










Visualizing Nanoscale Dynamics and Mechanics in Living Cells 
by Nanoendoscopy AFM 

Takeshi Fukuma 
Nano Life Science Institute (WPI-NanoLSI), Kanazawa University 

Kakuma-machi, Kanazawa 920-1192 Japan 
fukuma@staff.kanazawa-u.ac.jp 

https://fukuma.w3.kanazawa-u.ac.jp/ 
 

 
Takeshi Fukuma is the Director and a Professor of Nano Life Science Institute (WPI-NanoLSI), 
Kanazawa University. He received his Ph.D. in Engineering at Kyoto University in 2003. After 
that, he worked as a postdoctoral researcher at Kyoto University, a senior scientist at Trinity 
College Dublin and an associate professor at Kanazawa University. Since 2012, he has been a 
professor at Kanazawa University. Since 2017, he has also been the Director of WPI-NanoLSI 
at Kanazawa University. He has been engaged in the development of in-liquid atomic force 
microscopy techniques and their applications to various nanoscience research in academic and 
industrial fields. So far, he has received the MEXT Young Scientists Award in 2011, the JSPS 
Prize in 2018, and the MEXT Science and Technology Award in 2023. 

 
Presentation Abstract: 

Atomic force microscopy (AFM) has been a powerful tool that allows to directly visualize nanoscale dynamics of 
proteins and DNAs in liquid without labeling. However, such high-resolution AFM imaging typically requires fixation 
of biological samples onto a solid substrate. Therefore, it has been often questioned if the observed structures or 
phenomena truly represent those inside living cells. To overcome this problem, we recently developed nanoendoscopy 
AFM (NE-AFM), where a needle probe is inserted into a living cell to perform intracellular AFM observations1. So far, 
we have demonstrated 3D imaging of the whole cell structure and actin fibers, and 2D imaging of dynamic structural 
changes in the actin cortical fibers on the inner surface of the bottom cell membrane. In addition, we demonstrated that 
these measurements do not cause serious damage to a cell despite the repeated insertion of the probe into the cell.  
  NE-AFM has two distinctive advantages over other imaging techniques. One of them is the capability of nanoscale 
imaging at intra-cellular interfaces. To take advantage of this, we are investigating dynamics of focal adhesions (FAs). 
FAs are the intracellular structure connecting between actin fibers and extracellular matrix and play critical roles in cell 
adhesion and motility. By combining NE-AFM and confocal fluorescent microscope, we simultaneously observed time-
lapse changes of the 3D FA structures and paxillin distributions during their growth. From the confocal image, we can 
identify the position of FAs and perform their 3D-AFM imaging. The 3D-AFM images reveal that the FAs become 
thicker during their growth. Besides, the actin fiber associated with the FA was initially in contact with the upper cell 
membrane but detached as the FA grows. This indicates that actin molecules are provided from the cortical actin network 
during the fiber growth. These detailed nanoscale structural changes are directly captured by NE-AFM in living cells. 
  Another strength of NE-AFM is the capability to measure the nanomechanical properties in living cells. With this 
capability, we are investigating nuclear envelope (NE) elasticity. NE is supported by lipids, lamins and lamin associated 
domains (LADs) of chromatins. Among them, LADs are much thicker than others and hence considered to determine 
the NE elasticity. Meanwhile, LAD organization is considered to be related to the gene expression and related diseases 
known as nuclear envelopathies. Therefore, there have been great interests in NE elasticity measurements. In addition, 
nuclear elasticity has attracted attention in cancer research area due to its correlation with cell resistance to the external 
pressure during its migration and invasion. To address these issues, we use NE-AFM to measure NE elasticity by directly 
indenting the NE surface with a needle probe. So far, we found that the NE elasticity increases when the serum was 
depleted and decreases when the EMT was induced by applying TGF. This is reasonable as the gene expression activity 
should decrease when the cells are arrested at the G0 phase and increase when the cells become more invasive due to 
the EMT. These results confirm strong correlation between the NE elasticity and gene expression activity. With this 
basic understanding, we are now exploring various possibilities of NE-AFM studies on NE elasticity. 
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Presentation Abstract:  
Microfluidics and lab-on-a-chip devices have become powerful platforms for manipulating fluids at small scales, significantly 
advancing biophysics and biotechnology research. In this talk, I will present two examples of using microfluidics in microbial 
population genetics and disease diagnosis. The first example involves a microfluidic device with a controlled microenvironment 
designed to study population genetics, where microbial populations proliferate in small channels. In these environments, reproducing 
cells organize into parallel lanes, and as they shift, they can potentially expel other cells from the channel. By combining theoretical 
models and experiments, we found that genetic diversity is rapidly lost along these lanes. Specifically, our experiments demonstrated 
that a population of proliferating Escherichia coli in a microchannel organizes into lanes of genetically identical cells within just a 
few generations. The second example highlights the development of advanced microfluidic sensing platforms for rapid and sensitive 
detection of biomarkers. One such platform employs an opto-microfluidic approach, utilizing localized surface plasmon resonance 
(LSPR) with gold nanospikes fabricated by electrodeposition within a microfluidic device, coupled with an optical probe, to detect 
antibodies against the SARS-CoV-2 spike protein in diluted human plasma with a detection limit of approximately 0.5 pM (0.08 
ng/mL) within 30 minutes. Additionally, recent work by Mazzaracchio et al. (2023) demonstrates the potential of a duplex 
electrochemical microfluidic sensor in distinguishing between natural and vaccine-induced humoral responses. Moreover, the 
versatility of microfluidic platforms extends beyond infectious disease diagnostics, as shown by Funari et al. (2024), who developed 
a multiplexed opto-microfluidic biosensing platform for the detection of prostate cancer biomarkers. These examples collectively 
underscore the broad applicability and efficacy of microfluidic technologies in advancing diagnostics across various fields. 

Fig. 1: Competition between two E. coli strains in microchannels with 2 open ends.  Fig. 2: Microfluidic sensors for biomarker detection. 
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Presentation Abstract:  

In my talk, I will introduce recent advancements in scanning ion conductance microscopy (SICM) for live cell imaging. 
SICM is a type of scanning probe microscopy that uses a glass nanopipette as a probe to achieve nanoscale imaging of 
sample surfaces in a liquid environment. This technique is particularly advantageous due to its low-invasive 
measurement principle, allowing for long-term visualization of cellular surfaces. Recent developments in SICM, carried 
out by several groups including my group [1], have enabled the capture of nanostructural dynamics on the cellular 
surface at sub-second time scales. Moreover, simultaneous imaging of topography and elasticity has been developed, 
providing comprehensive understanding of cellular states by combining multiple types of information. 

Despite these advancements, there is still a need to improve the imaging rate of SICM for broader applications in 
nanobiosciences. Enhancing accessibility to complex structures, such as fragile tissues, remains an area of ongoing 
development. In my presentation, I will review recent SICM advancements and discuss the challenges we face in 
improving spatiotemporal resolution and accessibility to samples with complex architectures. Additionally, I will present 
our recent work on genotype-defined cancer cells [2], including three-dimensional organoids [3], where SICM has been 
used to identify quantitative differences in cellular states through physical parameters such as roughness, membrane 
fluctuation, and local elasticity. 
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Presentation Abstract: 
Three-dimensional (3D) structural analysis is crucial to investigate the structural and functional properties of nanoparticles. 
Transmission electron microscopy (TEM) is a widely used technique to perform such characterization, however, conventional 
TEM images only provide two-dimensional projections of the 3D object examined. Here we propose a novel core-towards-
surface 3D reconstruction strategy based on methods used in single-particle cryo-EM to reconstruct an average 3D model of 
18±2 nm gold nanoparticles by starting from a 3 nm core, and expanding the reconstruction stepwise towards the surface of 
the nanoparticle. Our tailored approach enabled us to reconstruct the entire volume of the nanoparticle at sub-Ångstrom 
resolution. The excellent agreement between the experimental 3D reconstruction and a theoretical map calculated by quenched 
molecular dynamics demonstrates that our method is suitable to provide statistically relevant 3D structures of nanoparticles 
which can be subsequently used to perform ensemble analysis for strain mapping or to determine the lattice parameter of 
alloyed nanoparticles of different compositions. 
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Presentation Abstract:  
The amyloid precursor protein (APP) has been intensely studied for its role in Alzheimer's disease, but its physiological 
function remains unclear. In neurons, APP and its homologs, the amyloid precursor-like proteins (APLPs) are present at 
synapses and promote synaptogenesis. Astrocytes also express APP although a role for astrocytic APP has not been fully 
explored. We have studied the expression and function of APP in rodent astrocytes in vitro and in vivo. shRNA-mediated 
knockdown of astrocytic APP compromises astrocyte morphological elaboration in hippocampal cultures and in the 
intact brain. Our results highlight a role of astrocytic APP and possibly of APLPs in shaping astrocyte morphological 
complexity. We are currently examining how astrocytic APP affects the dynamics of tripartite synapses. 
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Presentation Abstract: 
 
I am going to briefly introduce nano imaging of nuclear pore territories in my talk. 
 
First, I would like to talk about the different jobs that nuclear pore complexes (NPCs) do. Inside the NPC, an assembly 
of natively unfolded ("spider cobweb-like") proteins dictates the chemical and size selectivity of transport into and out 
of the nucleus. NPCs are not only as intracellular supply chain terminals controlling the transport of proteins, NPCs also 
play critical roles in spindle polarity, the formation of aneuploidies, the growth of colon and brain cancer, and the location 
of super enhancers at the epigenomic and spatial levels.  
 
Second, I would like to talk about NPCs dynamic structures and how viral proteins move towards to NPCs. NPCs restrict 
free diffusion to molecules below 5 nm while facilitating the active transport of selected cargoes, sometimes as large as 
the pore itself. This versatility implies an important pore plasticity. The limitation of traditional optical imaging is due 
to diffraction, which prevents achieving the required resolution for observing a diverse array of organelles and proteins 
within cells. Super-resolution techniques have effectively addressed this constraint by enabling the observation of 
subcellular components on the nanoscale. Nevertheless, it is crucial to acknowledge that these methods often need the 
use of fixed samples. This also raises the question of how closely a static image represents the real intracellular dynamic 
system. High-speed atomic force microscopy (HS-AFM) is a unique technique used in the field of dynamic structural 
biology, enabling the study of individual molecules in motion close to their native states. Subsequently, we promptly 
utilize HS-AFM real-time imaging and cinematography approaches to record different viral proteins, microtubules, EVs 
and how they transport towards nuclear pore from purified proteins, cells, organoids, and mouse brain tissues. 
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Presentation Abstract:  

Human RNA undergoes various modifications, among them, the most prevalent modification is A-to-I RNA editing 
catalyzed by ADAR (adenosine deaminase acting on RNA). This process involves the conversion of adenosine (A) to 
inosine (I) in double-stranded RNA regions, which can influence RNA stability, splicing, and protein functions. The 
aberrant expression of ADAR is associated with various cancers, highlighting its potential as both a prognostic 
biomarker and a therapeutic target. Our study also revealed that ADAR1 expression was higher in breast cancer tissues 
compared to normal tissues, suggesting that ADAR1 contributes to cancer proliferation. We found that ADAR1 
increased the expression of DHFR (dihydrofolate reductase), a target protein of methotrexate, an anti-cancer drug, by 
disrupting the binding of miR-25-3p and miR-125-3p, leading to drug resistance. We demonstrated that suppressing 
ADAR1 expression decreased DHFR level and enhanced the effectiveness of methotrexate, indicating that inhibiting 
ADAR1 can help overcome resistance to anti-cancer drugs.  

We screened DNA aptamers against ADAR1 and identified Apt38, an aptamer with high binding affinity for ADAR1. 
Although its inhibitory effects on A-to-I RNA editing were weak, we leveraged its binding capability to develop an 
electrochemical biosensor for the precise detection of ADAR1 in biological samples. The biosensor combines Apt38 
with an electrochemical transduction method, utilizing a sandwich assay format with specific antibodies and gold 
nanoparticles. It detects ADAR1 at concentrations as low as 0.53 nM via differential pulse voltammetry (DPV), offering 
a highly sensitive, cost-effective, and rapid detection method with significant implications for cancer prognosis and 
monitoring.  

Limited structural information on ADAR1 complexes has hindered the identification of effective inhibitors. To 
address this challenge, we employed 3D computational modeling and high-speed atomic force microscopy (HS-AFM) 
to study the dynamics of ADAR1. We identified key interface regions (IFx and IFy) within the deaminase domain that 
are crucial for ADAR1 dimerization and observed stable dimeric structures in the presence of substrate dsRNA. Our 
findings also underscore the role of the flexible N-terminal region in maintaining ADAR1 dimer stability and dynamics. 
These insights are essential for developing targeted inhibitors to modulate ADAR1 activity, paving the way for new 
therapeutic interventions.  
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Presentation Abstract: 
Focal adhesions are dynamic integrin adhesion sites where intracellular contractile forces generated by actin stress fibers 
are transmitted onto the extracellular environment, thereby driving processes such as cell migration, tissue invasions, 
and extracellular matrix (ECM) remodeling. At the same time, many mechano-sensitive focal adhesion components 
themselves undergo force-induced conformational changes and functional regulation. High-speed atomic force 
microscopy (HS-AFM) can image such force-induced conformational changes of focal adhesion-associated proteins 
under physiological conditions and in real-time. Here, we have applied HS-AFM in combination with fluorescence 
microscopy to investigate actomyosin contractility-dependent adhesion modulation, including the tension-driven 
opening of Ca2+ channels near mechanically stressed focal adhesion sites, leading to intracellular Ca2+ influx, recruitment 
of Ca2+-binding proteins such as S100A11, and subsequent focal adhesion disassembly. Furthermore, we have 
established methods to image individual integrin receptor-ligand pairs by HS-AFM and show how force-induced 
conformational changes modulate integrin receptor binding strength to the ECM protein laminin. Lastly, by combining 
cell deroofing with large-range/high-resolution HS-AFM imaging, we are can image large intracellular protein 
assemblies and even entire organelles down to molecular resolution, while preserving them in a functional state. In this 
way, we have generated the first molecular resolution-scale overview images of entire actin stress fibers and analyzed 
nanostructural and -mechanical changes during myosin II-driven actin stress fiber contraction. Thus, HS-AFM can 
provide unique nanoscale structural insight into both intra- and extracellular biomechanical processes underlying 
cell/matrix adhesion regulation. 
 
 
 
 
�  
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Tomomi Kiyomitsu obtained his PhD at Kyoto University (supervised by Prof. Mitsuhiro 
Yanagida) in 2008. He continued his PhD studies of chromosome segregation as a postdoctoral 
fellow in Yanagida’s laboratory until 2010. From 2010-2013, Tomomi started his spindle 
positioning study as an HFSP long-term fellow in Prof. Iain M. Cheeseman’s laboratory at the 
Whitehead Institute, MIT, USA. He then moved back to Nagoya University, Japan (to Prof. 
Gohta Goshima’s laboratory) in 2013 and continued his work as an assistant professor, a lecturer, 
and a JST PRESTO researcher. He started his own unit at OIST in April 2020. He has been a 
JST FOREST researcher since 2023. 
 

 
 
Presentation Abstract: 

During early embryogenesis in animals, a large, fertilized egg undergoes repeated cell divisions to create numerous 
small, differentiated cells. This process comprises a series of dynamic physical and biochemical changes, including 
cell size reduction, zygotic gene activation, and cell cycle remodeling. Regardless of these drastic cellular changes, 
unified parental chromosomes must be accurately duplicated and segregated to all blastomeres to maintain and 
transmit genomic information. Although sizes and cleavage patterns of fertilized eggs vary among species, a 
microtubule-based bipolar structure, the mitotic spindle, is generally assembled in each blastomere to segregate 
duplicated chromosomes into daughter cells. Recent studies have shown that embryonic divisions in bovines and 
humans are error-prone, but mechanisms of spindle assembly and chromosome segregation in vertebrate embryos 
remain poorly understood, compared to those in somatic cells. Recently, we have established live functional assay 
systems in medaka (Oryzias latipes) embryos by combining high-quality live imaging with CRISPR/Cas9-mediated 
genome editing and an auxin-inducible degron 2 (AID2)-based protein knockdown system (Kiyomitsu et al., Nature 
Communications 2024). In this talk, I will present our recent findings showing unique and unexpected features of 
early embryonic divisions. Especially, I focus on RCC1, a guanine nucleotide exchange factor for Ran, which is non-
essential for spindle assembly in small somatic human cells (Tsuchiya et al., Current Biology 2021), but becomes 
essential in large medaka early embryos (Kiyomitsu et a., Nature Communications 2024). 
 
 
Recent publications:   
1. Kiyomitsu T. (An Editor of Book): The Mitotic Spindle. Methods in Molecular Biology, Springer Nature. in press 
2. Kiyomitsu A, Nishimura T, Hwang SJ, Ansai S, Kanemaki MT, Tanaka M, Kiyomitsu T.  Ran-GTP assembles a 

specialized spindle structure for accurate chromosome segregation in medaka early embryos. Nature 
Communications (2024) Feb 1;15(1):981. doi: 10.1038/s41467-024-45251-w. 
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4. Kiyomitsu T.  Using Optogenetics to Spatially Control Cortical Dynein Activity in Mitotic Human Cells.  
Methods in Molecular Biology (2023) 2623:73-85.s 

5. Tsuchiya K, Hayashi H, Nishina M, Okumura M, Sato Y, Kanemaki MT, Goshima G, Kiyomitsu T.  Ran-GTP Is 
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Hanae Sato is an RNA biologist with extensive research experience in biochemistry and 
imaging technologies. After completing her Ph.D. at the University of Tokyo, she broadened 
her expertise in the RNA field at the University of Rochester and Albert Einstein College of 
Medicine, USA. Her current research focuses on the regulation of mRNA from transcription 
to decay, with a particular emphasis on understanding the molecular mechanisms underlying 
nonsense-mediated mRNA decay (NMD). She employs a range of approaches, including 
advanced single-molecule mRNA fluorescence imaging technologies. Since founding her lab 
at NanoLSI, Kanazawa University, in 2022, she has also explored RNA therapeutics, aiming 
to develop treatments for disorders linked to nonsense mutations. 

 
Presentation Abstract:  
 
Eukaryotic cells are compartmentalized into the nucleus and cytoplasm, with gene expression processes occurring in 
these distinct compartments—transcription in the nucleus and translation in the cytoplasm. Nonsense-mediated mRNA 
decay (NMD) is a translation-coupled mRNA decay pathway triggered by premature termination codons (PTCs). 
Although the recognition of in-frame PTCs occurs exclusively in cytoplasmic ribosomes, unexpected transcriptional 
alterations in genes with PTCs have been observed. This suggests crosstalk between the nucleus and cytoplasm during 
gene expression regulation. Addressing cellular events in these separate compartments simultaneously remains 
challenging. In this presentation, I will discuss a study that employs a real-time imaging technique to simultaneously 
monitor the transcriptional activity of both wild-type and NMD-targeted reporter genes in individual cells. Our findings 
reveal that NMD, which operates in the cytoplasm, induces significant transcriptional changes in a PTC-specific manner, 
providing compelling evidence for a robust connection between cytoplasmic decay and nuclear transcription. 
Additionally, I will present collaborative research conducted at NanoLSI, highlighting the diverse technologies used in 
our investigations. 
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Akihiro Kusumi (Aki) is Professor of OIST, and Professor Emeritus of Kyoto University 
and Nagoya University. He is developing single-molecule imaging and manipulation methods 
and instruments, and applying them for revealing the nano-meso-structure and function of the 
cellular plasma membrane. 
     Aki obtained his PhD at the Department of Biophysics, Kyoto University, under the 
guidance of Prof. Shun-ichi Ohnishi. Aki’s first postdoc advisor, Prof. James S. Hyde of the 
Medical College of Wisconsin is responsible for his physics, and his second postdoc advisor, 
Prof. Malcolm S. Steinberg of Princeton University is responsible for his cell biology. 
 

 
Presentation Abstract: 
I am going to briefly cover two topics in my talk.  

First, I would like to talk about development of an ultrafast camera system that enables the highest time 
resolutions in single fluorescent-molecule imaging to date, which were photon-limited by fluorophore 
photophysics: 33 and 100 µs with single-molecule localization precisions of 34 and 20 nm, respectively, for Cy3, 
the optimal fluorophore we identified. Using theoretical frameworks developed for the analysis of single-molecule 
trajectories in the plasma membrane (PM), this camera successfully detected fast hop diffusion of membrane 
molecules in the PM, previously detectable only in the apical PM by using less preferable 40-nm gold probes, thus 
helping to elucidate the principles governing the PM organization and molecular dynamics. Furthermore, as 
described in the companion paper, this camera allows simultaneous data acquisitions for PALM/dSTORM at as 
fast as 1 kHz, with 29/19 nm localization precisions in the 640x640 pixel view-field. 

Using our newly-developed ultrafast camera, we reduced the data acquisition periods required for 
photoactivation/photoconversion localization microscopy (PALM, using mEos3.2) and direct stochastic 
reconstruction microscopy (dSTORM, using HMSiR) by a factor of ≈30 compared with standard methods, for 
much greater view-fields, with localization precisions of 29 and 19 nm, respectively, thus opening up previously 
inaccessible spatiotemporal scales to cell biology research. 

Second, I will talk about the liquid nano-platform for signal integration on the PM, called iTRVZ. Crosstalk 
of cellular signaling pathways is essential for integrating them for inducing coordinated final cell responses. 
However, how signaling molecules are assembled to induce signal integration remains largely unknown. Here, 
using advanced single-molecule imaging, we found a nanometer-scale liquid-like platform for integrating the 
signals downstream from GPI-anchored receptors and receptor-type tyrosine kinases. The platform employs some 
of the focal adhesion proteins, including integrin, talin, RIAM, VASP, and zyxin, but is distinct from focal 
adhesions, and is thus termed iTRVZ. The iTRVZ formation is driven by the protein liquid-liquid phase separation 
and the interactions with the raft domains in the plasma membrane and cortical actin. iTRVZ non-linearly 
integrates the two distinctly different receptor signals, and thus works as an AND gate and noise filter. Using an 
in-vivo mouse model, we found that iTRVZ greatly enhances tumor growth. 
 
Recent publications: 
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Abstract 

Scanning ion conductance microscopy (SICM) is one type of novel nanoprobe technique 
among atomic force microscopy, scanning tunneling microscopy and others. SICM utilizes 
ion current changes between two electrodes as 
feedback signal to outline the three-dimensional 
profiles of detected samples. The whole imaging 
process is conducted in a liquid environment (Figure 
1A). The most advantage of SICM is its non-contact 
imaging features, allowing to maintain the structural 
integrities of flexible bio-samples such as cells. 

Recent improvements of SICM in time/space 
resolutions have sped up its broad applications for 
imaging the dynamical surface characteristics 
(morphologies, charge and stiffness) of biological 
samples including living cells (Figure 1B), neurons, 
bacteria and many others. These surface characteristics 
have been found to be of significance as label-free 
biomarker for cancer diagnosis or as key factor for 
mediating intercellular communications.  

Recent publications: 
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metastatic intestinal cancer cells identified by high-speed scanning ion conductance microscope, 
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Abstract 
 Ultra-high molecular weight polyethylene (UHMWPE) exhibits outstanding mechanical 
properties and wear resistance. However, it shows high insulation and hence problems 
related to static charge accumulation. In recent years, there have been some attempts to 
add a conductive filler, such as graphene nanoplatelets (GP), to UHMWPE with the aim of 
enhancing its electrical properties and antistatic performance.1,2 Typically, melt-mixing is 
used to disperse the filler, but as UHMWPE has a high melt viscosity, it is processed using 
compression moulding; thus, it is difficult to control the dispersion of fillers. In this study, we 
propose a strategy to control the distribution of nanofillers. Generally, UHMWPE has a large 
particle size (~200 μm), and fillers tend to segregate in the interparticle spaces (Figure 1 a), 
which can hinder particle fusion even with a small amount of fillers, leading to a significant 
deterioration of mechanical properties.3 To overcome this, we used a technology4 developed 
in our laboratory that disperses Ziegler-Natta catalysts at the nanoscale to produce 
UHMWPE particles with a size of less than 2 μm, which were then used as a second matrix 
to create a composite with GP (Figure 1b). As a result, we successfully produced a 
composite that exhibited electrical conductivity while retaining its mechanical properties. 
This study demonstrates that filling the voids among coarse with fine particles is essential 
for achieving both of conductive pathways and the entanglements of polymer chains. 

Figure 1. Cross-sectional optical microscope images of UHMWPE/GP composite films. (a) 
Compression moulding was performed using UHMWPE particles of around 70 μm; (b) 
UHMWPE particles of around 0.46 μm were added as a second matrix in compression 
moulding. 

References: 
1) Alam, F. et al., Mater. Sci. Eng. B 2019, 241, 82-91., 2) Stankovich, S. et al., Nature 2006, 442, 
282-286., 3)Yan, X. et al., Ind. Eng. Chem. Res. 2023, 62, 7950-7961., 4) Chammingkwan, P. et al., 
Front. Chem. 2018, 6, 524. 
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Nanoscale analysis of microbial cell wall structures by AFM 

Microorganisms and plants have cell walls that encircle their cells and execute diverse functions 
by generating turger pressure inside the cell. For instance, in Colletotrichum Orbiculare, which 
is one of a type of plant-SDWKRJHQLF�IXQJXV��VSRUHV�GL⒐HUHQWLDWH�LQWR�DSSUHVVRULXPV�RQ�WKH�SODQW�
surface and make a turger pressure to punch a hole in the plant cell wall for mycelium to invade. 
The cell wall structure of the appressorium that supports such strong turger pressure attracted 
H[WHQVLYH� LQWHUHVW� IURP�QXPHURXV� UHVHDUFK�rHOGV�� ,Q� WKLV� VWXG\��ZH�visualized the nanoscale 
structures of appresorium cell walls using atomic force microscopy (AFM). We used appressoria 
of Colletotrichum Orbicular with both wild-type and melanin mutant (where the melanin gene 
was knocked out) as our model sample. Melanin mutant cells are known to have lower turger 
pressure in the appressorium than wild-W\SH�FHOOV��DQG�ZH�H[SHFWHG�GL⒐HUHQFHV�LQ�WKH�FHOO�ZDOO�
structures. The appressoria were grown on a plastic dish and immersed in ultrapure water. We 
performed AFM measurements using a NanoWizard4 (JPK, Bruker) and 240AC (OPUS) 
cantilever. High resolution AFM images of the cell wall surface of both wild-type and melanin 
mutant appressoria in Fig. 1c-d, revealing the detailed rEURXV�VWUXFWXUHV�of the cell wall with a 
UHVROXWLRQ�RI�OHVV�WKDQ����QP��2XU�DQDO\VLV�IRXQG�WKDW�WKH�GLDPHWHU�RI�WKH�rEURXV�VWUXFWXUHV�ZDV�
larger in the wild-type cell wall than in the melanin mutant and that globular structures with a 
size of several tens of nanometers were present in the wild-type cell wall, forming a robust 
membrane structure that creates strong turger pressure inside the appressorium. This method 
provides new insights into the mechanism by which cell wall can form such high turger pressures 
DQG�FRQWULEXWH�WR�WKH�rHOG�RI�ELRORJ\�DQG�PDWHULDOV�VFLHQFH� 

                
             

             
    

Keisuke Miyazawa, Kanazawa University,  
Contact: N�PL\D]DZD#VWD⒐�NDQD]DZD-u.ac.jp 

https://fukuma.w3.kanazawa-u.ac.jp/NewHP/index/index.html 

 

Fig. 1 AFM imaging of cell wall of the appresorium of Colletotrichum Orbiculare. 
�D�� %ULJKW� rHOG� RSWLFDO� PLFURVFRS\� LPDJH� DQG� �E-d) AFM images of appressorium of 
Colletotrichum orbiculare of (b-c) wild type and (d) melanin mutant, respectively. 
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Abstract 
Fuel cells are one of the most promising and green alternative technologies for decentralized 
energy conversion. However, the sluggish kinetics in the cathodic part, oxygen reduction 
reaction (ORR), remains a key challenge. Platinum (Pt), a commonly used material for ORR, 
has limitations beyond high cost and scarcity, such as durability issues and poisoning 
susceptibility. To overcome these issues, Pt is loaded on high-surface-area substrates like 
carbon black or carbon nanotubes to improve its performance and meet the energy demand.1,2 
The global challenge of Pt/C catalysts arises from precisely controlling the spatial distribution of 
Pt in a mesoporous carbon carrier, which hinders the understanding of the structural 
performance relationship. Metal-organic frameworks (MOFs) are ideal platforms for controlling 
the structural properties of derived carbon materials and are suitable for loading Pt in catalytic 
applications. Our research focuses on spatial control over Pt nanoparticles (Pt NPs) in UiO-66 
MOF—within the MOF framework or on its surface—to investigate how Pt positioning influences 
performance. Following carbonization and HF etching, the formed Pt/C catalysts were evaluated, 
revealing that Pt active sites remain intact without aggregation, with the MOF retaining its 
structural stability, even at high-temperature and rigorous etching conditions, highlighting the 
structural integrity of derived Pt/C catalysts. The embedded Pt NPs could restrict ionomer 
interaction and poisoning compared to Pt positioned on the surface, which is advantageous in 
ORR. The outcomes from this work not only emphasize MOF-based catalysts but also 
understand the structure-performance relationship, thereby creating a new pathway toward 
designing highly efficient next-generation sustainable energy materials. 

 
Figure 1. TEM images showing the Pt positioning at different locations of MOF-derived Pt/C catalysts. 
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Journey to the Nucleus 

Abstract 
Nucleus is the command center of the cell, mediating intracellular homeostasis, cellular processes, 
and more. Nucleocytoplasmic signaling is precisely regulated by nuclear pore complexes (NPCs). 
These NPCs, which act as selective permeability barrier, are megadalton-sized nanogates composed 
of about 30 distinct nucleoporins (Nups). NPCs exhibit complex structural organization, 
conformational dynamics, and functions. In addition to nucleocytoplasmic transport, NPCs play a 
crucial role in regulating gene expression. Due to their biological significance, NPCs are frequently 
exploited in pathological conditions including viral infections and cancers. Elucidating the complex 
properties of NPCs in nuclear transport and gene regulation is essential to decipher their 
fundamental roles, offering valuable insights for targeting NPCs in the treatment of various 
diseases. NPC structure has been extensively investigated using a combination of cryo-electron 
microscopy and AlphaFold. Current super-resolution microscopy techniques provide remarkable 
resolution for studying NPC dynamics by tagging them with fluorophores. Despite these 
advancements, direct visualization of NPC properties (native structure, structural dynamics, and 
nuclear transport) in real-time remains challenging. HS-AFM is a powerful, label-free scanning 
probe microscope that provides direct observation of biomolecules and organelles at the nanoscopic 
level with a high spatiotemporal resolution in real-time. Here, we investigate the key questions 
related to NPC structure and functions during the journey to nucleus using HS-AFM and life science 
approaches. We first summarize our previous studies, which include the conformational dynamics 
of fusion proteins during viral entry, disruption of nuclear transport by viral accessory proteins, and 
the native NPC structure of nuclei isolated from mouse brain tissue. We then report our current 
progress regarding the molecular properties of SARS-CoV-2 N protein and condensins, as well as 
the effect of LLPS inhibitor on NPC structure. Lastly, we propose developing biomimetic NPCs as 
a nanoscopic platform for studying nuclear transport of viral capsid using HS-AFM.  

Lim Kee Siang, WPI Nano Life Science Institute, Kanazawa University  
limkeesiang@staff.kanazawa-u.ac.jp 

https://researchmap.jp/NPC ; https://fsowonglab.w3.kanazawa-u.ac.jp/ 

Recent publications: 
1. Lim, K et al., Cell Host Microbe, 2024 

2. Sajidah, E.S., Lim, K et al., Cell Rep Phys Sci., 2024 

3. Dunajova, Z., Mateu, B.P., Radler, P., Lim, K et al., Nat Phys., 2023 

4. Nishide, G., Lim, K., J Phys Chem Lett., 2023 

5. Lostao, A., Lim, K et al., Int J Biol Macromol., 2023 

6. Lim, K et al., Nano Lett., 2023   



� �

�
�
�
�

Abstract 

Phosphoinositides (PI), a group of membrane-constitutive phospholipids, play an essential role in many 
aspects of neuronal function, but their distribution pattern on the neuronal membrane has remained 
unclear. In this study, we used SDS-digested freeze-fracture replica labeling method (SDS-FRL) to 

observe the distribution of phosphatidylinositol-4,5-bisphosphate (PI(4,5)P2), a stereoisomer of PI, on 
neuronal membranes of mouse cerebellum under a transmission electron microscope (Fig.1A & B). We 
found that PI(4,5)P2-labeling gold particles were distributed as nanoclusters on the cytoplasmic side of 
neuronal cell membranes. PI(4,5)P2 was accumulated in the active zone and associated with P/Q-type 

voltage-gated calcium channels (CaV2.1) at the presynaptic boutons of parallel fibers (Fig.1C), indicating 
that PI(4,5)P2 regulates neurotransmitter release. PI(4,5)P2 was associated with the metabotropic 

glutamate receptor mGluR1α in the dendritic spine membranes of PCs. The placement of PI(4,5)P2 
clusters near mGluR1α possibly contributes to the efficient production of second messengers by 

activating mGluR1α and subsequent hydrolysis of PI(4,5)P2 by PLCβ. PI(4,5)P2 is also co-localized with 
GIRK3, a G protein-gated inwardly rectifying potassium channel subunit, indicating the regulation of the 
PC excitability by PI(4,5)P2. These results demonstrate that visualization of PIs at the nanoscale level by 
SDS-FRL and spatial analysis of their association with neuronal proteins provide important information 

to reveal the role of PIs in synaptic transmission. 
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Nanoscale analysis of phosphoinositide distribution on cell membranes of 
mouse cerebellar neurons using SDS-digested freeze-fracture replica labeling 

�
Figure 1. SDS-FRL for PI(4,5)P2 labeling. (A) A schema of SDS-FRL. (B) PI(4,5)P2 labeling using a specific probe 
(PLCδ1-PH domain). (C) Distribution of PI(4,5)P2 (5 nm, clusters are indicated by red dashed lines) and CaV2.1 (15 nm) 
on PF bouton. Green indicates the active zone. Scale bar = 100 nm. 
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Abstract 
Excessive CO2 emissions are one of the most significant drivers of global warming, 
contributing approximately 76%, according to the Intergovernmental Panel on Climate 
Change (IPCC). Hence, converting CO2 into value-added chemicals is an important area of 
research concerning mitigating environmental impacts. In electrochemical CO2 reduction, 
sufficient potential has been shown by metal-organic frameworks (MOFs)-in particular 
Prussian blue analogs (PBA) family, due to the synergistic interaction of the bimetallic 
centers in enhancing catalytic activity and selectivity.1,2 In this work, Co-Fe PBA nanocubes 
are strategically modified in a two-step process: mild etching and then decoration with MoS2 
nanoflowers. Initial etching results in hollow nanocage structures that greatly increase the 
surface area and number of active sites. This hollow architecture improves mass and 
electron transport by maximizing exposure to catalytic sites for the effective adsorption and 
conversion of CO2. The subsequent decoration with MoS2, well known for its catalytic 
activities in electrochemical reduction, further improves the activity of the modified PBAs 
due to the introduction of abundant edge sites for interaction with absorbed CO2. Figure 1 
shows the morphological evolution of the designed catalyst. The overall improvement in 
performance comes from the combined roles of the etching and MoS2 decoration, 
contributing to the structural and electronic modifications working together to make the 
catalyst more effective at facilitating the complex reactions needed to reduce CO efficiently. 
This work underlines the potential in the design of hybrid PBA-based materials, enabling the 
overcoming of some critical challenges in technologies for CO2 conversion. 

 

 
 
 

Figure 1: Schematic representation of designing etched-PBA-MoS2 for CO2 reduction 
reaction. 
References: 
1. Mukherjee, P., Sathiyan, K., Bar-Ziv, R. & Zidki, T. Chemically Etched Prussian Blue Analog–WS2 

Composite as a Precatalyst for Enhanced Electrocatalytic Water Oxidation in Alkaline Media. 
Inorg Chem 62, 14484–14493, 2023. 

2. Mukherjee, P., Sathiyan, K., Vishwanath, R. S. & Zidki, T. Anchoring MoS2 on an ethanol-etched 
Prussian blue analog for enhanced electrocatalytic efficiency for the oxygen evolution reaction. 
Mater Chem Front 6, 1770–1778, 2022. 

  



                                         
 
                                         

 Revealing Submolecular Structures with 3D-AFM: Applications in 
Polysaccharide Nanocrystals and Peptide Assemblies 

Three-dimensional atomic force microscopy (3D-AFM), developed by Fukuma et al., has emerged as a 

standout technique, providing unique structural information for various surfaces, interfaces, and 

nanostructures with unprecedented detail, reaching molecular and atomic scales [1]. In my research, 3D-

AFM was used for two different applications: revealing the submolecular hydration structures around 

polysaccharide-based nanocrystals (e.g., chitin and cellulose) in water [2,3], and visualizing the 

molecular organization of water on 2D self-assembled peptide nanocrystals on graphite [4,5,6]. We 

found that the structured water layer extends approximately 15 Å from the peptide surface, exhibiting a 

transition from crystalline to semicrystalline and glassy states before merging into bulk water. Notably, 

this hydration shell dynamically adapts to the physical topology and chemical domains of the peptide 

surface. These results demonstrate that 3D-AFM is a valuable technique for understanding solvation and 

hydration in bionanomaterials, highlighting the significant role of water in protein structure and 

function, and paving the way for future advancements in peptide design for specific applications [7]. 

 

 

 

 

 

 

 

 

 

 

Figure 1: 3D-AFM images at polysaccharide NCs-water and peptide-water interfaces. 
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Laminins are trimeric glycoproteins with important roles in cell-matrix adhesion and tissue 
organization. The laminin α, ß, and γ-chains have short N-terminal arms, while their C-termini are 
connected via a triple coiled-coil domain, giving the laminin molecule a well-characterized cross-
shaped morphology as a result. The C-terminus of laminin alpha chains contains additional globular 
laminin G-like (LG) domains with important roles in mediating cell adhesion. Dynamic 
conformational changes of different laminin domains have been implicated in regulating laminin 
function, but so far have not been analyzed at the single-molecule level. High-speed atomic force 
microscopy (HS-AFM) is a unique tool for visualizing such dynamic conformational changes under 
physiological conditions at sub-second temporal 
resolution. After optimizing surface immobilization 
and imaging conditions, we characterized the 
ultrastructure of laminin-111 and laminin-332 using 
HS-AFM timelapse imaging. While laminin-111 
features a stable S-shaped coiled-coil domain 
displaying little conformational rearrangement, 
laminin-332 coiled-coil domains undergo rapid 
switching between straight and bent conformations 
around a defined central molecular hinge. 
Complementing the experimental AFM data with AlphaFold-based coiled-coil structure prediction 
enabled us to pinpoint the position of the hinge region, as well as to identify potential molecular 
rearrangement processes permitting hinge flexibility. Coarse-grained molecular dynamics simulations 
provide further support for a spatially defined kinking mechanism in the laminin-332 coiled-coil 
domain. Finally, we observed the dynamic rearrangement of the C-terminal LG domains of laminin-
111 and laminin-332, switching them between compact and open conformations. Thus, HS-AFM can 
directly visualize molecular rearrangement processes within different laminin isoforms and provide 
dynamic structural insight not available from other microscopy techniques. 
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Fig.: Investigating laminin ultrastructure by HS-
AFM. Adapted from Akter et al. IJMS 2024. 
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Abstract 
Polymer blends, consisting of two or more polymers, can achieve varieties of properties 
unattainable with homopolymers, where it is critical to determine the phase structure as it 
has dictated the overall material performance. The transmission electron microscopy has 
limitations in distinguishing between polymers composed of light elements, making analysis 
challenging. In this study, we propose using atomic force microscopy (AFM) for phase 
structure analysis. AFM enables to measure not only the surface roughness but also the 
nanomechanical, thermal, and electrical properties, etc.1-3 Machine learning (ML) is an 
effective tool for batch processing these multimodal images efficiently and accurately. We 
present a method that combines ML with AFM multimodal mapping images to specify phase 
structures. We applied this approach to a ternary polymer blend of polypropylene (PP), high-
density polyethylene (HDPE), and polyolefin elastomer (POE). The phase structure of the 
ternary blend was successfully identified using ML clustering techniques applied to 
appropriately processed multimodal images. 
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Abstract 

Collapsin Response Mediator Protein 2 (CRMP2) plays a crucial role in microtubule 
dynamics and is involved in many cellular processes in neurodevelopment and cancer. 
While two CRMP2 isoforms exist (CRMP2A and CRMP2B), their specific functions in 
microtubule organization remain incompletely understood. This study employs high-
speed atomic force microscopy (HS-AFM) to investigate the nanoscale interactions 
between CRMP2 isoforms and microtubules.  
We utilized HS-AFM to directly visualize and investigate the dynamic interactions 
between CRMP2 isoforms and microtubules. Our results reveal that CRMP2A exhibits a 
distinct capacity to crosslink microtubules, a feature not observed in the other isoform 
CRMP2B. This crosslinking ability of CRMP2A was found to significantly impact 
microtubule organization and stability. 
This study demonstrates the power of HS-AFM in elucidating the nanoscale mechanisms 
of protein-microtubule interactions and highlights the distinct functional roles of CRMP2 
isoforms in microtubule organization. These insights contribute to our understanding of 
cellular processes and may have implications for disorders associated with cytoskeletal 
abnormalities. 
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Abstract: Direct manipulation of biomolecules without the need for fluorescent labels or tethers is a topic 
of enduring interest. This study provides an alternative approach for trapping and directly measuring the 
conformational energy changes of single unmodified proteins using metamaterial plasmonic tweezers, 
while paving the way for label-free characterization of biomolecules at single-entity levels. 

Summary: Although plasmonic nanotweezers can achieve manipulation on a scale smaller than 
the diffraction limit of light microscopy, direct trapping of sub-10 nm bioparticles in an aqueous 
environment without modifications remains challenging.1 Here, we introduce a hybrid Fano-
resonant metamaterial plasmonic tweezers (MPT) to exhibit stable nano-trapping.2-3 We present 
the heat generation mechanisms, from light-to-heat conversion, over the MPT’s surface and review 
how to effectively transfer this photothermal heating to load and trap single enzymes in real-time.4 
We find that a steep temperature gradient, generated near the hot-spot region of the MPT, can 
provide additional degrees of freedom in particle/protein trapping and manipulation. By analyzing 
the spatial probability distribution of trapped particles, we observe that we can distinguish 
dielectric particles from biomolecules. Many trapping sites are activated simultaneously which 
determines the intrinsic potential energy landscape of trapped proteins, and can potentially help us 
to quantify changes in the conformation dynamics of the urease molecules. We believe this 
photothermal-assisted trapping approach will open new opportunities for developing 
ultrasensitive, label-free detection and provide a transformative tool for direct protein 
characterization at the single-molecule level. 
Keywords: Conformational changes, Metamaterials, Plasmonic tweezers, Single nanoparticle 
and Enzyme trapping. 
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Abstract:  
In eukaryotic cells, the actin cytoskeleton is a remarkable multifunctional system. The morphology of the 
cells is strongly determined by the contractile actomyosin cytoskeleton, which includes actin filaments 
and motor proteins of the non-muscle myosin II (NM II) class. 
 
NM II is an actin-binding protein that crosslinks actin fibers and provides contractile properties. The three 
mammalian NM II isoforms—NMIIA, NMIIB, and NMIIC—have both overlapping and unique properties in 
cells [1]. Knocking out (KO) the NMIIA protein disrupts the organization of stress fibers (SF) and the 
elongation of focal adhesions (FA). The main function of NMIIA is to dynamically generate tension in cells. 
Additionally, NMIIB contributes to elastic stability, while NMIIC mediates tensional homeostasis. Optical 
microscopy shows that NMIIA KO cells and NMIIB KO cells exhibit smaller FAs. Moreover, NMIIA KO 
cells display a lower density of FAs [2]. However, the ultrastructure of FAs and SFs in these KO cells 
remains unknown. Studying the ultrastructure can provide more insights into the organization of SFs in 
NMIIA, NMIIB, and NMIIC KO cells. 
 
Atomic force microscopy (AFM) can be used to explore the ultrastructure and topography, helping us 
understand intracellular structures. To study stress fibers inside cells with AFM, the first step is to remove 
the cell membrane without causing significant damage. A common technique for membrane removal is 
de-roofing, which involves introducing ultrasonic bursts to the cells [3]. We use this technique to remove 
the cell membrane, allowing us to characterize the topography and mechanical properties of intracellular 
structures such as SFs. In this study, we use the NMII KO system to investigate the molecular 
mechanisms of NMII-driven contraction in stress fibers. To better understand the ultrastructure of SFs, 
we use micropattern to normalize cellular phenotypes. In conclusion, understanding the role of different 
NMII isoforms will enhance our insight into cell migration and cytoskeleton remodeling. 
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Abstract 

Although a few nanomedicines have been approved for clinical use, acknowledging the 
improved safety given by their propensity of site-specific accumulation, their improved 
efficacy over conventional drugs has remained marginal. One of typical drawbacks of 
nanocarriers is low drug-loading capacity that leads to insufficient efficacy, and requires an increase in 
dosage and/or frequency of administration, which in turn increases carrier toxicity. In contrast, 
elevating drug-loading would cause the risk of nanocarrier instability resulting in low efficacy and off-
target toxicity. This dilemmatic issue has imposed constraints on the design and development of 
nanocarriers.  

We have pioneered the green tea catechin-based nanocarriers comprised of synthetic derivatives of 
epigallocatechin-3-O-gallate (EGCG), a key ingredient of green tea for treatment of intractable diseases 
including cancer. The nanocarriers encapsulated various types of drugs (protein, peptide, small 
molecule drug, and nucleotide) facilitating high drug loading via hydrophobic interaction, hydrogen 
bonding and π-π stacking, etc., and synergized with the loaded drugs due to the intrinsic therapeutic 
activities derived from EGCG, producing amplified therapeutic efficacy. By this approach, superior 
therapeutic outcomes and/or dosage reduction was attained, besides site-specific accumulation. Our 
study showed that EGCG-based nanocarriers would provide a remedial approach to address various 
critical limitations of current therapies and nanomedicines such as modest efficacy, adverse 
effects and carrier toxicity as a universal platform. 
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Abstract
The neuronal post-synapse comprises of nano-scale domains that are precisely opposed to the pre-
synaptic neurotransmitter release sites. This nano-scale assembly of post-synaptic receptors and 
scaffold proteins has been found to be essential for proper synaptic function. However, the 
biophysical mechanisms that retain receptors and scaffold proteins at the post-synapse are not well 
understood. Specifically, a mechanism that can induce clusters of PSD95, a key scaffold protein, at 
low concentrations, such as those expected before the formation of functional post-synapses, and 
which can induce long-term retention of post-synaptic receptors, remains to be described.
Here, we demonstrate that SynGAP forms liquid-liquid phase-separated condensates through 
homophilic interactions mediated by its intrinsically disordered region as well as its C-terminal 
coiled-coil domain, both in vitro as well as in cultured cells. SynGAP recruits PSD95 into these 
condensates by way of its PDZ-binding motif at its C-terminus, and the recruited PSD95 in turn 
allows recruitment and immobilization of receptors such as Neuroligin and AMPA receptors (via 
TARPs). Interestingly, the monomeric mutant of Neuroligin exhibits impaired recruitment to the 
post-synapse. Further investigations then reveal that oligomerization of Neuroligin, and TARP-
AMPA receptor complex, enhances the anchorage of these molecules in the SynGAP condensates 
containing PSD95, compared to monomeric Neuroligin and TARP.  We also reveal that 
phosphorylation of SynGAP by CaMKII, primarily at serine residues in SynGAP’s intrinsically 
disordered region, suppresses condensate formation.
Taken together, these discoveries show how liquid-like assemblies of SynGAP can recruit PSD95 
molecules and retain trans-membrane receptors like Neuroligin and AMPA receptors, depending on 
their oligomerization state, which could be essential for generating neuronal excitatory synapses. 
These SynGAP condensates are regulated by phosphorylation induced by the kinase activity of 
CaMKII. 
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