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Abstract

Multifunctionality and aperiodicity are two generic features that nature employs for pattern recognition. Can these
features also be exploited such that similar behavior is exhibited by abiotic systems? We find that random heteropolymers, a
class of synthetic polymers that embody multifunctionality and disorder, can recognize multifunctional disordered surfaces
when the statistics characterizing the sequence and surface site distributions are related in a particular way. Some
implications of this new notion of recognition due to statistical pattern matching for viral inhibition and chromatography are

discussed. © 1997 Elsevier Science B.V.

Polymer adsorption is important in a wide range
of technological applications and is relevant to many
issues in biology and medicine (e.g., [1-11]). The
adsorption of long polymers with ordered sequence
distributions (e.g., homopolymers and diblock
copolymers) has been studied extensively. However,
in order to mediate very specific functions via ad-
sorption, nature employs multifunctionality and ape-
riodicity (disorder). For example, these generic fea-
tures are employed by proteins to recognize patterns
on cell and viral surfaces. The use of multifunctional
disordered polymers to manipulate interfacial proper-
ties with precision, as nature does, has not been
sufficiently exploited in applications or studied in
detail. In this letter, we show that random het-
eropolymers (RHPs) can display a novel form of
pattern recognition that may prove useful in applica-
tions. Specifically, we find that for recognition (i.e.,
sharp change from weak to strong adsorption) to
occur between RHPs and multifunctional surfaces

only certain statistical conditions need to be satis-
fied.

RHPs are multicomponent polymers with a disor-
dered sequence distribution which is described statis-
tically. (They have been shown to exhibit a phe-
nomenon akin to protein folding, e.g., [12-14])
Therefore, in a statistical sense, RHPs carry a pattern
encoded in their sequence distribution. The question
we ask is: can this statistical pattern be recognized
by disordered multifunctional surfaces that also carry
a statistical pattern? In other words, is there a sharp
transition from weak to strong adsorption when the
statistics describing the sequence and surface site
distributions are related in a particular way? We find
that such recognition due to statistical pattern
matching (as opposed to the exact matching typical
in biology) is possible. The phenomenon could be
exploited in applications wherein biomimetic speci-
ficity is desired but exact pattern matching is not
possible. We briefly discuss two such examples (viral
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inhibition and chromatography) in the context of our
results.

For simplicity, we consider surfaces and RHPs
bearing only two kinds of functionalities (Fig. 1).
The RHPs bear two types of segments, A (blue) and
B (brown). Segments of type A prefer to interact
with the yellow sites on the surface and those of type
B prefer the green sites. The surface is patterned in a
statistical sense. For example, within a certain length
scale (the correlation length), there may be increased
propensity to find functionalities of the same type.
We call such surfaces ‘‘pseudo patchy’’. On the
other hand, within a correlation length, there may be
a propensity to find functionalities arranged in an
alternating fashion. We call such surfaces ‘‘pseudo
striated’””. The RHPs also carry a statistical pattern.
The most convenient measures of the statistical pat-
tern for a two-letter RHP are provided by the aver-

(@)

age composition f and a parameter, A = P, , + Pyp
— 1; elements of the matrix, P; j» represent the condi-
tional probability of finding a segment of type i,
given that the segment preceding it is of type j [15].
Negative values of A imply a statistical tendency for
the two types of segments to alternate, while positive
values lead to a propensity for like segments to be
adjacent. We shall refer to the former situation as
“‘alternating’” and to the latter as ‘“blocky’”. The
matrix of condition probabilities is determined by the
chemical identity of the two types of segments [15];
thus, the statistical pattern on the RHPs can be
selected by choosing the appropriate chemistry. We
have simulated the interaction of blocky and alternat-
ing RHPs with pseudo patchy and pseudo striated
surfaces.

The simulations were carried out on a cubic lat-
tice using the non-dynamic ensemble growth MC

Fig. 1. Schematic representation of RHPs interacting with disordered multifunctional surfaces.






