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New Polymer Detection Method to Turn the (Pep)Tide in the Fight Against
Water Pollution

(Tokyo, November 11) A peptide sensor to detect water-soluble polymers in wastewater, a
major contributor to pollution on par with microplastics, has been developed by scientists
from Tokyo Institute of Technology. The new technique takes advantage of the bonding
that occurs between peptides and different polymers to train a machine learning algorithm
that can identify a large number of pollutants in a single solution.

Machine-learning based discrimination of multiple signals can detect dissolved polymers.

Researchers from Tokyo Tech have developed a new peptide sensor to detect dissolved polymer pollutants in
wastewater, using polymer classification through supervised machine learning. This research achievement will
be featured in the supplementary cover of the journal issue.

Image credit: Toshiki Sawada from Tokyo Institute of Technology

From dying coral reefs to diminishing fish populations, marine pollution due to plastics is a
growing global concern. Much of the recent conversation on plastic pollution has revolved



around microplastics, tiny bits of plastic that are extremely difficult to remove from water.
But there is increasing interest in water-soluble synthetic polymers as a source of marine
pollution, especially with regard to the risks they pose to soil and water environments. Being
water-soluble, they cannot be recovered using normal filtration technigues. Developing
alternative approaches to remove these pollutants is key. Thus, understanding the exact
nature of the water-soluble polymer pollutant, as well as quantifying its amount in
wastewater has become a focal point for researchers.

Polymers are long chains of chemicals made up of much smaller, repeating units. Although
they are rarely associated with the term, proteins too can be thought of as polymers because
they are made up of thousands of subunits called ‘amino acids.” Short chains of these amino
acids are called peptides. Peptides can undergo specific and non-specific interactions with
molecules, such as polymers, in different ways with different levels of affinity. In a new study
published in ACS Applied Materials & Interfaces, researchers from Tokyo Institute of
Technology (Tokyo Tech), have exploited these interactions to develop a new peptide sensor
for the identification of water-soluble polymers in mixed solutions. “Our technique depends
on a machine learning pattern analysis that mimics mammalian odor and taste discrimination.
Just like how our noses and tongues can distinguish between myriad odors and tastes using a
limited number of receptor proteins, so too can our single peptide senor be used to detect
multiple polymers and other molecules,” says Professor Takeshi Serizawa, who led the study.

The research team based the technique around a peptide that binds to a synthetic polymer
called poly(N-isopropylacrylamide) (PNIPAM). They then introduced a fluorescent ‘tag’ called
N-(1-anilinonaphthyl-4)maleimide (ANM) into the peptide to help obtain signals for
its different interactions. The fluorescence of ANM varied based on the interaction of the
peptide, thereby giving off a detectable signal. The researchers measured the signals
from ANM in known solution concentrations of different polymers and used it to train a
‘linear discriminant analysis’ algorithm, which is one of supervised machine learning (see
Figure 1). They then validated their technique with unknown samples and found that the
sensor and algorithm could identify polymers in mixed solutions. Moreover, after adding
small amounts of ethanol or sodium chloride to the solutions to slightly modify the
chemical interactions, the machine learning algorithm could discriminate against polymers
with similar properties. Finally, they tested the new peptide sensor and algorithm on
actual wastewater and confirmed its ability to detect different water-soluble polymers.


https://doi.org/10.1021/acsami.1c11794
https://doi.org/10.1021/acsami.1c11794
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Figure 1. Schematic illustration of the Identification of water-soluble polymers through
discrimination of multiple optical signals from a single peptide sensor
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“Our technique can be used to not only detect dissolved macromolecular pollutants like
polymer in water, but also will be used to analyze how they enter into the environment,” says
Dr. Serizawa. The research team further plans to extend the method to other peptides and
polymers.

With such potent research to help guide the way, remediating and protecting our marine
environments could soon become a reality!
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About Tokyo Institute of Technology

Tokyo Tech stands at the forefront of research and higher education as the leading university
for science and technology in Japan. Tokyo Tech researchers excel in fields ranging from
materials science to biology, computer science, and physics. Founded in 1881, Tokyo Tech
hosts over 10,000 undergraduate and graduate students per year, who develop into scientific
leaders and some of the most sought-after engineers in industry. Embodying the Japanese
philosophy of “monotsukuri,” meaning “technical ingenuity and innovation,” the Tokyo Tech
community strives to contribute to society through high-impact research.
https://www.titech.ac.jp/english/
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