
The Society of Electron Microscope Technology

SEMT 
One Day Meeting
Wednesday 17th December 2014
at 
UCL School of Pharmacy

Society of Electron Microscope Technology  

Keeping you informed of the latest technology & techniques



The Society of Electron Microscope Technology

 

       
           
 
      
       
    

        
      
      
    

      
         
      
     
      
  

 




     
       
      


 
 
 
   
 
 
 
 
  



  
 

     
     
   

   





The Society of Electron Microscope Technology

Prospective members can be added to our 
Members List by contacting 
The Hon. Secretary
Mr. David McCarthy, 
UCL School of Pharmacy, 
Brunswick Sq. London WC1N 1AX

44 (0) 20 7753 5806; 
Email: d.mccarthy@ucl.ac.uk.

The annual subscription is FREE.
Our web site : www.semt.org.uk

Current committee members are listed below 
and are available for further information.

Officers

Chair           
Mrs. Heather Davies

Secretary    
Mr. David McCarthy

Treasurer    
Dr. Nicola Mordan    

Committee 
Mrs. Hannah Armer
Dr. Alex Ball
Dr. Asa Barber
Dr. Tony Brain
Mr. Steve Cham
Dr. Lucy Collinson
Mr. Terry Cooper
Ms. Ann Dewar
Mr. Dean Edwards
Mr. Chris Jones
Mr. Derrick Lovell
Mrs. Trish Lovell
Mr. David Robertson
Ms. Fiona Winning

Honorary Archivist    
Dr. Jill Lewis 

Future Programme 
One day Meeting, 16th December 2015

Acknowledgments

The SEMT wishes to express special 
thanks to UCL School of Pharmacy as 
host, and to the following companies for 
supporting the Trade Exhibition :

Agar, Agenda, Acutance, Bruker, Deben, 
EM Resolutions, Gatan, Jeol, FEI, ISS, 
Keysight Techniologies, Media Cybernetics, 
Carl Zeiss Ltd., Quorum Technologies, 
Taab, Leica, Indio Scientific, LOT, 
Oxford Instruments, Hitachi, Tescan, 
Tron-Tech Ltd. & 
The Royal Microscopical Society.

Additional Sponsorship

The Delegate Folders

Wine Reception 

 

   



The Society of Electron Microscope Technology

09.15   Registration, Tea/Coffee, Trade Exhibition  
09.55   Introduction: Chair, Heather Davies.  
10.00   ‘Bridging the gap : integrated Light and Electron Microscopy’                   
  Chris Peddie - CRUK, London 
10.35   The answer is in the small print: Interesting renal biopsy case presentations’
             Catherine Horsfield - Guy’s & St Thomas’ Hospital.  
11.10   Tea, Coffee, Trade Exhibition. 
11.30    RMS Beginners Competition
               Reactive nucleolar and cajal body responses to proteasome inhibition in sensory   
  ganglia neurons 
               Ana Palanca Cunado - Oxford University

              “3D Modelling of specimens from SEM-derived photogrammetry”
               Philippa Job -  Exeter University

  “3D multi-Scale Visualisation of Complex Flocculated Natural Sediments”                   
                         Jonathan Wheatland - Queen Mary University

  “Imaging of Low Contrast Embedded HeLa Cells using FIB-SEM Tomography”
               Kseniya Shuturminska - Queen Mary University

12.10  Don Claugher Bursary Winners 2013
  Localisation and analysis of engineered silver nanoparticles in Selenastrum   
  capricornutum (P.subcapitata)
  Louise Helen Sogaad Jensen - KCL

          “Assessment of  agglomerate structure effects on throat deposition and pulmonary  
  drug delivery
           Irene Parisini - University of Hertfordshire (Hatfield)  

          Microbial analysis of dental-unit waterline biofilm ecology  
            Sham Lal - UCLAN

12.45  Extra-ordinary General Meeting followed by the Annual General Meeting  
13.10  Buffet Lunch, Trade Exhibition.   
14.30  Stages of Biofilm Formation by a Combination of Microscopical Methods
              Ruth Scully - Cardiff & Vale UHB University Hospital, Wales  
15.05   Graphene supports for electron microscopy 
                  Neil Wilson - Warwick University 
15.40   Tea, Coffee.  
16.00   Stones and Bones: the contribution of microscopy to the study of human    
  palaeontology
                  Isobelle De Groote - Liverpool University  
16.35    Mummies Old and New          
  Bill Edwards KCL   
17.10  Wine Reception

18.30   Conference Dinner

  



The Society of Electron Microscope Technology

www.tescan.com

Excellent Performance

Exceptional Value 

Expert Service    info@�������������                
                                                

High Resolution FEG SEM

TESCAN



The Society of Electron Microscope Technology

specimen preparation steps are still hurdles 
in the path to imaging utopia. With the recent 
development of integrated light and electron 
microscopes, a revolution in correlative 
techniques is afoot, and these instruments 
have the potential to increase the speed and 
precision of correlative experiments, whilst 
simultaneously widening accessibility. At the 
LRI, we are fortunate to have several of these 
new machines at our fingertips, including 
the iCorr integrated light and transmission 
electron microscope, and SECOM and 
Delphi integrated light and scanning electron 
microscopes.

In open defiance of progress, procedures 
for preserving fluorophores in specimens 
compatible with the vacuum of the electron 
microscope were until very recently dragging 
their reluctant heels behind the rapidly moving 
technological front line. We have developed 
a protocol to preserve cloned fluorophores 
in cells and tissues embedded in resin with 
sufficient contrast for electron imaging, and 
for the first time have shown that several 
fluorophores are stable and active in resin-
embedded cells in the vacuum of integrated 
light and electron microscopes. Here, I will 
outline our journey to these first proof-of-
principle results, and how super-resolution light 
microscopy and 3D electron microscopy could 
be integrated into future imaging workflows.

Christopher Peddie
EM Unit, London Research Institute, Cancer 
Research UK

Fluorescence microscopy is a fundamental 
tool in cell biology and provides powerful 
functional data. However, this information 
is typically limited to the distribution of the 
tagged protein. For a complete understanding 
of cellular function, the provision of some 
structural context is crucial. Ultrastructural 
information can be gained by venturing into the 
shadowed greyscale world of electrons, where 
the inherent resolution limit of light is no longer 
a problem. Indeed, protein localisation can 
itself be studied directly by electron microscopy 
using a variety of established immunolabelling 
techniques, each of which have their own 
merits; but, these methods are ultimately 
restricted by structural compromises and the 
availability of suitable antisera.

Correlative light and electron microscopy 
techniques have been widely adopted to 
sidestep these limitations, allowing direct 
translation of functional protein localisation 
data onto a detailed backdrop of cellular 
architecture. However, though these methods 
have been extremely successful in our hands 
and in other laboratories across the globe, the 
disconnection between imaging modalities, 
and requirement for complex intermediate 

Bridging the gap: integrated light and electron microscopy 

A: Light microscopy of GFP-C1 and mCherry-H2B in a 70 nm HM20 section using a widefield epifluorescence light mi-
croscope. A wide variety in expression level of both constructs is evident. B: Electron micrograph with overlaid GFP-C1 
signal acquired from a 200 nm HM20 section using the SECOM integrated light and scanning electron microscope. The 
fluorescent signal corresponds to the nuclear envelope and nucleoplasmic reticulum, and other membranous structures 
within the cytoplasm including Golgi stacks and endoplasmic reticulum. Scale bar – 2 μm.
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The answer is in the small print: Interesting renal biopsy case 
presentations.

Catherine Horsefield      
Guy’s & St. Thomas’ Hospital NHS trust

This talk consists of several interesting medical renal biopsy case presentations in which the 
electron microscopy played an integral role in reaching the diagnosis.
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Reactive nucleolar and Cajal body responses to proteasome 
inhibition in sensory ganglion neurons

Ana Palanca
Iñigo Casafont, María T. Berciano, 
Miguel Lafarga
Department of Biochemistry
University of Oxford

The dysfunction of the ubiquitin-proteasome 
system has been related to a broad array 
of neurodegenerative disorders in which 
the accumulation of misfolded protein 
aggregates causes proteotoxicity. The 
ability of proteasome inhibitors to induce 
cell cycle arrest and apoptosis has emerged 
as a powerful strategy for cancer therapy. 
Bortezomib is a proteasome inhibitor used 
as an antineoplastic drug, although its 
neurotoxicity frequently causes a severe 
sensory peripheral neuropathy. In this study we
used a rat model of bortezomib treatment to 
study the nucleolar and Cajal body responses 
to the proteasome inhibition in sensory 
ganglion neurons that are major targets of 
bortezomib-induced neurotoxicity. Treatment 
with bortezomib induced dose-dependent 
dissociation of protein synthesis machinery 

1. (chromatolysis) and nuclear retention of 
poly(A)RNA granules resulting in neuronal 
dysfunction. However, as a compensatory 
response to the proteotoxic stress, both 
nucleoli and Cajal bodies exhibited reactive
changes. These include an increase in the 
number and size of nucleoli, strong
nucleolar incorporation of the RNA precursor 
5′-fluorouridine, and increased expression of 
both 45S rRNA and genes encoding nucleolar 
proteins UBF, fibrillarin and B23. Taken 
together, these findings appear to reflect the
activation of the nucleolar transcription in 
response to proteotoxic stress.
Furthermore, the number of Cajal bodies, a 
parameter related to transcriptional activity, 
increases upon proteasome inhibition. We 
propose that nucleoli and Cajal bodies are 
important targets in the signaling pathways that
are activated by the proteotoxic stress 
response to proteasome inhibition. The
coordinating activity of these two organelles 
in the production of snRNA, snoRNA and 
rRNA may contribute to neuronal survival after 
proteasome inhibition.

TronTech Ltd
    10 Talon Court
    Falcon Way
    Eagle Business Park
    Yaxley
    Peterborough
    PE7 3FW

Due to continued expansion and a demand for good 
quality scientific instrumentation Tron Tech Limited 
have now out grown their premises in Rendlesham 
and Stamford. We have grown successfully and 
consistently over the past few years and require 
the use of a purpose built facility to house the 
latest equipment. 
The new site offers a blank sheet to work with and 
a fresh modern approach to construction. There is 
an excellent road network, being 10 minutes from 
the main A1M, and good rail connections.This new 
property will be open for equipment demonstrations 
towards the end of this year. 

Products include Scanning Electron Microscopes, 
X-Ray Micro Analysis, Coating units and TEM’s.From 
Universities to major corporations we can provide 
sales, installations and warranty followed byservice 
contracts to suit all needs. 
Combining expertise in electronics and mechanical 
engineering we are uniquely positioned to 
provideclients with a comprehensive package to suit 
their needs. Understanding our customer requirements 
we can help clients achieve great results.

Please see www.tron-tech.co.uk for further details.
  
Talon Court, Peterborough  
Tel/Fax +44(0) 1780 766736  
Mobile: +44(0) 7836 793364  
Accounts/Service 
ken.swanson@tron-tech.co.uk 
E-mail:  info@tron-tech.co.uk 

Iken House, Rendlesham, Suffolk
Tel: +44(0)1394 420611
Fax: +44(0)1394 420951
Mobile: +44(0)7711 718712
Sales: da@tron-tech.co.uk
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3D modelling of specimens from SEM-derived 
photogrammetry

Philippa Job           
University of Exeter

Photogrammetry uses trigonometry to 
determine the location of a point in space by 
calculating its offset based on measurements 
taken from images captured at different angles. 
Although microphotogrammetry has been used 
since electron microscopy’s inception, use 
with the Scanning Electron Microscope has 
been limited to capturing images tilted along 
a single axis. More recently, the acquisition of 
multi-angle analyses have been automated 
by using the four quadrants of a multi-sector 
backscattered electron detector independently 
to collect images of a static sample from 
different angles.
Here the full scope of the Scanning Electron 
Microscope’s tilt and rotate functions have 
been utilised to capture a series of over a 

hundred images tilting around multiple axes. 
The large range of angles allows a much 
more complete reconstruction of details under 
the overhang, which would previously have 
been seen to ‘merge’ with the background. 
The capabilities of three photogrammetry 
programmes were explored: Visualsfm, Agisoft 
Photoscan and Insight3D. This software, 
originally developed for use with digital 
cameras, was used to align the images and 
then create a dense cloud from which a mesh 
is formed and a texture built.
The consequent detailed 3D model has a 
range of potential applications. For example 
it can be used for morphometric analysis of 
features too small to be accurately captured 
by laser scanning, micro-CT or confocal 
microscopy. These features can ultimately be 
3D printed.

2.
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3D Multi-Scale Visualisation of Complex Flocculated 
Natural Sediments 

Jonathan Wheatland 1*, 
Kate Spencer 2, Ian Droppo 3, 
Simon Carr 2 and Andy Bushby 1

1 School of Engineering & Materials Science, 
Queen Mary, University of London, UK
2 School of Geography, Queen Mary, University of 
London, UK
3 National Water Research Institute, Environment 
Canada, Ontario, Canada
* Corresponding author: j.a.t.wheatland@qmul.
ac.uk

Within natural fluvial environments, fine 
suspended sediment (< 63 μm φ) is primarily 
transported as flocs, the products of a range 
of inter-related physical, chemical and 
biological interactions which serve to bring 
individual particles together in a process 
known as flocculation. Understanding the 
physical characteristics of sediment (e.g. 
size, shape, density, and settling velocity) 
is critical to determining their transport 
behaviour and the stability of settled deposits. 
However, flocs have complex structures with 
different characteristics at length-scales from 
millimetres to nanometres. 

Flocs may consist of many thousands of 
individual particles both inorganic and organic 
in nature, whose small size and tendency 
to interact with their surrounding medium 
results in highly irregular porous structures the 
properties of which may span several orders 

of magnitude in scale. This, in addition to their 
three-dimensionality (3D) and inherent fragility, 
makes their characterisation problematic. 
Modifying preparation procedures developed in 
cell biology (e.g. chemical fixation, dehydration 
and embedding in hydrophobic resin) has 
allowed recent studies to stabilise fragile 
flocs for analysis via correlative microscopy, 
a strategy combining conventional optical 
microscopy, and transmission electron 
microscopy (TEM). Whilst this strategy has 
proven insightful, permitting the investigation 
of floc properties at the gross (> 1 µm) and 
sub-micron scale, the two-dimensionality (2D) 
and lack of overlap between techniques has 
meant that their true nature remains elusive. 
Recent advances in 3D analysis technologies 
provide a solution to this problem in the form 
of 3D micro computed tomography (3D µCT) 
and focused ion beam scanning electron 
microscopy (FIB-SEM tomography).

In the present study these new techniques 
are combined with TEM data to allow a truly 
correlative investigation to be conducted, 
the result of which is that the 3D properties 
of flocs at all relevant spatial scales are 
visualised for the first time. Preliminary findings 
demonstrate the complex nature of flocs, the 
characteristics of which vary according to scale 
of observation. Primary particles are organised 
into multiple discrete ‘bundles’ of varying size 
linked loosely together by bridges of organic 
and inorganic matter (figure 1). Only by 
applying this correlative technique, can such 
complex multi-length scale structures be 
fully understood.

3.

Figure 1. Image a) Shows the reconstruction 
of the stained and embedded floc sample 
acquired using 3D µCT; voxel size 10.06 µm. 
The red plane highlights the location of the 
microtomed surface of the block (b, BSE image 
montage of block surface) from which TEM thin 
foils and FIB-tomography data were acquired. 
The blue square in image b) highlights the 
area from which a ~15 µm3 volume was taken 
using FIB-tomography. Image c) shows a sub-
volume of this in which individual platelets are 
arranged around an organic core 
(voxel size 15 nm). 
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Imaging of Low Contrast Embedded HeLa Cells using 
FIB-SEM Tomography

Kseniya Shurturminska1*, 
Chris Peddie2, Lucy Collinson2, Andy Bushby1
1The NanoVision Centre, Queen Mary University of 
London
2Cancer Research UK London Research Institute
* Corresponding author: k.shuturminska@qmul.ac.uk

For correlative light and electron microscopy 
(CLEM) of cells, there is now a focus on 
sample preparation techniques that preserve 
fluorescent markers and well-contrasted 
structure for electron microscopy (EM) 
simultaneously. However, in order to preserve 
fluorescent signals, there are compromises 
in heavy metal staining that lead to reduced 
electron contrast in the cells. Likewise, 
hydrophilic resins must be used to maintain 
the hydration shell around the fluorophore, 
but these resins are soft and easily degraded 
during electron imaging. The aim of this 
study is thus to optimise serial imaging in 
the Focused Ion Beam Scanning Electron 
Microscope (FIB-SEM tomography) for future 
3D CLEM of fluorescently labeled, low EM 
contrast cells. 

The imaging parameters and the sample 
geometry were adjusted such that 3D imaging 
of low contrast cells was possible. Initial 
imaging conditions used back-scattered 
electron contrast at high electron beam 
currents, in this case 4 nA, and a relatively low 
voltage, 2 kV. These imaging conditions gave 
rise to charging of the sample during prolonged 
exposures. The sample was polished such that 
a sharp corner was made where the cell layer 
was embedded. This preparation meant that 
the corner of the sample could be completely 
milled away, removing the beam stop for the 
ion beam path, hence reducing re-deposition 
and, consequently, charging of re-deposited 
material.  Lastly, the cells are not visible until 
they have been sliced into. Therefore, to 
ensure a high probability of capturing a whole 
cell, a volume significantly larger than one cell 
was imaged.

The use of the FIB-SEM technique was 
successful in providing tomography data of 
low contrast embedded HeLa cells (Fig. 1). 
The tuning of the electron beam parameters 
enabled collection of images with sufficient 
resolution to identify sub-cellular organelles 
like the nucleus and mitochondria, even with 
low z-contrast in the cells (Fig.  2).

4.

Figure 1.  3-D Reconstruction from FIB SEM data 
of low contrast resin embedded HeLa cells in HM20 
resin. Back-scattered electron beam parameters: 
2kV, 4nA. Ion beam parameters for slicing: 30 kV, 
3nA. Volume information: 1200 slices taken at 
length/slice: 0.018 μm, giving 18nm cubic voxels 
throughout a volume of 15000 μm3.

Figure 2.  BSE image of a resin embedded 
HeLa cell in the FIB SEM showing sub-cellular 
resolution (inverted contrast). Organelles including 
mitochondria, vesicles and Golgi stacks can be 
seen around the large nucleus. Image conditions: 
4nA, 2kV, 30000× magnification.  Scale bar 5 μm.
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The new JEOL GRAND ARM expands all fields of transmission electron 
microscopy in life and materials science.

Newly designed electron sources, lenses, correctors as well as redesigned 
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• Ultra high resolution imaging and analytics on a completely new level

• In-situ work with outstanding performance

www.jeol.com

Atomic Resolution Electron Microscope

For more information visit JEOL at IMC
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Beech wood, uncoated,  
0.5 keV, 100 µm image 
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1 keV, 50 µm image 

Graphene on SiO2, uncoated, 
0.5 keV, 25 µm image The Keysight 8500B FE-SEM offers: 

 Sub-10nm resolution at 1 keV  
 FE source ensures high brightness, high beam current, & long lifetime (10,000 hrs)  
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 New EDS Option offers flexible EDS analysis, at up to 15 keV energies   
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Localisation and analysis of engineered silver nanoparticles 
in Selenastrum capricornutum (P. subcapitata) 

Jensen LHS1
Vizcay GB2, Sørensen SN3, Hartmann NB3, 
Baun A3, Fleck RA2
1 Center for Electron Nanoscopy, Technical University of 
Denmark, DK (CEN)
2 Centre for Ultrastructural Imaging, King’s College 
London, UK (CUI)
3 Department of Environmental Engineering, Technical 
University of Denmark, DK (ENV DTU)

Silver nanoparticles have increased cytotoxic 
properties compared to larger particles. 
Reflecting these properties, engineered silver 
nanoparticles are now added to an increasing 
number of consumer products often labelled as 
anti-bacterial and these particles are presently 
considered the fastest growing nanotechnology 
application. Accordingly, silver nanoparticles 
are postulated to be released into the 
sewerage systems and wider environment in 
increasing quantities. There are concerns that 
they could be harmful to aquatic organisms 
and disrupt the balance of bacteria (involved 
in the breakdown and processing of biological 
waste) in wastewater treatment facilities. 
Whether the size-related enhancement in 
silver nanoparticle toxicity is solely due to an 
increased release of silver ions or related to 
additional mechanisms for toxicity is still a 

matter of conjecture since there are studies 
supporting both theories. 
Furthermore, nanoparticles pose problems in 
experimental ecotoxicology model systems 
because they are highly heterogeneous in 
suspension and over time undergo processes 
such as aggregation, sedimentation, 
dissolution and changes in surface chemistry 
[1] – thus altering the dose. Recently 
a modified short-term model has been 
suggested, which could potentially increase the 
accuracy of algal growth inhibition tests with 
silver nanoparticles [2]. 
However, toxic mechanisms remain to be 
further elucidated and the uptake/attachment 
mechanism of these nanoparticles in aquatic 
organisms on an ultrastructural level play an 
important part of this.  We are establishing 
methods by which to assess the nanoparticle 
interaction with Selenastrum capricornutum 
Printz (1913) CCAP 278/4 (Pseudokirchneriella 
subcapitata (Korschikov) Hindák 1990), a 
microalga which is routinely applied in eco 
toxicity tests. 
The work has focused on interaction of silver 
nanoparticles with P subcapitata and analysis 
of the nanoparticles. The bursary has been 
spent to establish collaboration between CUI, 
CEN and ENV DTU by sending a Danish 
postdoc to London for part of the analysis and 
sample preparation. 
We have developed and tested a number of 
protocols for FIBSEM and the 3View system 
with respect to contrast (figure 1) and cutting 
properties. Furthermore, we have evaluated 
the location of the silver nanoparticles. Finally 
we have addressed the formation of artifacts 
from the preparation methods and compared 
that to similar work performed in the water flea 
Daphnia magna. 
With this work we want to emphasize the 
importance for analysis, e.g. EDS of detected 
nanoparticles in nanotoxicology experiments.

[1] Hartmann et al, Aquatic toxicology 118-119 (2012) p. 1.
[2] Sørensen and Baun. Nanotoxicology (2014) Early Online: 1–9.
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Electron Microscope Technology. 
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King’s College London and Center for Electron Nanoscopy, 
Technical University of Denmark.

1.

Figure 1. Comparison of two of the protocols for 
contrast in the images (contrast levels normalized 
and compared using DigitalMicrograph®, Gatan 
Inc.) HFW 5.4 µm.
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Assessment of agglomerate structure effects on throat 
deposition and pulmonary drug delivery 

Irene Parisini, 
University of Hertfordshire

Asthma affect almost 6% of the UK population and novel inhaler devices has been developed. 
Cohesive (salmeterol xinafoate, SX) and adhesive (salbutamol sulphate, SS) balanced particle in 
presence of lactose (main excipient for inhalers) have been widely studies, although deposition 
of the particles for in vitro studies has not been fully investigated using scanning electron 
microscopy (SEM).The aim of the project was develop a sample capture and preparation method 
using aerodynamic fractionation in order to perform SEM-morphology analysis of the particles 
which deposit in the throat upon simulated inhalation and the fraction with potential for lung 
deposition, when using a novel inhaler. Different grades of lactose (fine and coarse) were used to 
prepare different types of formulations (Figure 1).

In Figure 1 the blends of cohesive and adhesive balanced particles are reported showing that 
agglomerates are created on the surface of the coarse lactose (left images). On the right hand 
side more “free agglomerates” are created on the surrounding area of the lactose suggesting 
that when energy is applied, the agglomerates would aerolise in a better manner than the 
agglomerates in the left hand side image. This would lead to a different lung deposition of the 
particles in the formulation. 

2.
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the additional efforts to clean the waterlines 10 (32%) of 
the water samples still exceeded the UK recommended 
threshold and two samples from surgeries that 
originally met the UK’s standards now exceeded the 
recommended threshold. These findings indicate that it 
is important to regularly monitor for the quality of DUWL 
output water.

The research next explored ways to develop more 
sensitive and rapid methods of testing the water from 
dental units. More recent research work has explored 
the potential of retraction valve failure to cause cross-
contamination of DUWLs with human pathogens. The 
results indicated the retraction valves were not failing.

The amoeba, Vermamoeba vermiformis is associated 
with DUWL biofilm ecology where they feed on 
mixed communities of bacteria. During grazing, 
they may come into contact with, and feed upon 
pathogenic bacteria such as, species of Legionella 
and Mycobacteria. Once engulfed, these pathogens 
can survive within the amoebal cell vacuoles and are 
given sanctuary from unfavourable environmental 
conditions and a place to multiply. The contaminated 
output water might be introduced into the oral cavity 
of immunocompromised patients or inhaled by 
dental professionals from the resultant aerosol. This 
constitutes a serious concern in the healthcare system 
and represents the greatest challenge to health care 
providers who are responsible for maintaining the 
quality of water and thus, for preventing potential risks 
in public outbreak of disease. 

Work from our laboratory previously reported amoeba, 
V. vermiformis, having been isolated from a clinical and 
a simulated experimental model of DUWL. Currently 
experiments are providing information as to the 
diversity of these protozoa contributing to the incidence, 
propagation and protection from biocides of pathogens 
that share the same ecological niche in the DUWL. 
The significance of this research lies in providing safe 
water in clinical services and the prevention of potential 
occupational health and public outbreaks.

Sham Lal (final year PhD student)
Affiliation: Oral & Dental Sciences Research Group, 
School of Medicine and Dentistry, University of Central 
Lancashire, Preston.

All surgeries depend on dental-unit waterlines 
(DUWLs) to supply water to dental drills and 3 in 
1 syringes during clinical treatment.  A DUWL is 
essentially a complex of tubes and valves that supplies 
clean water from a reservoir at one end to a dental drill 
or syringe at the other end, on demand.

In-between treatments, the water within the tubing 
remains stagnant and this allows the development 
of a biofilm that can survive recommended biocidal 
disinfection regimes used to clean the lines. Biofilms 
consist of a consortium of microorganisms, some 
of which can detach from the biofilm during the 
hydrodynamic conditions and shearing forces 
occurring within a water distribution system. Clumps 
of microorganisms that slough off from the biofilm 
become re-suspended in the water and thereby 
decrease the quality of output water from the DUWL. 
The Department of Health (UK) takes this problem 
very seriously and expects water from the DUWL to be 
of the same quality as that of drinking water.

When following the biocide manufacturer’s 
recommendations, the bacterial contamination 
of the water samples when measured using the 
culture method on R2A agar medium can vary 
significantly, ranging from clean (≤ 200 cfu/mL) to 
heavy contamination (1x106 cfu/mL), Out of 31 DUWL 
output water samples tested 16 (52%) exceeded the 
Department of Health, UK recommended threshold of 
≤ 200 cfu/ml. The remaining 15 samples (48%) met 
these standards. These results were reported to the 
participating dental practices with an additional re-test 
offered following cleansing procedures for their DUWL 
systems. The re-test results demonstrated that despite 

Fig. 1 Dental chair and its parts (1: water reservoir; 
2: A typical dental chair, red box denotes dental-unit 
waterlines or tubing (DUWLs); 3: Various high speed 
dental hand-pieces attached to DUWLs for dental 
treatment. (Images are taken from www.google.com)

3

Microbial analysis of dental-unit waterline biofilm ecology 

Fig. 2 SEM image of 
dental-unit water line tube.
       

Fig. 3 SEM image of biofilm 
within the lumen of the 
dental-unit waterline
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Stages of Biofilm Formation by a Combination of 
Microscopical Methods

Ruth M. Scully1 
Jan A. Hobot1, Mike Walker2
1Cardiff University, Cardiff, Wales
2ConvaTec, Deeside, Wales
The presence of biofilm is one of the leading 
causes of wound infections. This type of 
wound is both detrimental to the patient, 
as well as a drain on health budgets. A 
greater understanding of biofilm presence in 
wounds could lead to more effective wound 
care treatment and improvements in patient 
management. 

Methods:
This in vitro study used Pseudomonas 
aeruginosa to grow biofilm on different 
surfaces that would allow examination by a 
combination of Light Microscopy, Transmission 
Electron Microscopy, and Scanning Electron 
Microscopy (SEM). The bacteria were 
examined from 1 to 6 hours and at 24, 48 and 
72 hours. PET track-etched membrane cell 
culture inserts were selected for the growth 
films as the optimal surface for observing 
biofilms in the microscopy techniques chosen. 

Results 
From initial inoculation of planktonic cells, P. 
aeruginosa micro-colonies could be observed 
within 3 hours. Biofilm formation was shown 
to be independent of the initial inoculum 
concentration, and was well established within 
5-6 hours of incubation. Over a 48 hour period 
it was shown that there was a gradual increase 
in both size and depth of biofilm formation. 
Using both LM and TEM it was possible to 
observe at this stage, both nutrient/waste 
channels and the dispersal of bacterial cells at 
the surface. 

Conclusion:
These stages of biofilm growth observed in 
vitro can be correlated with our understanding 
of wound biofilm development and the link to 
infection. 
It demonstrates how rapidly a biofilm can 
form on a wound that has been infected by 
contact with planktonic bacteria, producing 
antimicrobially protected bacterial communities 
ready for dispersal to form new colonies.
From these studies it is possible to have a 
greater understanding of biofilm processes, 
which should help lead to novel, effective 
control strategies for biofilm prevention, 
removal and a resulting improvement in wound 
care treatment and patient management.

Fig 2. 24 hours: Established biofilm, visible 
channels allowing movement of nutrients/waste:

Fig 1. 48 hours: Maturation into thick biofilms with 
bacterial dispersal evident:
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Graphene supports for electron microscopy

Neil Wilson
Department of Physics, University of Warwick

Transmission electron microscopy (TEM) is a powerful tool for the analysis of nanomaterials 
and is a crucial element of structural biology. For wide ranges of nanomaterials, analysis in the 
TEM requires that they be deposited on a support material and the structural and compositional 
information that can be obtained is then also dependent on the support. The support films should 
be mechanically and thermally robust and electrically conductive (to avoid charging under the 
electron beam), whilst being as thin possible to give as little background contrast as possible. 
Traditionally thin (around 10 nm thick) amorphous carbon films have been used as support films. 
The amorphous structure of these films, and their thickness, significantly limits the resolution and 
contrast with which small nanoparticles or carbon-based materials can be analysed.
Graphene offers unique advantages as a TEM support material. It is extremely strong and 
conductive, thermally and chemically stable and at a crystalline monolayer of carbon offers the 
lowest background contrast possible. The crystalline structure of graphene has an additional 
advantage in that it provides an inbuilt calibration for both imaging and diffraction. Due to their 
high conductivity and strength, it has been found that graphene supports decrease beam damage 
in samples. For cryo-electron microscopy (cryo-EM), they stabilise thinner vitreous layers allowing 
imaging with lower background contrast and reduced charging. Using graphene-based supports 
has enabled high resolution imaging and analysis of nanoparticles, polymeric assemblies without 
the need for staining, virus and DNA samples by cryo-EM, and even the atomic resolution 
observation of the rotation of a single molecule.  I will present our work in this field, explaining 
how graphene supports can be simply applied to improve resolution and contrast for a wide range 
of samples and how they may allow novel analysis techniques.
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Stones and Bones: the contribution of microscopy to the study 
of human Palaeontology 

Dr. Isabelle De Groote 
Research Centre in Evolutionary Anthropology 
and Palaeoecology
School of Natural Sciences and Psychology
Liverpool John Moores University 

The field of human palaeontology, also 
known as palaeoanthropology, is the study 
of prehistoric humans. Together with the 
closely related disciplines of archaeology, 
palaeoecology and bioarchaeology, human 
palaeontology has undergone a scientific 
revolution using a social science and 
humanistic approach to one of scientific rigor 
in the natural sciences. This transformation 
has involved the adoption of cutting-edge and 
multidisciplinary scientific analytical methods, 
including CT scanning, microCT scanning, 
laser scanning microscopy, 3D laser scanning 
as well as SEM and ESEM technologies.

Anthropologists use SEM to provide a greater 
amount of information on ancient diet, human 

growth and development, causes of death and 
habitual activities. Also ESEM is increasingly 
used to study the composition of bone and to 
determine the inclusion of non-bone matter 
in bones of humans and animals alike. 
Nevertheless, the use of fragile specimens 
provides particular challenges to SEM and 
ESEM technologies. These must be overcome 
if we are to continue this drive to repeatable, 
non-destructive analytical techniques to the 
field of human palaeontology.

(A) CT-rendering of the apex of the experimental 
hammer, showing micro-topography of the use-
wear and the location of embedded flint chips 
(1e5, 7). (BeC) Apical CT cross-sections, showing 
fractured flint chip (5aeb) and cracks in the outer 
surface of the antler (white arrows). The higher 
density of the working surface (black arrows) is due 
tocompaction of the antler cortex. Scale: B ¼ 5 mm; 
C ¼ 1 mm.

(A) Photograph of the apical working area of the 
experimental antler hammer with embedded flint 
chips 4 and 5 (scale 10 mm). (B) SEM image of the 
hammer using backscattered electrons, with points 
analysed by energy dispersive X-ray spectroscopy 
(EDX; S1e7). The horizontal axis of the spectrum 
is the X-ray energy and the vertical axis is the 
total number of X-rays counted. The peak at zero 
keV is generated by the instrument electronics 
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“Mummies: Past and Present”

William G.J. Edwards    
Curator- Gordon Museum, Kings College, 
London Guy’s Campus

This lecture gives an overview of early 
mummies produced by a number of  cultures, 
including examples from ancient Egypt, 
South America, Europe, Siberia, Japan, New 
Guinea and China. Such mummies were made 
accidentally or deliberately and the techniques 
used to produce these mummies included 
drying, freezing and smoking.  
      
We will also look at the return and rise of 
mummification in the Modern age, with special 
attention to the recent award winning project 
involving Mr Alan Billis, which was inspired in 
part by unusual features observed  in x-ray and 
scanned images.   
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UCL School of Pharmacy, 
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