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Abstract: Biomembranes are selective barriers and communication interfaces between intracellular
and extracellular environments. They are crucial for signal transduction, energy transfer, and
material exchange. Composed of lipids, proteins, glycans, and other components, biomembranes
are central platforms for cell recognition and communication. Their specific recognition and binding
abilities show great potential in early disease diagnosis, targeted drug delivery, environmental
monitoring, and more. Molecularly imprinted polymer (MIP) has emerged as a robust tool for
recognizing and binding biomolecules on biomembranes. This article summarizes recent technological
advancements in MIP for biomembrane-associated lipids, proteins, and glycans. Lipids are a key
part of biomembranes, crucial for maintaining membrane fluidity and stability. In lipid imprinting,
lipid bilayers serve as templates. Functional monomers interact with lipid molecules and, upon
polymerization, form a polymeric shell on the bilayer. Template removal leaves behind comple-

mentary binding sites. This strategy has been exploited to fabricate lipid-imprinted nanoparticles for
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drug delivery. These nanoparticles selectively recognize lipid components on cell membranes, thereby
enabling targeted drug delivery. Proteins constitute another critical class of biomembrane components
and execute diverse functions. Protein-imprinted MIPs selectively recognize membrane proteins such
as cell-surface receptors, bacterial outer-membrane proteins, and viral capsid proteins. This enables
precise identification and binding of specific proteins, which is useful in disease diagnosis and drug
development. MIP can detect specific membrane protein biomarkers on cancer cells, allowing for
early cancer detection and monitoring. Glycans also play a key role in biomembranes, particularly
in cell recognition and immune responses. Carbohydrate-imprinted MIPs recognize specific glycan
structures for use in disease diagnosis and therapy. Cancer cells have different glycan structures on
their membranes compared to normal cells. These abnormal glycans serve as biomarkers for early
cancer detection and monitoring. The article also emphasizes the potential of MIP in various ap-
plications. In disease diagnosis, MIP can develop biosensors for fast and accurate detection of
disease biomarkers, enabling early treatment. In drug delivery, MIP can create targeted systems that
deliver drugs directly to diseased cells, minimizing off-target effects and enhancing therapeutic
efficacy. In cell imaging, MIP can specifically label cells or biomolecules, providing detailed images
of cellular processes and aiding in understanding disease mechanisms. In biosensing, MIP can serve
as efficient recognition elements to construct biosensors for detecting specific biomarkers in bio-
logical samples. The specific binding sites formed by molecular imprinting technology enable MIP-
based biosensors to detect target molecules with high sensitivity and selectivity , providing a powerful
tool for early disease diagnosis and real-time monitoring. However, the development of MIP still
faces challenges, including complex synthetic procedures, incomplete template removal, limited
scalability, and the need for performance optimization. The synthesis process is complex, requiring
precise control of parameters like functional monomers, cross-linkers, and initiators. Incomplete
template removal compromises binding affinity and selectivity. Scaling-up while maintaining batch-
to-batch reproducibility is challenging, and the binding capacity, selectivity, and stability of MIPs
must be optimized for each application. For glycan imprinting, monosaccharide templates have low
specificity, glycan chain templates are difficult to synthesize and purify, and there is a lack of
efficient O-glycan cleavage tools. To break through the bottleneck, the study improves template
removal efficiency, synthetic optimization and structural controllability through controllable free
radical/photo-initiated polymerization, magnetic material integration, microfluidics, artificial in-
telligence, machine learning and 3D printing; meanwhile, virtual templates, glycopeptide substitution
templates, and solid-phase imprinting strategies are used to solve the scarcity of glycan templates.
In addition, optimization of biocompatible materials, surface modification to reduce toxicity, and
combination with computer simulation and automated preparation can accelerate clinical translation.
In conclusion, MIP technology is highly promising for biomembrane research with broad applications
in disease diagnosis, drug delivery, cell imaging, and extracellular vesicle enrichment. With
continued development and optimization, MIP are expected to play an increasingly important role
in biomedical and life sciences, offering more powerful tools and solutions for disease diagnosis,

treatment, and monitoring.
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Fig. 5 Lipidomic analysis of urinary extracellular vesicle (EV)[2!
A. comparison of the peak areas of 15 metabolites characterized with high confidence in EVs enriched by different materials; B. heat-
map consisting of 154 lipid metabolites from hepatocellular carcinoma (HCC), cirrhosis, and healthy individuals; C. score plot of or-
thogonal partial least squares discriminant (OPLS-DA) analysis; D. permutations plot of OPLS-DA model; E. peak intensity of Cer 52:3;

02 the in HCC, cirrhosis, and healthy controls; F. receiver operating characteristic(ROC) curves of key lipid profiles from HCC, cirrho-
sis, and healthy controls.
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Table 1 Comparison of MIP and antibody characteristics

Characterization MIP Antibody

Specificity moderate specificity high specificity, accurate identification
Stability stable at room temperature long-term susceptible to inactivation

Production cost low high

Production time short long

Reusability stable and reusable for many times poor reusability

Feasibility of large batch relatively simple preparation and easy to synthe- requires strict process control and quality assur-
production size at large scale ance measures
2.2 HYEE PEAT AR AR I, 38 A b 5 2 Ak ek e B e Y

MIP A] A 4 25 1 2 44, 38 ik L R i) 43— 1R 0 J5 , 2 BT A ke 19 MIP X% T B3k EGFR 0 %
RE 1, 2B IR 20 M ARG AR R ) NI AR S 2 BLI R SR B S e R RPE R SR L AN T
IR, WD R IE R AR B . Ak MIP 3 ] L) B30 38 5 G 1 [7] B 52 30 24 4 366 35 RS B 80 e, DL 0
PR MR E M, SN AR S EE B ANRIT R TR R AR R R 25
T3, Sk R R T PR AL T A A T B . EGFR ARV AR AL AR g SUBE AR il #4519 MIP. fR T 50 A5 A A5
ZIIE A bR Y R B R IR S L i RS AU T2 4 40 P SRR B T LR Y BR
PE R & B R & SR AT G . Piletsky 457 20 g R A1 1 A5 AL B W 1 BT, R 2 8,
EGFR JIAE g B0 EL 300 , 76 Ik 0 2R i R 0 = e 20 L2 oo A M % 245 490, B BEL Lk 3 A 400 L #VE
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