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Lasers Reveal the Secrets of Plant Cell Walls

Dr McKenna, Research fellow in Bioimaging at the University’s Department of Biological 
and Medical Sciences, said: “The investment in state-of-the-art microscopy systems at 
Oxford Brookes allows us to see structures in a way which we wouldn’t have believed 
possible 10 years ago. This combined with the extreme resolving power available at 
the Central Laser Facility allows us to monitor the movement of individual proteins, the 
machines of life, within the cell membrane.”

“For centuries light microscopy has 
been limited to a fi xed resolution by a 
law of physics. This meant we could 
not accurately characterise structures 
using a fl uorescent microscope 
which were under 200nm in size. 
Therefore, we were unable to even 
see these nanodomains within the 
membrane. However, over the last few 
decades a number of techniques have 
been developed which allow us to 
navigate our way past this resolution 
limit and characterise even smaller 
structures. The investment at Oxford 
Brookes allowed the renovation of 
a new centre for bioimaging and 
the purchase of two Zeiss Airyscan 
confocal microscopes, enabling us to 
see the nanodomains and characterise 
them in the plant membrane. 

The Bioimaging unit at Oxford Brookes is also a 
Zeiss labs@location partner, meaning we have 
a close relationship with Carl Zeiss in using 
the latest in imaging technologies. Airyscan 
imaging allows us to see down to 120nm 
resolution. However, while fantastic at imaging 
the nanodomains, we needed an imaging 
technology which could allow images to be 
taken much faster and allow us to determine 
the speed of their movement. 

For that, we turned to our colleagues and 
collaborators at the CLF and a technique which 
allowed us to image individual molecules 
moving through the membrane. This was called 
Total Internal Refl ection (TIRF) single particle 
imaging and tracking. The image acquisition 
and analysis pipeline available at CLF made this 
work possible and allowed us to determine the speed with which these nandomains moved 
within the membrane. The combination of the imaging facilities available at Oxford Brookes 
and the CLF and our long term collaboration made this work possible.”

The team of cell biologists at Oxford Brookes University used high-resolution microscopy 
methods to investigate the interaction between proteins and cell walls in plants. 

One of these proteins moves hormones between cells, helping determine how the plant 
will grow. Another lets plants respond to external threats, for example by detecting the 
presence of damaging micro-organisms, such as viruses, and activating the plant’s innate 
immune system. 

Scientists working at STFC’s Central Laser Facility (CLF) have found that the cell walls of plants play a more important role in regulating plant proteins than previously 
thought and this new research has the potential to lead to more disease-resistant crops.

The research, led by Dr Joseph McKenna from Oxford Brookes University, found that cell walls control a surprising number of plant functions via proteins within the 
cell. Cell walls act to protect the cell and provide its scaffolding. The research demonstrates that manipulating the cell walls could result in crops with higher yields or 
with a greater resistance to disease.
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Dr Dan Rolfe, Lead Data Scientist at Octopus said: “This is a great example of how 
multidisciplinary research is needed to address key challenges for humanity. A combination of 
advanced microscopy and analysis techniques originally translated from astronomy and applied 
to gain insights into human cancers has been applied in this plant research. And it has revealed 
a new understanding of plant biology which has important implications for food security.”

He added: “With the Octopus imaging cluster at CLF, it is possible to perform single 
molecule tracking where a thin layer of the surface of the cell in question is illuminated 
with the laser to image individual molecules or small numbers of molecules. This allows 
researchers to look at the paths molecules take in cells - how molecules move and if 
they get “stuck” or move freely. These capabilities, originally developed in Octopus to 
understand molecular interactions critical to the development and treatment of cancers, 
and incorporating analysis methods from astronomy, can now be used to further research 
in plant science, especially the dynamics of proteins in plants. Laser microscopy is useful 
because it can reveal in fi ne detail behaviours of specifi c molecules through time.”

Professor Stan Botchway is a senior scientist at CLF and STFC Biomedical Network Lead. He 
said: ”In this particular research, the research team combined the Octopus total internal 
refl ection fl uorescence (TIRF) single molecule microscope with a custom Bayesian analysis 
- a statistical procedure that extracts distribution based on the observed population - to 
track the single protein molecules.  TIRF is an excellent method to image very thin samples 
because it signifi cantly reduces the out of focus signal, which normally degrades the 
microscopy signal. This is usually a problem with trying to detect single separated molecules 
such as the proteins being investigated here. Although TIRF is mostly used for mammalian 
cells, the group have shown its applicability to plant research, which is unique.”

In the future, the research team aims to investigate how the properties of cell walls could 
be adjusted to alter how the proteins function, giving crops greater protection against 
pathogens and creating hardier plants. 

Professor John Runions of Oxford Brookes’ Department of Biological and Medicals Sciences 
said: “We can’t create new farmland so our only recourse is to make plants that produce 
food for us and our animals more effi ciently.”

This research was published in the Proceedings of the National Academy of Sciences doi: 
10.1073/pnas.1819077116  

The Octopus imaging cluster uses multicolour light sources to combine multiple beams, 
colours and timings. It is used to investigate major challenges in the life sciences.

RMS Hon Fellow 
Dr Shinya Inoué

Illustration, based on simulations, of the Trojan horse technique for 
the production of high-energy electron beams. A laser beam (red, 
at left) strips electrons (blue dots) off of helium atoms. Some of the 
freed electrons (red dots) get accelerated inside a plasma bubble 
(white elliptical shape) created by an electron beam (green). (Credit: 
Thomas Heinemann/University of Strathclyde).

A ground breaking technique that could produce an electron 
beam up to 10,000 times brighter than the most powerful beams 
today, has been developed by researchers from the UK and US. 
The fi ndings* could be particularly applicable for use in the next 
generation of more compact, more powerful particle accelerators, 
enhancing scientifi c applications.

Led by the University of Strathclyde’s Professor Bernhard Hidding, 
who is also a member of the STFC’s Cockcroft Institute, the E-21-: 
Trojan Horse experiment which was carried out at the US Department 

of Energy’s Stanford Linear Accelerator Center (SLAC) in California, 
involved releasing electrons from neutral atoms inside plasma, 
to produce a potentially much brighter, plasma-based electron 
source. Professor Hidding said:  “Our experiment demonstrates the 
feasibility of one of the most promising methods for future electron 
sources and could push the boundaries of today’s technology by 
orders of magnitude.”

The researchers also developed several auxiliary techniques, which 
would improve the quality and stability of their output beams and to 
harness the technique for applications.

In a forward-looking, complementary project funded by STFC, 
Professor Hidding and colleagues from UK and US are already 
exploring the benefi ts to be expected from ultrabright and 
ultrashort electron beams for X-ray free electron lasers and other 
light sources at CLARA, a particle accelerator designed to develop, 
test and advance new technologies for the next generation of 
particle accelerators and free-electron-lasers, at STFC’s Daresbury 
Laboratory. In conjunction with further R&D at SLAC’s FACET-II 
facility, the Scottish Centre for the Application of Plasma-based 
Accelerators (SCAPA) and the Central Laser Facility (CLF), these 
ultrabright beams may eventually allow production of X-ray pulses 
short and bright enough to allow observation of electronic motion 
inside atoms and molecules on their natural timescale.

Fuller details can be found at www.strath.ac.uk

*Published in Nature Physics
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Project could Inspire Next Generation 
X-ray Lasers and Particle Accelerators

The RMS was deeply saddened to learn of the death of one of its 
Honorary Fellows, Dr Shinya Inoué, at the age of 98.

A towering fi gure in the world of microscopy, Dr Inoué developed 
an international reputation as a groundbreaking cell biologist and 
microscopist, obtaining patents for specialised microscope optics 
that allowed scientists to see processes in living cells that no one 
had seen before.

He continued this throughout his career, perhaps most notably 
when he pioneered the fi eld of video microscopy, a revolutionary 
advance that ushered in a new era in biological research. His book, 
Video Microscopy, became the standard reference for the fi eld.

Among his many achievements and scientifi c awards, in 2003 Dr 
Inoué received the International Prize For Biology from the Emperor 
of Japan - one of the highest honours awarded to natural scientists. 
In spite of such acclaim, he remained humble, always encouraging 
and helping others.

Based in the United States, Dr Inoué worked well into his 80s at 
the Marine Biological Laboratory in Woods Hole, Massachusetts. In 
2016, he published his autobiography, Pathways of a Cell Biologist

Read more about Dr Inoué’s fascinating life and scientifi c 
achievements www.mbl.edu

 50527pr@reply-direct.com

Our articles are read by over 60,000 readers in print, online and via our Mobile App.

Interested in publishing a 

Technical Article?
Contact Gwyneth on

+44 (0)1727 855574
or email: gwyneth@intlabmate.com

ILM - Oxford Microscopy Article.indd   3 24/10/2019   11:21


