxyribozyme
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Enriching catalytically active molecules with every round of selection
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The world of DNA catalysis

Deoxyribozymes that cleave RNA
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Deoxyribozymes that form branched RNA
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Seeking DNA catalysts that cleave peptide bonds
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Why search for deoxyribozymes that cleave peptide bonds?
>

Fundamental interest: Amide bond is at least 20-fold
more stable than RNA phosphodiester bond

» Practical application: Need for artificial proteases



Substrate for selection Selection performed
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» DNA phosphodiester bond is at least
» 36 clones 105-fold more stable than amide bond

> [ distinct sequences > Rate enhancements of the order of 1012
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Peptide portion of substrate Identity of the products formed from

dispensable for activity of 20MD5

10MDS5 cleavage reaction confirmed by
mass spectrometry
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Characterization of 10MD deoxyribozymes

What metal ion cofactors are required for optimal activity?
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Variation of catalytic activity of 10MD5 with Mn?*and Zn?* concentration

Variation with of k,,, Mn2* Variation with of ko Zn?*
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Identification of recognition site
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Hydrolysis Vs Oxidative Cleavage

> H,O as a nucleophile >
s, Sl @y
ﬁ'ololATfr RP—O .“.._J P_O H‘P""O_Tc-|.3'

@ Lt O

Monitoring the fate of oxygen atom in water e

G T

3—1 5—1 cleavage
O, |— O - ( in 16OH2

) ol o o
5eAT” P—0-/ Y IP—0-/  TP—0—TCew

P
i !
8] “0 -0
180H, e A A :
1245 % 1245 1247 1248
10MDS5 deoxyribozyme iy T
. : incorporation (at z =3)

calcd. 0.67, found 0.66

G
c;}\ cleavage
o g in 180H
5'"-AT’O\|§'—O\)j3' O z
-
L product = T T VA
1245 « 1248 1247 1248
T P
o9 }\'30 0 ,
+ H! O_FI:_O F—O—TC.H?}' 1:1 mixture
o S 0 of the two
analyzed by ESI-MS
o+ e e e
miz

M. Chandra, A. Sachdeva, and S. K. Silverman, Nat. Chem. Biol. 2009, 5, 718-720



Conclusions

Numerous deoxyribozymes were identified that catalyze sequence-
specific hydrolysis of single-stranded DNA

Rate enhancements of the order of 1012 relative to uncatalyzed reaction

These deoxyribozymes require two metal ion cofactors, Mn?tand Zn?* for
their catalytic activity

Future Efforts

Double stranded DNA cleavage

Could DNA catalyst be artificial restriction enzyme?
(The work horse of molecular biology)
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Seeking deoxyribozymes with proteolytic activity
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deoxyrihozyme Kops © h Kobs . h!
(substrate D) (substrate P)
10MD9 <3 107 0.26
10MD1 <3 x 107" 0.14
10MD14 3.6 %107 0.14
10MD5 2.3 2.0
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