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Figure 1. Metal—peptide conjugate, Rh(phbpy-Peptide (Rh-P).

The design of artificial nucleases represents an area of
substantial interest. While many reagents have been success- characterized metalloenzyme sites in which biopolymer hy-
fully applied to RNA hydrolysig, there have been fewer qrolysis occurs under mild conditiofis. Two histidines
successes with DN# due to its relatively high hydrolytic  yere placed in positions 7 and 11 along the 16-residue peptide
stability> We have approached the problem of designing a {5 create a zinc coordination site on one face of a putative
deoxyribonuclease by combining both DNA-binding and reac- o_pejix. A glutamate was included at position 4, and glutamate
tive moieties: (i) a rhodium intercalator which binds in the major ysine salt bridges as well as space-filling alanines were added
groove with high affinity and (ii) a tethered metallopeptide g encourage-helicity.!* The coupling of the metallointerca-

modeled after natural hydrolytic enzym7e9?r§vious work in lator to the peptide was carried out by methods described
our laboratory has shown that small peptides tethered to aggyjigri2

rhodium complex bind DNA with high site specificity governed
by the appended peptideHere we extend this strategy to create
a synthetic endonuclease by incorporating zinc-promoted reac-

The ability of Rh-P to coordinate metal ions was confirmed
by spectroscop}® Consistent with the coordination of one

tivity into the tethered peptide.
Figure 1 shows a schematic illustration of our mefa¢ptide

conjugate, Rh(phippy-Peptide (Rh-P). A short peptide, Asp-

Pro-Asp-Glu-Leu-Glu-His-Ala-Ala-Lys-His-Glu-Ala-Ala-Ala-
Lys-CONH,, is tethered to Rh(phippy, a sequence-neutral

intercalator, through a methylene linker derived from the
modified bipyridine ligand. Complexes of rhodium(lll) which
contain a phenanthrenequinone diimine (phi) ligand bind in

the major groove of DNAKy < 10°6 M)8 and upon photoac-
tivation cleave DNA at the rhodium intercalation sife.The
peptide tethered to the intercalator was desigdechao on

the basis of the active sites of metal-containing hydrolases, well-
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maximized at stoichiometric 2n.16 Little DNA cleavage is
[Zn] - seen with Rh-P alone or with EDTA, the rhodium intercalator
— t alone, the peptide with 2Zm but no intercalator, or At alone
E : E = (Supporting Information). The rhodium intercalator therefore
d4 6 7

serves to deliver the reactive Zncoordinated peptide to the
DNA helix, making efficient cleavage of DNA possible at
=—llp micromolar concentrations.

1] — e
pam— - FF -—— o The initial rate constants,s for the cleavage of pBR322
o = - DNA by Rh-P at pH 6.0 is found to be (25 0.2) x 1075

s 117719 This value is comparable to those recently determined
using complexes of Eu(lll) and Co(Ifijand all represent rate
enhancements of approximately*16ver that for uncatalyzéd
DNA hydrolysis. Unlike the Eu(lll) and Co(lll) complexes,
however, here efficient DNA cleavage is obtained with micro-
molar concentration of Rh-P, owing to the strong binding affinity
of the intercalating moiety.

To provide direct evidence for hydrolytic chemistry at the
phosphodiester linkage by Rh-P, the termini of oligonucleotide
cleavage products were examined. DNA hydrolysis yields only
phosphate and hydroxyl termiffi. The products of DNA
oligonucleotide cleavage containing hydroxyl termini can be
distinguished using high-resolution polyacrylamide gel electro-
phoresis in which band migrations are compared with Maxam
- G Gilbert sequencing products containing either phosphate or
G hydroxyl termini22 Product analysis was therefore carried out
A for the cleavage of a 17-base-pair oligonucleotide duplex by
¥ Rh-P with Zr#*. Again the rhodium intercalator, the peptide,
L8
A
[

B
= Rh-P+EDTA

= Zn
e Rh-PsZn

s A+HG
d CaT

A
= C+T*

!

o

and Zr#" are all found to be necessary for DNA cleavage. Figure
2 shows that the products of cleavage of theefid-labeled
oligonucleotide contain fragments of DNA with-Bydroxy!
termini2324 This observation provides direct evidence for a
- ; hydrolytic cleavage reaction.

Several aspects of this cleavage are noteworthy. First 3
. hydroxyl but not 3-phosphate termini are observed which
indicates a stereospecific reaction by Rh-P. This stereospeci-
ol ‘ .- ficity may be the result of hydrolytip gttack from _the major
groove of DNA. Moreover, a quantitative comparison of the
A reactions on pBR322 DNA and the oligonucleotide indicates
¥ that cleavage of linear DNA by Rh-P is equally efficient as the

i ) ) cleavage of supercoiled plasmid. It can therefore be concluded
Figure 2. Analysis of the cleavage by Rh-P of (A) supercoiled pBR322 ' 14; the strain on the helix which results from supercoiling is
DNA by agarose gel electrophoresis and (B) a 17-base pair oligonucle- not necessary for cleavage by Ri%P
otide by polyacryamide gel electrophoresis. (A) The reactions were y y )

carried out with pBR322 DNA (4@M bp), Rh (5M), and ZnCh in These results indicate directly that the hydrolysis of DNA,
sodium borate (20 mM at pH 7.0) for 24 h at 3C. The reactions indeed linear DNA duplexes, can be accomplished under mild
were quenched by the addition of a mixture of EDTA, sodium dodecyl conditions with a synthetic complex at low concentration.
sulfate, bromophenol blue, and xylene cyanol. The products were Hence, the construction of metgbeptide conjugates combining
electrophoresed on a 1% agarose gel at 75 V for 4 h, and then Staine(DNA-binding and reactive moieties for the hydrolysis of DNA

with ethidium bromide. Lane 1: DNA- Rh-P and EDTA. Lane 21 represents a new strategy for the design of artificial restriction
DNA + Rh-P. Lane 3: DNA+ Rh-P and 2.5M Zn?*. Lane 4: DNA

-
Ol —= - ~
O —= - -

O —=

(M

+ Rh-P and 5.tM Zn?". Lane 5: DNA+ Rh-P and 10.tM Zn?*. enzymes.

Lane 6: DNA+ Rh-P and 20.&M Zn?*. Lane 7: DNA alone. Note

pBR322 DNA contains dimeric supercoilekh and monomericlg)

forms. (B) A DNA oligonucleotide (d(ACGGCACTACGGCTCGT)) Acknowledgment. We gratefully acknowledge NSF (Grant CHE-
was [3-%2P]-end-labeled and bound to its complement. The cleavage 9530476) for their financial support. In addition we thank NSERC
reactions were carried out with oligonucleotide (4@ bp), Rh-P (5 for a graduate fellowship to M.P.F.

uM), and ZnC} (5 uM) in sodium citrate (20 mM at pH 6.5) for 24 h

at 37 °C. The reactions were quenched by lyophilization, and the
products were electrophoresed on a 20% polyacrylamide gel at 2000
V for 4 h. Lane 1: DNA+ Zn?". Lane 2: DNA+ Rh-P and Z#".
Lanes 3 and 4: The labeled strand was sequenced to giveGAand

Supporting Information Available: Synthetic details for the
preparation of Rh(phibpy-Peptide and its spectral characterization,
circular dichroism of Rh-P as a function of Zn and table of pBR322

C + T products using standard Maxai@ilbert methods. Lanes 5 and -
6: T4 polynucleotide kinase was used to remove the terminal cleavage (6 page S)- S(_ae any current masthead page for ordering and
; Internet access instructions.

phosphates from the sequencing products to give the analogous products
containing 3-hydroxyl termini (A + G* and C + T*). The bands JA9633981
observed in lane 2 comigrated with the sequencing products containing

3-hydroxyl termini, indicating that the DNA cleavage by RhH_:'Z_nZ* (25) Strain on the DNA helix caused by the intercalation of the rhodium
yielded exclusively products which containedh®droxyl termini. complex cannot be ruled out, however.




