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The development of chemical agents that cleave the backbon
of DNA has been spurred by a desire to isolate functional DNA
sequencéds and to develop agents that image (footprint)
molecules bound to DNA. Synthetic nucleases are structurally
diverse compounds that operate by three general mechanism
hydrolysis of the sugar phosphate bénthemical modification
of a DNA basé224or hydrogen abstraction from a deoxyribose
unit> We recently described a set of anthraquinone derivatives
that act as photonucleases.

AQS:R = SOzNH(CH2)4NH3C| AQl
AQC: R = CONH(CH2)4NH3ClI

N-(CH2)3N(Et)2HCI

U

S.

5043

and results in GG selective cleavage. Irradiation of unbound
AQC results in hydrogen atom abstraction from a deoxyribose
and causes spontaneous cleavage. We describe herein a new
quinone nuclease with unique properties. A®inds nonin-
tercalatively to DNA, and its irradiation gives spontaneous, non-
sequence-selective cleavage of DNA that can be used for
photofootprinting of ligands bound in the minor groove.

We conducted a series of experiments to determine if AQI
binds to DNA by intercalation or by association with a groove.
A competitive ethidium bromide displacement method was used
to evaluate the binding of AQI in PBSsolution to DNA. The
association constants for AQI with [poly(dA)/pon(dT)] and with
duplex poly[(dGdC)] are 0.5 and 3.9 10° M1, respectively.
These values are similar to that measured for AQC with poly-
dGdC)] 8b for example.

One indicator of DNA binding mode is a change in viscosity
when a small molecule associates with DNA. Intercalation
increases the length of DNA and significantly increases the
viscosity, whereas groove binding typically has a much smaller
effect on viscosity! We compared the effect of equivalent
amounts of AQS and AQI on the viscosity of calf-thymus DNA
solutions. The results reveal an increase in viscosity charac-
teristic of intercalators for AQS. In contrast, AQI has essentially
no effect on the viscosity, suggesting that it does not bind by
intercalationt?

A second indicator of DNA binding mode is circular
dichroism spectroscopy. DNA provides a chiral environment
that will induce a CD spectrum in a bound ligakd.The
induced CD spectrum for AQI with calf-thymus DNA in PBS
solution is biphasic and has more than twice the intensity of
CD spectra observed for AQC or AQS. This result, too,

Three classes of nuclease behavior that depend on thesupports groove binding for AQI since this_ mode typically
structure of the quinone and the reaction conditions have beeninduces a stronger CD spectrum than does intercal&tion.

observed. When intercalated into duplex DNA, irradiation of
quinones such as AQC or AQS in Cfree solution gives
selective cleavage at thé6 of GG stepsthat is revealed only
after treatment of the DNA with hot piperidirfe.In contrast,

spontaneous (no piperidine treatment required), nonselectiveDNA molecules by SFM.

cleavage is observed when AQC is irradiated in a solution
containing Cr.%¢ Finally, irradiation of DNA saturated with
AQC, so that some quinone is free in solution, leads to
nonsequence-selective spontaneous clea¥adéese findings

indicate that the mechanism of reaction controls the character-

istics of the DNA cleavage. Irradiation of an intercalated
quinone initiates electron transfer to form a base radical cation
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A third, and especially convincing, means to distinguish
intercalative and groove binding to DNA is scanning force
microscopy (SFM}? Definitive evidence that AQS and AQI
bind by different modes comes from visualization of individual
Images of the linearized plasmid,
pBluBacHis pBBH) without quinone yield an average length
of 3430 nm (= 156,0 = 75 nm). Images acquired following
immobilization of the plasmid from an AQS solution (&)
reveal lengthening of the DNA by 300 n¥h.In contrast, images
acquired following immobilization from an AQI solution reveal
no measurable change in DNA length. Figure 1 shows these
effects quantitatively. Competition with ethidium bromide
verifies that AQI blocks the minor groové.

The change of binding mode changes the reactions of the
excited state of these quinones with DNA. AQI is not
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3800 - . : and protect shielded portions of the DNA from damage.
Netropsin binds in the minor groove of DNA at sequences
c 3700 1 containing contiguous A or T bas&s.An autoradiogram of
€ the restriction fragment irradiated in the presence of AQI and
‘;:.:, %00 r 1 0.5 uM netropsin shows clear high-resolution footprints of all
3 ae00 b ] the recognized AT binding sites and a previously unrecognized
3 I ] netropsin binding at an AAA sequente.
S a0lt | 3 I ] The functional characteristics of the anthraquinone photonu-
cleases depend strongly on their structures. For quinones that
3300 . - : intercalate in DNA, irradiation leads to rapid electron transfer,
0 5 w1 12 localization of the radical cation at a GG step, and, after
[ligand], uM treatment with piperidine, cleavage predominantly at the 5
Figure 1. Length versus ligand concentration for AQ&)(and AQI G.8d The spectroscopic and analytical experiments performed

(®). The error bars representr 2Eighty-eight high-resolution images ~ with AQI indicate that it has a different binding mode and a
of individual quinone-pBBH complexes were acquired and measdfed.  different characteristic reactivity. AQI does not bind to DNA
primarily by intercalation. Nonintercalative binding reduces the
'rate of electron transfer, since there is no direetlectron
overlap with the DNA bases. The spontaneous cleavage of
DNA observed from the irradiation of AQI is indicative of
hydrogen atom abstraction from a deoxyribose unit. An-
thraquinones having a predominant*rexcited state configu-
ration generally intersystem cross efficiently and abstract
hydrogen atoms rapidly from suitable substrates. Readily
abstracted hydrogen atoms on the deoxyribose units are acces-
sible from the major and minor grooves of DNA. The ability
of AQI to footprint netropsin suggests that it reacts, at least in
part, from the minor groov& These findings show that simple
structural change to the anthraquinone derivative has a profound
ffects on its binding and chemical properties. We are exploring
the detailed reaction mechanisms and applications of these
nucleases.

luminescent in aqueous solution at room temperature. However
a phosphorescence emission characteristic of Zthexcited
state is detected from a frozen ethylene glyd®BS solution
at 77 K17 When bound to [poly(dA)/poly(dT)] or duplex poly-
[(dGdC)], the phosphorescence of AQI is shifted 7 nm to higher
energy and its intensity is reduced 24% and 62%, respecfi¥ely.
In contrast, the phosphorescence of AQS in frozen solution is
completely quenched>95%) when it is intercalated in DNA.
Further, laser flash photolysis of AQI bound to calf-thymus
DNA shows no formation of the radical anion out to 1 ns.
Similar irradiation of bound AQC shows the strong absorption
of the quinone radical anion in less than 20'psThe laser
spectroscopy and the incomplete phosphorescence quenchin
for AQI show that the rate of electron transfer is slowed
significantly when the quinone is not intercalated.

The change of binding mode also has a remarkable effect on
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reveals selective cleavage at tHebof GG steps. Treatment
of the restriction fragment with piperidine after irradiation of Supporting Information Available: A plot of the change in
AQI does not reveal any additional cleavage sites. Clearly, the viscosity for AQI and AQS, an image of DNA visualized by SFM,
change in binding mode alters the reactions of the quinone Spectrarecorded 20 ps after excitation of AQC and AQI bound to DNA,
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The site of reaction for reagents that attack and cleave DNA AQ! Showing netropsin footprints (5 pages). See any current masthead
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can be assessed by employing ligands known to bind selectively
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