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Recent developmentsin the design of small-molecule synthetic
receptors for nucleotide bases has provided insight to DNA-
DNA and protein—-DNA recognition.! Binding sites for nucleo-
tide bases have also been incoporated as part of macromolecular
structures that include antibodies,? synthetic macromolecules,’
and monolayers.*

We report that network polymers with strong binding sites to
adenine can be prepared by copolymerization of cross-linking
monomers such as ethylene glycol dimethacrylate (EDMA) and
N,N"-1,3-phenylenebis(2-methyl-2-propenamide) (PDBMP) with
methacrylicacid (MAA)in the presence of a templating molecule,
9-ethyladenine (EA).

The technique employed is template polymerization,5-'9 where-
by functional monomers are preorganized about a template or
imprinting monomer prior to their copolymerization with cross-
linking monomers (Scheme I}). Mixing of MAA and EA in CHCI,
followed by photoinitiated copolymerization with EDMA and

* Present address: Bioherb Inc., Bifrostgatan 40, 253 68 Helsingborg,
Sweden.
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PDBMP gives highly cross-linked network polymers.'!2 EA is
removed by Soxhlet extraction affording a polymer containing
adenine recognition sites. Control polymers containing the same
number of carboxylate groups but incorporating a “generic”
template, benzylamine, P(BA), and materials prepared with EA
template but no carboxylate groups, P(BL), were also prepared.

Batch rebinding studies in chloroform were performed to
quantitatively evaluate the affinity of adenine and related
derivatives to the polymers. The adsorption isotherm (Cy vs Cp)
of EA toP(EA) and P(BA) reveals enhanced binding to polymers
imprinted with EA compared with polymers imprinted with BA.
Unfunctionalized polymer P(BL) exhibits no affinity for EA.

Assuming Langmuir type absorption, the binding was treated
in a similar manner to data obtained from equilibrium dialysis
experiments.’> From plots of C,/C; versus Cp, the Eadie-
Scatchard expression yields values for X, an average association
constant, from the slope and #, the number of binding sites, from
the intercept.'* The plots exhibit bimodal behavior with two
distinct regions that can be fitted with straight lines.'® The most
selective sites exhibit an average X, = 76 000 M~!. To compensate
for the nonspecific weaker binding to carboxylate-functionalized
polymers, differential binding data (AC,), obtained by subtracting
Cy(P(BA)) from C,(P(EA)), is plotted to yield a linear plot. This
treatment gives an average K, of 79 000 M-!, which agrees well
with the average value obtained for the most selective sites of the
binding isotherm for P(EA). The average values for the
association constant should be compared with the K, of 160 M-!
for the association in homogeneous solution between EA and
butyric acid.'?

The derived number of selective binding sites on P(EA) is 20
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umol/g, or 35% of the theoretical number of sites (57 umol/g).'?
From studies of the time dependence of binding we conclude that
equilibrium is reached for both specific and nonspecific binding
within ca. 2 min with a ¢;,, of 20-30 s.

The binding and selectivity of the polymers was also evaluated
from their performance as chromatographic supports. The
retention volumes of various substrates using 25-38-um polymer
particles packed in 10-cm HPLC columns are summarized in
Table I. In all cases, polymers imprinted with 9-ethyladenine,
P(EA),retain adenine bases over other purine or pyrimidine bases.
The phenomena is quite general and is observed in mobile phases
that range from chloroform to aqueous KH,PO,/CH,CN (3:7,
pH = 4.5). That the specificity is due to the EA imprinting
molecule is clear from a comparison with polymers that contain
the same number of carboxylic acid groups but were imprinted
with benzylamine, P(BA) (Table I). These supports show no
preference for the adenine derivatives over other purine or
pyrimidine bases. The adeninespecificity is dramatically revealed
by a chromatographic trace of a mixture of adenine, guanine,
cytosine, uracil, and thymine which are injected on a P(EA)
column (mobile phase CH;CN/AcOH/H,0 (92.5:5:2.5)). All
bases with the exception of EA elute close to the void volume (2.0
min); despite a relatively broad peak, the retention time for EA
is 26.8 min!

In conclusion, the data show that molecular imprinting may
be used for the preparation of polymers with high affinity for
adenine derivatives. The strength of binding (AG* =~ 6.5 kcal/
mol)!? and the selectivity are comparable to those of the best
“small-molecule” designed receptors.2® Moreover, the simplicity
involved in the preparation of the polymers should make them
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Table I. Retention Volumes for Purine and Pyrimidine Bases on
P(EA) and P(BA) Templated Polymers®

substrate® P(EA) P(BA)Y P(EA) P(BAY
9-ethyladenine (EA) 48.65 2.50 5.30 1.59
benzylamine 1.72 3.05 1.42 2.45
1-cyclohexyluracil 2.11 1.84 1.88 1.75
l-propylcytosine 1.75 1.86 1.47 1.50
1-propylthymine 1.88 1.68 1.60 1.56
adenine 23.94 2.64 1.41
guanine 1.76 1.62 1.18 1.23
uracil 1.99 1.72 1.25 1.30
cytosine 2.82 2.00 1.30 1.30
thymine 2.06 1.76 1.31 1.35
adenosine 14.73 2.96 1.34 1.25
guanosine 4.89 347 1.08 1.17
uridine 1.98 1.73 1.13 1.22
cytidine 2.16 2.57 1.09 1.19
thymidine 1.92 1.70 1.20 1.27
2’-deoxyadenine 16.79 2.80 1.51 1.28
2’-deoxyguanine 3.93 2.66 1.10 1.18
2’-deoxyuridine 1.95 1.71 1.16} 1.22
2’-deoxycytidine 2.11 2.02 1.12 1.19
2’,5’-dideoxycytidine 1.88 1.85 1.23 1.28

4 The polymers (25-38-um particle size) were slurry packed in stainless
steel chromatographic columns (length: 100 mm, i.d. 4.6 mm). The
chromatographic investigations were performed using two mobile phases:
(1) CH3;CN/AcOH/H,0, 92.5:5:2.5; (2) 0.1 M KH,PO, + K,HPO,
(aqueous, pH 4.5)/CH;CN, 3.7, | mL/min. » Ten microliters of a 1.0
mM solution of each substrate was used. ¢ Polymer was prepared using
9-ethyladenine (0.4 mM) as template. Mobile phase 1. 4 Polymer was
prepared using benzylamine (0.4 mM) as template. Mobile phase 1.
¢ Same polymer as in . Mobile phase 2./ Same polymer asine. Mobile
phase 2.
attractive for use as nucleoside selective separation matrices.
Presently we are investigating the extension of this technique for
the recognition of both natural and unnatural nucleotide bases
and their oligomers.
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