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Surpassing 
the resolution limit
The revolution in resolution brought about by 
super-resolution fluorescence microscopy

MALDI-MS Imaging
The Bruker UltrafleXtreme MALDI-TOF-
TOF Mass Spectrometer at the ULS has 
recently been upgraded with MALDI-MS 
imaging capability.   MALDI-MS imaging is 
a molecular imaging technique which allows 
for simultaneous determination of the mass 
spectrum and spatial distribution of molecules 
in biological samples.  This technique is 
suitable for thin samples, e.g., tissue sections 
of animals and plants, bacterial colonies and 
biofilms.  As it permits highly sensitive and 
specific detection and quantification of 
various molecules (e.g., lipids, proteins and 
drugs) simultaneously without any labelling, 
MALDI-MS imaging has become increas-
ingly important in a broad spectrum of life 
science research disciplines, including

3. Dr T. Lee’s group (ABCT) have identified 
AKR1B10 as a new downstream effector of IRAK1, 
and explored the feasibi l i ty to target the 
IRAK4/IRAK1/AP-1/AKR1B10 pathway for treating 
liver cancer.  Cancer Res. 78(9), 2332 (2018).

1. Prof. Y. Zhao’s group 
(ABCT) have made use of 
designed peptides to enhance 
Atg14L- and UVRAG-Beclin 
1 interaction, highlighting the 
potential to target Beclin 1 to 
regulate autophagy and 
endosomal trafficking.  PNAS 
115(25), E5669 (2018).

2. Prof. M. Yang and Dr C. Wen’s groups (BME) have 
demonstrated the use of MoS2 nanosheet-based fluores-
cent probes to detect miRNA expression in live cancer 
cells.  ASC Appl. Mater. Interfaces 10(1), 350 (2018).

4. Dr L. Lee’s group (ABCT) have introduced an 
antibiotic degradation method based on electrooxida-
tion catalysed by in situ formed Cu(OH)2 nanowires, 
offering a relatively low-cost but efficient approach 
towards wastewater treatment.  Appl. Catal. B-Environ. 
256, 117824 (2019).

CD and CPL Spectroscopy
The ULS has recently acquired a JASCO 
J-1500 Circular Dichroism (CD) Spectrom-
eter and a JASCO CPL-300 Circularly 
Polarised Luminescence (CPL) Spectrom-
eter.  CD is an absorption spectroscopic 
method that utilises circularly polarised light 
to study the structural aspects of a chiral 
molecule. Based on the differential absorp-
tion of left and right circularly polarised light, 
the stereochemical information of the 
molecule can be extracted.  On the other 
hand, CPL is a luminescence phenomenon 
that produces differential emission intensities 
of left and right circularly polarised light 
when a chiral molecule is excited by unpolar-
ised light; this provides information about the 
molecule in its excited state.  Comprehensive 
structural information can thus be obtained 
by collecting both ground- and excited-state 
data.  The JASCO J-1500 and CPL-300 
spectrometers available at the ULS are each 
equipped with a Peltier-thermostatted cell 
holder (which allows users to adjust the 
temperature from -30 to 130 °C), and are 
compatible with both solid and liquid 
samples with measurable ranges from 163 to 
1600 nm, and 250 to 800 nm, respectively.

biomarker discovery, cancer and disease 
diagnosis, treatment monitoring, neurosci-
ence and drug discovery.

Above: Model of a designed 
peptide binding to the Beclin 
1 coiled-coil domain. PNAS 
115(25), E5669 (2018)
Below: Confocal images of 
MCF-7 cells incubated with 
the ssDNA−MoS2−PEG−FA 
nanoprobe. ACS Appl. Mater. 
Interfaces 10(1), 350 (2018)
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Ion images showing the distribution of (left) 36:4 and (right) 
32:0 phosphatidylcholines (PCs) in a mouse kidney tissue 
section.  Image courtesy of P.K. So, ULS.
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The best resolution of conventional light 
microscopy is limited to ~200 to 250 nm due 
to the diffraction of light.  Super-resolution 
(SR) fluorescence microscopy overcomes this 
diffraction limit and allows scientists to 
observe and study subcellular or even molecu-
lar processes in greater detail.  The Nikon 
N-SIM/N-STORM/A1 Super-resolution/ 
Confocal Microscope at the ULS has recently 
been upgraded with a confocal scan head, 
allowing researchers to perform not only 
standalone SIM, STORM and confocal 
microscopy, but also correlative confocal-SR 
microscopy (see cover image overleaf; left, 
confocal; right, 3D-SIM).

In structured illumination microscopy (SIM), 
the sample is illuminated with a series of 
highly structured excitation light (e.g., a 
pattern of parallel lines).  This structured 
illumination is able to produce images that 
carry high-frequency information that lies 
beyond the diffraction limit.  Such information 
can subsequently be reconstructed using 
special algorithms as SR images with a lateral 
resolution of up to 115 nm.  One major advan-
tage of SIM over other SR techniques is that 
the sample preparation procedure is relatively 
simple and remarkably similar to that for 
standard fluorescence microscopy.

The revolution in resolution brought about by 
super-resolution fluorescence microscopy

The ULS is in the process of acquiring an 
additional triple quadrupole LC/MS system.   
Please stay tuned for updates from the ULS, 
and contact our staff if you have any recom-
mendations for future purchases.

Stochastic optical reconstruction microscopy 
(STORM) is a widely used single-molecule 
localisation microscopy technique.  In 
STORM, the sample needs to be densely 
labelled with photoswitchable fluorescent 
probes.  During image acquisition, the sample 
is bathed in an oxygen-scavenging imaging 
buffer.  The low-intensity activation laser 
stochastically activates a sparse subset of 
probes in the dark state, which are then excited 
with a strong readout laser and subsequently 
imaged.  The precise locations of the point-
spread functions of individual molecules are 
determined (based on photon output) before 
the probes switch back to the dark state.  This 
process is repeated for thousands of times to 
obtain enough localisation information to 
reconstruct a super-resolution image with a 
lateral resolution of up to 20 nm.

Standard STORM requires activator-reporter 
dyes and allows for multi-colour imaging, 
while the more popular direct STORM 
(dSTORM) is compatible with a number of 
commercially available fluorescent probes 
(e.g., some of the Alexa Fluor and Atto dyes). 

Schematic drawing of STORM single-molecule localisation 
microscopy using photoswitchable fluorescent probes.  The 
activation laser beam stochastically activates a subset of  
fluorescent probes, which are then imaged with the readout 
laser.  The localisation information of individual molecules 
is determined before the latter are photobleached.  The 
process is then repeated to image a new subset of probes.  
Adapted from D. B. Murphy, M. W. Davidson, Fundamen-
tals of Light Microscopy and Electronic Imaging, 2nd ed. 
(John Wiley & Sons, Inc., Hoboken, NJ, 2013).

dSTORM imaging of an HCT 116 colon cancer cell immuno-
labelled with a Tom20 antibody to visualise the mitochon-
dria.  In this example,  (a) single-molecule localisation was 
performed for 20,000 frames and the localisation data were 
subsequently processed to reconstruct a  (bi) STORM image.  
The area indicated by the blue bounding box in panel bi was 
enlarged and shown in panel bii.  Scale bars represent 2 µm.  
Image courtesy of M.Y.F. Yuen, ULS.
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ULS EQUIPMENT AT A GLANCE

• Bruker AmaZon Speed ESI-ion Trap-ETD MS
• Bruker UltrafleXtreme MALDI-TOF-TOF MS
• Agilent 6460 Triple Quadrupole LC/MS
• Agilent 6540 Quadrupole-TOF LC/MS
• QIAGEN Ingenuity Pathway Analysis So�ware
• Waters ACQUITY H-Class UPLC with QDa Mass

Detector 

Mass Spectrometry
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Super-resolution microscopy overcomes the diffraction limit 
and allows scientists to observe and study subcellular or even 
molecular processes in greater detail. This opens up new 
avenues in various research areas. The Nobel Prize in 
Chemistry 2014 was awarded jointly to Eric Betzig, Stefan 
W. Hell and William E. Moerner "for the development of 
super-resolved fluorescence microscopy". Image courtesy of 
Johan Jarnestad, The Royal Swedish Academy of Sciences.

Comparison of (left) wide-field and (right) 3D-SIM images 
of an MDA-MB-231 breast cancer cell labelled with 
phalloidin to visualise filamentous actin (F-actin; green) and 
anti-Tom20 to visualise mitochondria (red).  Nucleus is in 
blue.  Scale bar represents 5 µm.  Image courtesy of M.Y.F. 
Yuen, ULS. 

• Nikon N-SIM/N-STORM/A1 Super-resolu�on/
Confocal Microscope

• Nikon Eclipse Ti2-E Live-cell Imaging System
• Nikon SMZ1270i Fluorescence Stereo

Microscope
• Nikon NIS-Elements Image Analysis So�ware 
• Leica TCS SPE Confocal Microscope 
• Leica TCS SP8 MP Mul�photon/Confocal 

 Microscope
• Zeiss Lightsheet Z.1 Microscope
• Aviris Vision4D Image Analysis So�ware
• Imaris 3/4D Visualisa�on/Analysis So�ware
• MetaMorph Image Analysis So�ware

Fluorescence Microscopy

• BD FACSAria III Cell Sorter
• BD Accuri C6/FACSVia Flow Cytometers 
• Agilent Seahorse XFe24 Extracellular Flux 

Analyser
• FlowJo Single-cell Flow Cytometry Analysis

So�ware
• Invitrogen Countess II FL Automa�c Cell Counter

Cellular Analysis

• JASCO J-1500 Circular Dichroism Spectrometer
• JASCO CPL-300 Circularly Polarised 

 Luminescence Spectrometer 
• Bio-Rad Bio-Plex 200 Suspension Array System
• Malvern MicroCal PEAQ-ITC Automated

 Isothermal Titra�on Calorimeter

Biochemical Analysis

• Agena Bioscience MassARRAY Analyser 4
System 

• Applied Biosystems QuantStudio 7 Flex
Real-�me PCR System  

• Roche LightCycler 480 Instrument II Real-�me
PCR System

Genomics and Molecular Biology

• Drug Formula�on Facility
• Ber�n Technologies Precellys Evolu�on

Homogeniser 
• Labconco Refrigerated Vacuum Concentrator
• Thermo Scien�fic Cytospin 4 Cytocentrifuge
• Logos Biosystems X-CLARITY Tissue Clearing 

System
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• Perkin-Elmer IVIS Lumina Series III Pre-clinical
In Vivo Animal Imaging System

• FUJIFILM VisualSonics Vevo LAZR Mul�-
modality Imaging Pla�orm

• FUJIFILM Vevo LAB Image Analysis So�ware
• Promethion Metabolic Cage System

Small-animal Research
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