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The most common optical methods for microplastic detection are vibrational spectroscopy techniques, such 
as Raman or Fourier-transform infrared spectroscopy, which provide reliable chemical identification through 
the fingerprint spectra associated with the different plastics [1]. While this is an effective and consolidated 
approach, since vibrational spectroscopy requires highly expensive equipment, especially when considering 
nanoplastic particles, there is still interest in the development of newer sensing platforms [2]. 
 
Recently, newer biomolecular interactions have been reported between nanoplastics and specific peptides, 
as well as DNA aptamers and oligonucleotides [3], [4], [5]. The basis of these interactions is surface adsorption 
modulated by hydrophobicity, charge, π–π interactions, hydrogen bonding and metal ions. This proposal 
aims to combine both peptide and DNA receptors by integrating them into a localized surface plasmon 
resonance (LSPR) sensor platform. LSPR is described by the collective oscillations of electrons present in 
metallic nanostructures, typically gold, when excited by an electromagnetic field. This oscillation produces, 
in the surroundings of the particles, a localized field that is highly sensitive to changes in refractive index. 
These characteristics make the advantages of the LSPR its label-free and real-time detection, as well as high 
sensitivity and compact device architecture[6], [7]. 
 
Although literature indicates that DNA aptamers exhibit polymer-class selectivity, it also indicates limited 
discrimination between different polymer types. Thus, a multiplexed LSPR sensor, which enables direct 
comparison of peptide and DNA performance under similar conditions. The platform consists of a gold 
nanoparticle array where distinct sections are functionalized with either polymer-specific peptides or DNA 
aptamers/oligonucleotides, facilitating simultaneous assessment of affinity, selectivity, and LSPR response 
for at least two different nanoplastics and other related targets. 
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Nucleic acids have emerged as versatile building blocks in biosensor design, underpinning highly sensitive 
detection through hybridization, structural switching, and catalytic mechanisms. When integrated with 
plasmonic readouts, these systems enable robust optical transduction that can be implemented in 
portable, low-cost formats.  
This review highlights recent advances in nucleic acid–mediated plasmonic biosensing, focusing on 
strategies that transform conventional assays into sensitive, user-friendly platforms suitable for on-site 
analysis. 
 
We survey a range of mechanisms underlying signal generation, including colorimetric detection via 
nanoparticle aggregation, plasmonic modulation driven by nanomaterial growth or etching, and dynamic 
structure-switching nanostructures. Advances in localized surface plasmon resonance (LSPR) sensing on 
chip-based architectures functionalized with nucleic acids are also discussed.  
Particular attention is given to how modern nucleic acid amplification and editing techniques, such as 
CRISPR-based systems, isothermal amplification, and enzyme-free circuits, enhance signal transduction and 
broaden target scope. 
In addition to summarizing state-of-the-art technologies, this review explores the emerging role of artificial 
intelligence and computational design in optimizing nucleic acid-based biosensors, from sequence selection 
to structural prediction and performance evaluation.  
 
As a case study, we emphasize the specific challenges and opportunities in food safety applications, where 
rapid, low-cost, and portable diagnostics are critically needed. The food sector, unlike healthcare, operates 
under stringent cost constraints, making it an ideal testbed for disruptive biosensing technologies that 
combine molecular precision with practical deployability. 
 

 
 

 
Fig. 1  Fig. 2  Fig. 3  
 
Fig. 1:  Schematic of target-induced colour change in a suspension of DNA-functionalised gold 
nanoparticles (adapted from [1]).  
Fig. 2:  Comparison of dispersed and aggregate gold nanoparticle suspensions (adapted from [2]).  
Fig. 3: Extinction spectra of the suspensions in Fig. 2 (adapted from [2]).    
 
 
[1] L. Tang and J. Li (2017). ACS Sens, 2 (7), 857–875. 
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CTCF is a crucial architectural protein that organizes eukaryotic genomes through DNA binding and chromatin 
loop formation. However, conventional formaldehyde-based ChIP-seq preferentially captures stable protein-
DNA interactions, biasing detection toward long-range chromatin architecture and topologically associated 
domain (TAD) boundaries. In this study, we used ultraviolet (UV) laser crosslinking combined with ChIP-seq 
to comprehensively map stable and transient DNA-CTCF interactions across the genome. 

UV ChIP-seq identified 38,706 CTCF binding sites in K-562 cells, with 70% previously undetected by standard 
formaldehyde fixation. Comparative analysis revealed distinct binding patterns: UV-specific sites 
concentrated at active promoters and enhancers within short-range chromatin loops (<200 kb), while 
formaldehyde preferentially detected CTCF at TAD boundaries and long-range loops. Integration of both 
methodologies achieved >90% coverage of active promoters genome-wide. De novo motif analysis 
uncovered noncanonical CTCF binding configurations at UV-specific sites, suggesting alternative DNA-binding 
modes beyond the canonical zinc-finger recognition sequence. 

Alternative chromatin fragmentation using micrococcal nuclease further revealed additional UV-exclusive 
sites, indicating that fixation chemistry and fragmentation strategy, determines the DNA-CTCF interaction 
landscape captured. These findings demonstrate that complementary crosslinking strategies are essential for 
comprehensive characterization of transcription factor-DNA binding dynamics. 

Figure 1: (A) Example of representative CTCF binding sites in K562 cells detected by formaldehyde (FA) ChIP-
seq (grey), UV ChIP-seq (orange) and UV-MNase (UV-M) ChIP-seq (blue). An overlay of three replicates and 
chromatin loops detected by Hi-C and chromatin state annotations from a multivariate Hidden Markov 
Model (ChromHMM) are shown. (B) Venn diagram showing the overlap between CTCF binding sites identified 
by FA ChIP-seq, UV ChIP-seq and UV-M ChIP-seq.  

[1] Stanko, C. et al. bioRxiv, 2025.05. 12.653382.
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The chemical assembly of essential biomolecules, such as DNA, RNA, lipids or peptides from 
simple starting materials in realistic early Earth environments is one of the key challenges in 
answering the question of how life originated. Solar radiation is often missing from these 
considerations, even though is was abundant on the surface of the early Earth. In particular, 
ultraviolet (UV) radiation has the ability to disrupt chemical reactions, but also to open up new 
reaction pathways. Recent evidence suggests that solar radiation probably played a key role as a 
selection pressure in the origin of life. 
This talk will provide a broad overview of the current challenges in the interdisciplinary field of 
origins of life research and outline the potential of photochemistry in this endeavor. 
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Oligos have been commercially synthesised using phosphoramidite chemistry for over 40 years.1 An 
increased demand for oligos for use in therapeutics, DNA-based materials, DNA 
origami etc., has challenged these ageing synthetic approaches. 
Phosphoramidite chemistry produces large volumes of toxic waste, supplies only low yields of oligos > 100 
bps and has difficulty in producing homopolymers.2 
More recent developments have focused on enzymatic approaches, which due to their relative infancy still 
face many drawbacks including inaccurate sequence production, slow muti-step processes and high 
running costs. therefore current enzymatic methods are impractical for the large-scale production of DNA-
oligos.3 
Short DNA-oligos cannot be amplified by standard PCR methods and so an alternative approach is required. 
Here we describe MOPED - a versatile synthetic approach which combines self-priming enzymatic 
extension,4-6 with restriction enzyme digestion7 to give multiple copies of a target oligo. 
Our investigations of the DNA folding process without denaturing conditions are also discussed like a self-
assembly of DNA origami even at room temperature. This would be also promising for a one-pot folding of 
DNA and thermo-sensitive biomolecules like enzymes. 
 

 
Fig. 1:  Overview of the MOPED approach to designer DNA for oligo synthesis 
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Molecular electronics and molecular-scale optics, particularly plasmonics, have long been envisioned as key 
drivers of the next major technological advances. DNA has emerged as one of the most versatile and 
promising molecular platforms for nanoscale fabrication [1], including applications in electrical and 
plasmonic systems [2]. Owing to its intrinsic self-assembly properties, DNA enables fully parallel fabrication, 
allowing the simultaneous production of vast numbers of devices. However, as self-assembly typically 
occurs in solution, effective integration with top-down fabrication methods is required—at minimum to 
position the assembled structures on substrates. More importantly, the direct integration of bottom-up 
self-assembly with top-down processing during fabrication offers significantly expanded capabilities and 
versatility. 
 
We have developed methods to trap and electrically connect individual molecular-scale devices to external 
circuitry [2,3]. This approach has enabled the investigation of charge transport in various single DNA 
nanostructures, including single-electron transistor architectures [3]. In the field of nanoscale optics, we 
have introduced DNA-assisted lithography (DALI), a fabrication strategy that combines DNA origami with 
conventional top-down microfabrication techniques. This method enables the realization of high-quality 
plasmonic nanostructures with feature sizes below 100 nm and precisely defined geometries [4]. As a proof 
of concept, we fabricated optical bowtie antennas exhibiting tunable plasmonic resonances within the 
visible spectral range. 
 
To further advance optical component fabrication, we have pursued the development of self-assembled 
metasurfaces by organizing DNA origami structures into extended surface lattices. These nanostructured 
assemblies offer spatial precision comparable to electron-beam lithography while avoiding the inherent 
limitations of serial, time-consuming, and costly patterning processes. To date, large-area, highly ordered 
DNA origami lattices have predominantly been achieved on ultra-smooth substrates, such as mica or 
supported lipid bilayers [5], which are generally incompatible with standard microfabrication workflows. To 
address this limitation and enable subsequent processing steps — such as DALI or BLIN [4] — we have 
demonstrated large-scale assembly of two-dimensional fishnet-type lattices directly on silicon substrates 
using cross-shaped DNA origami building blocks (Seeman tiles) [6]. 
 
Thus far, we have achieved polycrystalline lattice coverage over large areas with average domain diameters 
of approximately 2 µm, as well as single-crystalline domains up to 5.6 µm² comprising 670 interconnected 
DNA origami units. Furthermore, we have developed a method to fabricate rolled DNA origami lattices, 
forming tubular geometries [7]. The successful implementation of DNA origami lattice assembly on silicon 
substrates opens new avenues for scalable, DNA-based nanofabrication compatible with established 
semiconductor processing technologies. 
 
 
[1] F. Hong, F. Zhang, Y. Liu, et al., (2017) Chem. rev. 117, 12584; S. Dey, C. Fan, K.V. Gothelf, et al., (2021) Nat Rev Methods Primers 1, 13. 
[2] V. Linko, J.J. Toppari (2013), SAME 1, 101; L.N. Liu, T. Liedl (2018), Chem. Rev. 118, 3032. 
[3] K. Tapio, J. Leppiniemi, B. Shen, V.P. Hytönen, W. Fritzsche, J.J. Toppari (2016), Nano Lett., 16, 6780. 
[4] B. Shen, et al. (2018), Science Adv. 4, eaap8978; P. Piskunen, B. Shen, A. Keller, et al., ACS Appl. Nano Mater. (2021), 4, 529. 
[5] J.M. Parikka, K. Sokołowska, N. Markešević and J.J. Toppari (2021), Molecules 26, 1502. 
[6] K. Tapio, C. Kielar, J.M. Parikka, A. Keller, H. Järvinen, K. Fahmy, J.J. Toppari, (2023) Chem. Mat. 35, 1961; H. Järvinen, J.M. Parikka, R.P.T.N. 
Rajapaksha, A. Keller, J.J. Toppari, ”Towards single-crystalline DNA origami lattices on silicon wafers for bottom-up nanofabrication” In review. 
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D- or L-polyadenine, pA, strand self-assembly, in the presence of cyanuric acid (CA), into left-handed or 
right-handed helical fibers consisting of CA/pA triplex subunits. Formation of the chiral fiber is supported by 
scanning electron microscopy (SEM) and circular dichroism (CD) measurement and molecular dynamic 
(MD) simulations. The left-/right-handed helical CA/pA fibers reveal optical or catalytic chirality transfer-
functions. Integration of achiral Hoechst 33258 ligand into left-/right-handed helical fibers results in optical 
chirality transfer to the intercalated ligand reflected by opposite CD and opposite circularly polarized 
luminescence (CPL) properties. Catalytic chirality transfer by left-/right-handed helical CA/pA fiber is 
demonstrated by tethering catalytic units to the chiral fibers, turning the supramolecular assemblies into 
chiral nanozymes. Hemin/G-quadruplex tethers linked to the left- or right-handed helical fibers reveal 
catalytic chirality transfer functions towards chiroselective catalyzed oxidation of D-/L-DOPA by H2O2 to 
form dopachrome. While the hemin/G-quadruplex-tethered left-handed CA/pA fiber reveal a ca. 2-fold 
enhanced oxidation of D-DOPA, as compared to L-DOPA, the left-handed helical hemin/G-quadruplex-
tethered CA/pA fibers demonstrate a ca. 2-fold enhanced oxidation of L-DOPA, as compared to D-DOPA. In 
addition, catalytic chirality transfer to Cu2+-bipyridine-functionalized left-/right-handed helical fibers 
towards chiroselective H2O2 oxidation of D-/L-DOPA to dopachrome is demonstrated (albeit in opposite 
directionality to that observed for the hemin/G-quadruplex catalyst). 
 

 
 
(A):  SEM images of left-handed helical CA/pA fibers formed through the assembly of D-pA with CA. 
(B):  SEM images of right-handed helical CA/pA fibers formed through the assembly of L-pA with CA. 
(C): CD spectra of left-handed (blue) and right-handed (red) helical CA/pA fibers 
(D): gCD spectra of left-handed (blue) and right-handed (red) helical CA/pA fibers 
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New design strategies in plasmonic nanostructures reshape optical biosensing, enabling highly sensitive, 
real‑time, label‑free detection. In this context, localized surface plasmon resonance (LSPR) is a key method 
for probing refractive index changes in the surrounding medium, with performance controlled by 
nanoparticle size, shape, and composition [1,2]. Careful tuning of these parameters allows spectral control 
over a broad wavelength range and precise manipulation of local electromagnetic fields essential for 
analyte detection. However, achieving reliable control over nanoparticle morphology in order to tailor 
plasmonic properties remains a disturbing challenge. Bimetallic core-shell nanostructures, consisting of 
gold or palladium cores coated with secondary metals such as platinum or palladium, offer a promising 
solution [3,4]. Their combined optical properties, along with controlled aspect ratio, surface roughness, and 
tip geometry, enable enhanced electromagnetic fields at nanoscale hot spots and improved spectral 
flexibility, thereby strengthening the LSPR response for high-performance biosensing. 

In this work, we investigate controlled palladium growth on pre-synthesized gold nanorods to produce 
Au@Pd core-shell nanoparticles with varied morphologies. By tuning parameters such as palladium 
precursor concentration, temperature, and pH, different structures can be obtained, including rod- or bar-
like nanoparticles with uniform shells or crystallite-decorated surfaces. The spectral variations in the UV-Vis 
extinction data, including red or blue shifts and changes in the longitudinal LSPR band shape relative to the 
gold nanorod reference, reflect the morphological diversity observed in SEM images (Fig. 1) and indicate 
that the optical response of the bimetallic nanostructures is strongly influenced by the Pd shell properties, 
such as thickness, continuity, shape, and surface structure, along with the contribution of the gold core. 
The synthesized nanoparticles exhibit wide optical tunability, underscoring their potential for designing 
advanced LSPR-based biosensors. Future work will focus on sensing studies and integrating these 
nanoparticles into LSPR platforms to fully explore their plasmonic and sensing performance. 

Fig. 1:  Scanning electron microscopy (SEM) images of gold nanorods (a) and Au@Pd core-shell nano-
particles (b, c). Scale bars are 100 nm 

[1] Csáki A. et al. (2018). Expert Rev Mol Diagn, 18, 279-296. 
[2] Nocerino V. et al. (2022). Chemosensors, 10, 150-180. 
[3] Kluitmann J. et al. (2024). ChemPhysChem, 26, e202400823-e202400830.
[4] Kluitmann J. et al. (2021). Colloids Surf A Physicochem Eng Asp, 626, 127085-127092. 



https://www.biophotonics4future.com/dna2026/ 

Development of an LED-Based Multispectral Imaging System 

Baihui Li, Tomas Lednicky, Menbere Mekonnen, Andrea Csáki, Wolfgang Fritzsche 

Leibniz Institute of Photonic Technology, Albert-Einstein-Straße 9, 07745 Jena, Germany   

Bioanalytical sensing based on the principle of localized surface plasmon resonance (LSPR) is developing 
rapidly, and new sensors with novel plasmon sensors and innovative concepts of signal development and 
readout principles have been discovered one after another [1]. The resonance frequency of LSPR sensing 
depends on several intrinsic factors. One is the material of the nanostructure. The geometry of the 
nanostructure is another important factor in its sensing properties, as is its size. [2]. Combined with imaging 
spectrometer equipment, multiplexing methods have been proven to be very effective in studying the 
spectral behavior of plasmonic nanoparticles when the refractive index changes [3]. Especially, plasmonic 
microarrays, tens of nanoparticle spots, can be used for the detection of around 100 biomarkers in one assay. 
Although LSPR measurements are commonly performed in transmission mode, scattering-based detection 
provides a viable alternative approach. To enhance the compactness and sensitivity of LSPR detection 
systems, a scattering-based experimental setup is developed and systematically compared with conventional 
transmission-based methods in terms of sensitivity, signal stability, and suitability for dynamic 
measurements. 

This research focuses on designing and developing a new multi-spectral imaging sensor for LSPR sensing. 
Building on the existing "6-spectral imaging sensor", the project aims to achieve high integration, 
miniaturization, and portability of sensor systems, enhancing its practicality for experimental applications 
[4]. The proposed design not only enhances the practicality of the system for experimental applications but 
also reduces overall device costs. Even point-of-care applications in bioanalytic. It provides an interesting 
alternative for the development of future on-site diagnostics. 

Fig. 1 Fig. 2 Fig. 3 

Figure 1: Analytes binding to biomolecular recognition element on top of AuNP inducing apeak shift of LSPR. 

Figure 2: Transmission-Mode Setup for LSPR. 

Figure 3: a) Measurement setup: 1-camera, 2-microfluidic chip, 3-springs, 4-electronic LED control, 5-LEDs 
with diffuser plate. b) Microarray sensor chip. c) Circuit board with six mounted LEDs. d) Measurement area 
for sample I and reference I0 values. e) Spectral shift of one AuNP spot during sensing measurement [4]. 

[1] Csáki A et al., Expert review of molecular diagnostics, 2018, 18(3): 279-296. 
[2] Mayer K Met al., Chemical reviews, 2011, 111(6): 3828-3857. 
[3] Zopf D et al., Biosensors and Bioelectronics, 2016, 81: 287-293. 
[4] Kastner S et al., Advanced Photonics Research, 2023, 4(2): 2200252.
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Lateral flow assay (LFA) platforms provide a simple, low cost and rapid format for molecular detection, yet their conventional 
colorimetric readout limits sensitivity and restricts quantitative analysis (Fig. 1). In this work describes the development of LFA for 
the detection of rheumatoid factor (RF) in human serum, targeting the serological diagnosis of rheumatoid arthritis (RA) at the point 
of care. Rheumatoid arthritis is a chronic systemic autoimmune disease affecting approximately 1% of the global population, with 
RF- an IgM autoantibody directed against the Fc region of human IgG - representing one of the primary diagnostic biomarkers 
included in the 2010 ACR/EULAR classification criteria [1]. Despite its clinical importance, RF detection currently depends on 
laboratory-based platforms including ELISA and nephelometry, which are incompatible with resource-limited or decentralized 
diagnostic settings. The development of an RF-specific LFA introduces unique technical challenges beyond conventional antigen-
detection formats, including competitive interference from endogenous free IgG in serum, the large pentameric structure of IgM and 
its implications for membrane diffusion kinetic and the risk of prozone effect at elevated R. concentrations [2]. 
 
The proposed LFA strip employs a mouse anti-RF monoclonal antibody conjugated to 30 nm AuNPs on the conjugate pad as the 
primary detection element, which binds IgM-RF directly via recognition of the rheumatoid factor epitope; the resulting AuNP–IgM-
RF complex is subsequently captured at the test line by immobilized human IgG Fc fragment, which retains the complex through the 
natural affinity of IgM-RF for the IgG Fc region. To optimize antibody functionalization of the AuNPs, a binding curve was generated 
by incubating increasing concentrations of mouse anti-RF antibody with AuNPs to determine the loading plateau and ensure maximal 
nanoparticle surface coating. Conjugate robustness was assessed through a NaCI stability challenge, in which the aggregation state 
of antibody-functionalized AuNPs was monitored by UV-Vis absorbance shift as a function of salt concentration confirming colloidal 
stability and adequate surface passivation prior to strip assembly [3]. 
 
These conjugate characterization steps provide the quantitative foundation for reproducible LFA fabrication and ensure reliable 
recognition of the IgM-RF analyte under assay conditions. Subsequent work will address full strip fabrication and assembly, 
optimization of sample dilution to mitigate free IgG competition at the test line and analytical validation of sensitivity and specificity 
against across a clinically relevant range of RF titers in human plasma. This work establishes the core assay architecture and conjugate 
optimization framework for a rapid, low-cost POC diagnostic device for RA serology. 

 

 

  

Fig. 1 Fig. 2 Fig. 3 
 
Fig. 1:  Schematic of the main components and operation of a typical LFA. 
Fig. 2:    UV-Vis Absorbance Response Curve for AuNP–Antibody Conjugation Before NaCl Test  
Fig. 3:    UV-Vis Absorbance Response Curve for AuNP–Antibody Conjugation After NaCl Test  
 
[1] Aletaha D, et al. 2010 Rheumatoid arthritis classification criteria: an ACR/EULAR collaborative initiative. Arthritis Rheum. 2010;62(9):2569–81. 
[2] Schmidt C, et al. Fluorescence-encoded PMMA nanoparticles for a lateral flow assay detecting IgM autoantibodies in rheumatoid arthritis. Anal 
Biochem. 2021;633:114389. 
[3] Parolo C, Sena-Torralba A, Bergua JF, et al. Tutorial: design and fabrication of nanoparticle-based lateral-flow immunoassays. Nat Protoc. 
2020;15:3788–3816. 
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Humanity faces an ongoing threat from pathogenic organisms, such as viruses and bacteria, which are 
evolving rapidly to develop resistance to standard treatments. Addressing this challenge requires diagnostic 
tools that are fast, sensitive, cost-effective, and easy to use [1,2]. Localized Surface Plasmon Resonance 
(LSPR) spectroscopy has emerged as a highly promising solution. This technique utilizes noble metal 
nanoparticles that, when exposed to incident light, induce collective oscillations of free electrons. This 
phenomenon causes the nanoparticles to absorb light at a specific frequency - a wavelength that is highly 
sensitive to the local refractive index of the nanoparticle's immediate environment. Because unmodified 
nanoparticles lack inherent biological specificity, they must be functionalized with recognition elements. By 
coating these nanoparticles with specific single-stranded DNA sequences, we can program the sensor to 
selectively hybridize with target pathogens [2, 3]. To enable the screening of multiple pathogens 
simultaneously, we utilize a microarray format [4]. While traditional LSPR requires bulky, expensive 
spectrometers, this approach is often impractical for portable, point-of-care environments. To address this, 
an imaging-based detection system has been developed. By using a light source composed of six discrete 
colored LEDs and a high-resolution camera, we can simulate spectral analysis [5, 6]. 
By calculating the "center of mass" of the absorption peak - based on the intensity data captured across the 
different LED wavelengths - we can observe binding events as they occur. This allows for the real-time 
confirmation of target pathogen DNA, effectively transforming a complex laboratory measurement into a 
streamlined, portable, and accessible diagnostic process. 
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Figure 1: Plasmonic microarray 
with 80 nm Au-spheres and 

NDM, VIM OXA58, and M69 

captures with target (left to right). 
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Figure 2: LSPR-Sensorgram 
showing the specific binding of 

NDM (blue), VIM (purple), 

and M69 (orange) targets to 
their respective captures, while 

the negative control DNA and 

the empty spots remain stable. 
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