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Site-selective cleavage of DNA has become one of the O_S_S_(CH) g?gg;gzggg—_%ﬁaueﬁGC-ACT-AGA{;G
most attractive and challenging subjects in gene reséarch. o
In principle, two functional units are required for fabricating Ce(lV)

an artificial site-selective cleavage reagent, that is, a molec-

ular “scissor” and sequence-recognizing moreintil now,
various types of site-selective cleavage reagents for DNA (Y Ce(IV)/EDTA Complex)

scission have been synthesized on the basis of metal

; G ” . Magnetic field
complexes or organic molecules as “scissors”, and oligo- separation
deoxynucleotide (ODN) or its analogues as the sequence-
recognizing moiety.Nevertheless, a number of difficulties / \

remain to be overcome with respect to their practical O°°°°°°°°°‘ YAVAVAVAY,
applications. First, almost all DNA cleavage reactions using
the above-mentioned cleavage reagents were performed iy bacterid drug-delivery, magnetic resonance imagremd
homogeneous systems; consequently, the expected cleaved, forth. Therefore, to couple the artificial cleavage reagents
product was mixed with the cleavage reagents besides theith MNPs will not only facilitate the subsequent isolations
unreacted DNA. As a result, complicated purifying and f the cleaved DNA but also endow them targeting ability
isolating procedures were required prior to the use of the gnapled by external magnetic fields, as well as additional
cleaved product. Second, even though the sequence- fnctions as magnetic resonance imaging contrast agents for
recognizing moieties offer the cleavage reagents atargetingtracking the biological and biomedical process at the cell
ability for in vivo applications, functional carriers could be  |eye|. Furthermore, the interactions between nanoparticles
useful for guiding the cleavage reagents to specific regions. ith ODN, that is, the sequence-recognizing moieties, may
In this context, to bind the artificial site-selective cleavage g5 offer protections to ODN from enzymatic digestion.
reagents with magnetic nanoparticles (MNPs) may greatly Herein, we report our investigations on a new type of
expand the practical potentials for the artificial cleavage gificial cleavage reagent composed of MNPs: % CTG
reagents. GAC GCG G X<3 (R-S-S-10mer ODN; X= PO;™; Y =
Over the past years, MNPs have been demonstrated to be-(P0;)—0—(CH,)s—S—S—(CH,)s—OH) as the recognition
useful in the collection and isolation of biomolecules as well unit, and a cerium(1V)/ethylenediaminetetraacetic acid (EDTA)
complex as the molecular “scissor”. The general designing
*To whom correspondence should be addressed. E-mail: shenhb@shnu.edu.0|$trat99ieS for the MNPs-based artificial cleavage reagent and

(H.S.), gaomy@iccas.ac.cn (M.G.). ) ) its application in subsequent isolation procedures are il-
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Figure 1. IP-RP-HPLC of the cleaved products from the model ssDNA
obtained upon additions of 0.01 mM Ce(IV) (trace a), 0.1 mM Ce(IV) (trace
b), and 1 mM Ce(lV) (trace c), respectively. The cleavage reactions were
allowed for 96 h at pH 7.4, 37C. Trace d is the elution curve of the standard
11mer sample.
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Figure 2. Correlation between the scission efficiency and the cleavage
reaction time. The cleavage reactions took place at pH 7.4C37n 0.1
mM CeV. (SE: scission efficiency.)

dependent on the initial concentration of Ce(IV). Compared
composite MNPs was grafted with thiol groups through the with tracea for 0.01 mM Ce(1V), tracé for 0.1 mM Ce(IV)
hydrolysis of 3-mercaptopropyltrimethoxysilane. The surface presents a retention peak at 11.6 min apart from the retention
area of the resultant particles was determined to be 72.2 m peak that appearing at around 4 min for Tris. To further
g ' by the BrunauerEmmett-Teller (BET) method. More  increase the concentration of Ce(lV) to 1 mM greatly
details on the characterizations the composite MNPs aredecreases the cleavage site selectivity, leading to a number
given in Supporting Information. of additional peaks in trace. Nonetheless, the strongest

In parallel, ODN was first reacted with ethylenediamine retention peak remains quite close to that in trdge
(EDA) via its 3-phosphate group. The resultant OBEDA indicating that the Ce(lV) ions captured by EDTA had a
was then coupled with EDTA via an amidation reaction spatial priority in the cleavage reaction even though random
between the free amino group from EDA and one carboxy! cleavages by excessive Ce(IV) had already taken place. By
group from EDTA according to a literature mettoBly thiol/ comparing with the elution curve of a standard sample of
disulfide exchange reaction, the resultant GEIRDTA was 11mer, shown as traak it can be concluded that a specific
attached to the surface of the MNPs. The effectiveness of cleavage took place in 0.1 mM Ce(lV) and led to single
this coupling reaction was further confirmed by surface product of 11mer. It is worthy of mentioning that the primary
enhanced Raman spectroscopy (SERS). By measuring the.omer ODN attached on the surface of MNPs may also
ODN-EDTA left in the supernatant after a magnetic present a retention time similar to that for 11mer if it fell
isolation of the resultant ODNEDTA-coated MNPs, the  off the surface of the MNPs. To further confirm that 11mer
surface coverage of the ODNEDTA adduct on the Si® was the product of the cleavage reaction, a control experi-
coated MNPs was quantitatively estimated to be 15.6 pmol ment was performed under exactly the same conditions
cm-2, corresponding to 1071 ODNEDTA per MNP. Ina  except that no Ce(IV) was introduced into the reaction
similar way, the number of ssDNA attached to each GPDN  system. The IP-RP-HPLC results proved that no ODN fell
EDTA-coated MNP during the following hybridization  off after the MNPs were magnetically isolated. Details are
reaction was estimated to be 655. provided in Supporting Information.

The cleavage reaction was initiated upon further introduc-  The scission efficiency against the reaction time was also
tion of Ce(lV) into the aqueous dispersion of the MNPs investigated by IP-RP-HPLC. The experimental results
carrying hybridized ssDNA in Tris-HCI buffer under physi-  shown in Figure 2 reveal that the scission efficiency is
ological conditions (pH 7.4, 37C) ° The initial concentration  strongly dependent on the reaction time and presents a sharp
of ODN—EDTA in this reaction system was 0.036 mM. increment before 96 h followed by a slow-down increasing
According to above-mentioned results, the concentration of for prolonged reaction time. The scission efficiency at 96 h
ssDNA hybridized with ODN was around 0.022 mM. The was estimated to be 22% by measuring the amount of 11mer
cleavage reaction was allowed for 4820 h before the  |eft in the supernatant.
whole reaction mixture was subjected to external magnetic As mentioned above, the model ssDNA was a 26mer,
fields for collecting the MNPs. Subsequently, the cleaved while the primary ODN was a 10mer. However, the main
ssDNA fragments in the resultant supernatant was analyzedproduct of the cleaved ssDNA fragment was 11mer rather
by ion-pair reversed-phase high-performance liquid chro- than 16mer. This discrepancy turns out to be caused by the
matography (IP-RP-HPLC). spacer effect of the phosphate-terminated chelating group

The experimental results shown in Figure 1 strongly of EDTA whose fully extended length is about 1.73 nm,
suggest that the efficiency of the cleavage reaction wasimitated by the software of HyperChem7.5 as shown in
Scheme 2. This length corresponds perfectly to 5 bases in

(8) (@) Chu, B. C. F.; Orgel, L. EProc. Natl. Acad. Sci. U.S.A985 82, ssDNA. Therefore, the specific site for cleavage was located
963. (b) Chu, B. C. F.; Wahl, G. M.; Orgel, L. Blucleic Acids Res. '
1983(1)1, 65u13. & ¢ ueleic Acids Res at 15 bases from theé 8nd of the 26mer ssDNA. As a result,
(9) (a) Branum, M. E.; Tipton, A. K.; Zhu, S. R.; Que, L., I. Am. the cleaved fragment of 11mer with a sequence’ ofl%C

Chem. Soc.2001 123 1898. (b) Komiyama, M.; Takeda, N.; '
Shigekawa, HChem. Commuri999 1443. (c) Sumaoka, J.; Azuma, ACT AGA CG=<3 becomes the product of the cleavage

Y.; Komiyama, M.Chem—Eur. J. 199§ 4, 205. reaction, as schematically illustrated in Scheme 2. Matrix-
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Scheme 2. Scission Profile for the Cleavage of ssDNA
Together with the Molecular Model for the Chelating
Group?
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aThe Black arrow indicates the specific cleavage site for ssSDNA by the
current MNPs-based atrtificial cleavage reagent.
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Figure 3. MALDI-TOF MS of the cleaved ssDNA fragments.

1500

assisted laser desorption time-of-flight (MALDI-TOF) MS

was further employed to analyze the cleaved ssDNA frag-
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quite possibly comes from the 11mer which absorbs some
ions during the MALDI-TOF MS analysis. In addition, the
experimental result obtained by denaturing polyacrylamide
gel electrophoresis (PAGE) also supports that 11mer was
the main product of the cleavage reaction, further supporting
that the MNPs-based artificial cleavage reagent possesses
an excellent site-selective cleavage specificity.

In conclusion, a novel type of MNPs-based artificial
cleavage reagent is designed and successfully synthesized
by coupling the molecular scissor of the Ce(IV)/EDTA
complex with MNPs via a sequence-recognizing moiety, that
is, the 10mer ODN. Detailed experimental results revealed
that the MNPs-based artificial cleavage reagent not only was
effective but also presented satisfying cleavage specificity.
Most importantly, MNPs greatly facilitate the isolation of
the cleaved product from the mixture of cleavage reagents
and un-reacted ssDNA. Furthermore, the current investiga-
tions set the first successful example for combining the site-
selective ssDNA scission reagents onto the surface of the
MNPs, which can extend known DNA cleavage research
from the homogeneous system to the multiphase system.
Besides, considering the characteristic of a tumor cell to
endocytose the nanoparticles, the carrier, that is, the MNPs,
will endow the potential ability of the artificial cleavage
reagent to react in the tumor cell, and this experiment is now
in progress in our laboratory. All in all, this MNPs-based
artificial cleavage reagent may hold great potential in gene
studies.
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