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DNA—Block Copolymer Conjugates Scheme 1
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The use of DNA as an interconnect for the synthesis of new HK/\
materials with preconceived architectural parameters and proper- ™ Ho 5 .
ties is a field of research that has seen considerable growth over 2 poly2 Hybrid I:
the past several yeatsThe unique and reversible recognition :;'%ESJM GTC CTA Aqg-5-poly2
properties of these biomolecules are the key elements through 3°TAG GAC TTA CGC Aqg-5-poly2

which their utility is derived. Exploring DNA for this purpose
already has led to the development of new detection stratégies,

5 . .
novel nanostructures? and the construction of nanoelectronic unattainable polymers and block copolymers with virtually any

structuresg.ln recent years, the coupling of synthetic.o.ligonucle- functional group covalently attached to the polymer chain, making
otides to organic polymers has emerged as a promising researcrhOMP an ideal tool for the isolation of novel and useful

?hr ea vxihere tge clz(%mblnatlgntr?f prt?pehrtlsta’\:isAomateg with bl(t)th materialst” The combination of such wide ranging functionalities
e polymer backbone and the attache can be sSimulta- \ith the unique recognition properties of DNA could lead to the

”eOPS'V addres_sed, manipulated, and optimized to achieve adevelopment of new materials with easily programmable param-
particular function. For example, the attachment of DNA to eters

polypyrrolew_l“ and other (_:on(_jucting_ponme%%either.thrc_)ugh In our attempts to incorporate DNA into ROMP polymers, we
post-polymerization modification or direct copolymerlz_atlon, ha_s pursued post-polymerization modification of preformed polymers
led to the development of polymer-based amperometric detecnonwith DNA. For this task, the norbornenyl-modified alcot
methods. While interesting, these DNA/polymer hybrids are | i 1" is characterized by a diphenylacetylene spacer which

limited with respect to their degree of tailorability, ill-defined separates the alcohol from the polymerizable norbornene, proved

compositions, and poor solubilities and dispersities, as well as o extremely useful (vide infra). Starting frone&enorbornen-
function. The synthesis of well-defined block copolymer hybrids 2-0l, 2 is isolated in five high-yielding steps. With its strong

which can overcome these limitations would be an important absorption maximum at 304 nne & 26 000 in MeOH), the

coatrlbl_mon to this de\;]eloplng ltechnologr)]/. ¢ DNA h diphenylacetylene component serves as a convenient UV-tag
erein, we report the covalent attachment o to the \\hich can be used to monitor reactivity.

backbone of a well-defined organic polymer derived from ring- The svnthesis of pol and reaction of this polvmer with the
opening_metathesis_ pplymerization (ROMP)' Given the thorough chlorophyosphoramidpitg resulted in a materE'a\I )\//vith a single
_exploratlon and optimization of ROMP during the pastdedéde_, resonance in théP NMR spectra at 149.2. This result is
its use as a template for the construction of DNA/polymer hybrid consistent with that observed for the monomeric analogue.

materials offers several distinct advantages over other polymeric S : : :

X - 7 ubsequent coupling to CPG-supported DNA using the syringe
systems. The commercially .a\./gllable catalystzl-'.ml(l?Prg)z—. technique, followed by deprotection of the DNA and cleavage
CHF.)h 0 has_ been shown to initiate the_: pol)_/rr_]erlzatlon of ring- from the solid support in aqueous ammonia af60yielded the
strained O.IEf'nS (such as norbornene) in a Ilvmg manner a_nd 10 gesired hybrid product. The DNA is connected to the polymer at
be exceptionally tolerant to a large number of diverse functional o 5_ond purification of the hybrid product from failure strands

*To whom correspondence should be addressed. Email: stn@chem.nwu.eduWas achieved using ultrafiltration (see Supporting Information).

groups. These properties have led to the isolation of heretofore
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Figure 1. (A) UV —vis spectrum ofybrid-1 . (B) UV—vis spectra before
and after melting oHybrid-I/Hybrid-Il mixture (melting curve inset)
(C) UV—uvis spectra of DNA-modified 13-nm Au nanoparticles and
aggregates oHybrid-l and complementary DNA-modified 13-nm Au
nanoparticles. (D) TEM image of the aggregates from C.
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Figure 2. (A) The cyclic voltammogram oHybrid IV in 0.2 M [(n-
Bu)sN]JPFs in CH,Cl,. (B) The melting curve foHybrid-11I/Hybrid-
IV in a PBS buffer (first derivative inset).

aggregate of linked polymers, which is signaled by the immediate

formation of a white precipitate. Presumably, this occurs because

each polymer is modified with more than one strand of DNA,
which leads to cooperative binding between many DNA func-

tionalized complementary polymer strands, as evidenced by the

sharp melting transition (inset of Figure 1B). As expected, this
hybridization process is thermally reversible. These studies

demonstrate that attachment to the polymer does not hinder the

recognition properties of the oligonucleotides.

The DNA/polymer conjugate was utilized to form nanoparticle
assemblies. When a PBS buffer solutiontyfbrid-I (12 uL of
8.3uM in DNA) is mixed with a PBS buffer solution of 13 nm
Au nanoparticles (26@L of 9.7 nM in nanoparticle) modified
with complementary DNA strandsthree-dimensional nanopar-
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to block copolymers o2 with a number of norbornene monomers,
thereby imparting tailorable functionality to branched DNA
structures. Our strategy for the synthesis of block copolymer
branched DNA is outlined in Scheme 2. In these experiments,
monomer2 is mixed with a catalytic amount df in dry THF.
After 1 h, the polymerization of the first block was determined
to be complete byH NMR spectroscopy. Subsequent addition
and polymerization of a second norbornene monomer, followed
by the injection of ethyl vinyl ether to terminate the reaction,
yielded block copolymers with the desired structure. When the
norbornenyl-modified ferrocené was used as a second block,
post-polymerization modification wit® and solid-phase DNA
synthesis led to the isolation dybrid IIl and Hybrid 1V .
Electrochemical measurements confirm the presence of the
ferrocenes (Fc) in these hybrids;, = 33 mV vs Fc/F¢, Figure

2A). When PBS-bufferred solutions of these hybrids were mixed,
thermally reversible aggregate formation was again observed.
Also, a sharp melting transition was observed, consistent with
our proposed structure (Figure 2B).

In conclusion, we have demonstrated that post-polymerization
modification of ROMP polymers and block copolymers with DNA
can lead to DNA/polymer hybrid materials with a number of
interesting properties associated with the hybrid structure. The
initial experiments described herein reveal that the recognition
properties of the DNA strands are not adversely affected by
attachment to the polymer. These new structures can be prepared
with properties and function that depend on the choice of ROMP
monomer and DNA branch sites. Since the synthesis of block
copolymers o2 with other norbornenyl-modified compounds is
a facile process, the isolation of other novel and potentially useful
macromolecular hybrid materials should be readily accomplished
by utilizing variations of the strategy presented herein.
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