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The Biophotonics Group currently consists of five people with a comprehensive background in the fields of physics, microbiology, biomedical optics, and biochemistry. 

The activities of the group are primarily aimed at the development of light activated bio-nanodevices and at developing and improving various therapeutic medical applications of lasers. At present, these applications include Low Level Laser Therapy (LLLT), e.g. wound healing, and PhotoDynamic Therapy (PDT). 

The field of Biophotonics is relatively young in South Africa. Thus, in addition to the regular research activities, another main focus area of the Biophotonics Group is to strengthen the knowledge and the application of biophotonics techniques within South African hospitals, universities, and industry. This is accomplished by establishing courses, workshops and symposiums, and by setting up networks between the players within the field.
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Tissue Optical Properties and Light Propagation Modelling 
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One of the main research areas in the Biophotonics Group at NLC is modelling of light propagation in multiple scattering biological media. Such models are imperative in the development and improvement of a wide range of medical applications of lasers. These applications include both therapeutic and diagnostic techniques, e.g. Low Level Laser Therapy (LLLT), Photodynamic Therapy (PDT), non-invasive glucose monitoring, and various forms of cancer diagnostics. In the case of therapeutic applications, light propagation models are mainly used for dosage planning, i.e. planning how to deliver the right amount of light energy in the right place. While in the case of diagnostic applications, light propagation models are typically used to generate calibration models which in turn are applied to extract information on the tissue constituents from measured data in combination with various multivariate data analysis (chemometric) methods. 
Multi-layered models emulating e.g. skin tissue are well described in the literature and widely applied. The Biophotonics Group is currently working on expanding these models to include more detailed tissue structures such as blood vessels and tumours. 

In order to build a light propagation model for a given complex biological structure (e.g. the skin tissue sample shown in the figure) it is necessary to determine a set of basic optical properties for each tissue constituent of the structure, i.e. to measure the absorption and scattering characteristics. This is traditionally carried out using an Integrating Sphere (IS) setup for total transmittance and reflectance measurements on slab-shaped turbid samples, e.g. tissue slabs or fluids in a cuvette. However, the IS technique implies relatively large samples and that multiple light scattering takes place in the sample, which may pose problems with certain tissue samples. 
As a result of these limitations of the IS method, the Biophotonics Group is currently looking into other possibilities of determining the absorption and scattering properties of various tissue types, e.g. from cell monolayer- as well as single cell optical analyses. 

References: 

· "Real-time absorption and scattering characterization of slab-shaped turbid samples obtained by a combination of angular and spatially resolved measurements." 
J.S. Dam, N. Yavari, S. Sørensen, and S. Andersson-Engels, Appl. Opt. 44, 4281-4290 (2005). 
· "Fiber optic probe for non-invasive real-time determination of tissue optical properties at multiple wavelengths." 
J.S. Dam, C.B. Pedersen, T. Dalgaard, P. Aruna and S. Andersson-Engels, Appl. Opt. 40, 1155-1164 (2001). 
· "Multiple polynomial regression method for determination of biomedical optical properties from integrating sphere measurements." 
J.S. Dam, T. Dalgaard, P.E. Fabricius and S. Andersson-Engels, Appl. Opt. 39, 1202-1209 (2000). 
For further information please contact: Jan S. Dam 
Light Activated Bio-Nanodevices 

[image: image3.jpg]


Nanotechnology uses components on the nanometer scale, utilising and manipulating individual molecules or atoms to perform specific tasks. Almost every man-made device/component or system has a biological analogue. There is considerable interest in Biological molecules and systems due to the fact that they operate at the atomic/molecular level and often more energy efficient than artificial counterparts. It is a major challenge to extract and then re-assemble these components into an integrated working mechanisms. 

At the National Laser Centre we are developing a biologically based device that can controllably move a tube or rod in 8nm steps. The device has 3 sections or modules and uses the principles of: 

· photosynthesis 

· ATPsynthase ATP production 

· Kinesin motor protein movement 

section a - energy trapping (light harvesting) and transport. 
section b - energy conversion. 
section c - movement (can be an alternative component). 

Any devise to operate needs to be controllable. We have designed a possible architecture for a device which is:- - versatile - controllable - can be coupled to a variety of components. The three sections to this system can be used either:- - independently (modular) - integrated. 

Potential applications of this device are in: 

· drug delivery 

· precision nano-engineering (8 nm) 

· minimal invasive nano-surgery (retina, lungs, alimentary canal) 

· environmental clean-up. 

For further information please contact: Raymond Sparrow 
Low Level Laser Therapy and Wound Healing 
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A variety of strategies have been utilised for prevention and treatment of chronic wounds such as leg ulcers, diabetic foot ulcers and pressure sores. Low Level Laser Therapy (LLLT) at low fluence rates has been reported to be an invaluable tool in the enhancement of wound healing through stimulating cell proliferation, accelerating collagen synthesis and increasing ATP synthesis in mitochondria to name but a few. The effects of LLLT treatment display variations consistent with the treatment parameters, such as wavelength, power, power density, energy, energy density, treatment duration, treatment invention time post-injury and method of application. 

The beam profile study focuses on an in-vitro analysis of the cellular and molecular responses induced by treatment with four different laser beam profiles viz., the Gaussian, Super Gaussian, Truncated Gaussian and Bessel beam, on normal and wounded skin fibroblast cells (WS1), at 632.8nm using a Helium Neon (He-Ne) laser. The three time phases of wound healing are: first a substrate is laid down, and then cells start to proliferate, finally tissue remodelling occurs. Literature reports that laser bio-stimulation produces its primary effect during the cell proliferation phase of the wound healing process. Mitochondria have been demonstrated to be receptive to monochromatic near-infrared light and laser light to increase respiratory metabolism of certain cells. 

At cellular level, mechanisms of photo-biomodulation by red to infrared light are endorsed by the activation of mitochondrial respiratory chain components resulting in initiation of a signalling cascade which promotes cellular proliferation and cytoprotection. One of the primary objectives of this study would therefore be to identify the key molecules (photoacceptors) responsible for absorbing light at 632.8 nm when normal wounded and non-wounded human skin fibroblast (cell line WS1) are treated with laser light of the above mentioned beam shapes. Action spectra for different biological processes occurring as a result of laser irradiation will thereafter be compared to the absorption spectrum of potential photoacceptors to acquire knowledge of the actual primary photoacceptors of red light at 632.8 nm. 

References: 

· "Influence of Beam Shape on in-vitro Cellular Transformations in Human Skin Fibroblasts" P. Mthunzi, A. Forbes, D. Hawkins, A. Karsten and H. Abrahamse, SPIE Proc. vol 5876, p.(241-250) (2005). 

For further information please contact: Patience Mthunzi
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Biophotonics Events
 Invitation: Biophotonics Workshop and Colloquium on Lasers in Medicine 
 You are invited to the following events hosted by the Laser Research Institute, Physics Department, University of Stellenbosch. 
  I. Biophotonics workshop 
Date: Friday 20 May 2005 
Time: 08:30-13:30 
Venue: Lecture hall Delta, Merensky Building (Physics), Merriman Street, Stellenbosch 
This workshop is hosted by the Laser Research Institute, University of Stellenbosch to bring together biologists and physicists in the Western Cape who are interested in biophotonics or any applications of light and lasers in biological and bio-medical research. Dr. Raymond Sparrow, a biochemist from Great Britain who have recently joined the National Laser Centre in Pretoria and is currently leading their biophotonics initiative, will be the keynote speaker. He will give us an overview of the field of biophotonics, the use of lasers to investigate biological systems and his specialist field of light activated bio-nanodevices. Other presentations at the workshop include applications of biophotonics in wine biotechnology, hortology, forestry, zoology, medical research and physics. The aim of the workshop is to broaden our understanding of this interdisciplinary field and foster contact between researchers from different disciplines. 
Attendance is free of charge. The presentations and discussions will be conducted in English. 

LASERS in BIOLOGY 
Dr. Raymond Sparrow 
Biophotonics Initiative, National Laser Centre, Pretoria, South Africa 
Biophotonics is the study of light and its interaction with Biological materials to obtain information into the structure, function and manipulation of these materials. As such, the properties of the light being used are of considerable importance to the investigator. A broad overview of these aspects and how light is produced is presented. The focus is on the characteristics of laser light that make laser light sources highly desirable in a huge variety of experimental applications. This presentation then looks briefly into lasers, their components, the groups of lasers available and the types of experimental procedures that employ laser light. There is a particular emphasis on laser microscopy with some examples of images obtained by laser microscopy. 
To sign up for the workshop, please reply to Christine Steenkamp at the e-mail address cmstein@sun.ac.za or telephone number 021-8083374. 
II. Colloquium on Lasers in Medicine by Prof. Rudolf Steiner 
Date: Tuesday 24 May 2005 
Time: 12:00-13:00 
Venue: Lecture hall Delta, Merensky Building (Physics), Merriman Street, Stellenbosch 
Prof. Rudolf Steiner is the director of the Institut für Lasertechnologien in der Medizin und Messtechnik (ILM) at the University of Ulm, Germany. The title of his lecture will be: “Perspectives for laser applications in diagnostics and therapy.” “Examples will be presented showing the broad spectrum of laser based diagnostic possibilities (variants of optical tomography, fluorescence cell and tissue diagnostics and nanoscopy) and also the specific laser therapeutic applications in dermatology, stomatology and microsurgery.” 
Attendance is free of charge. The presentations and discussions will be conducted in English. It is not necessary to sign up for the colloquium. 
  For more information contact: 
Dr. Christine Steenkamp, Laser Research Institute, University of Stellenbosch. 
Tel. +27-21-8083374 
E-mail cmstein@sun.ac.za  
          

 

	NanoNet Workshops:
NanoNet hosts bi-annual Workshops on a wide variety of topics ranging from single-molecule studies with molecular motors through to surface chemistry.  Where ever possible, these Workshops are video-recorded for delivery through the NanoNet Virtual Network allowing Network Members, who were unable to attend the Workshop(s), an opportunity to see and hear the presentations.
NanoNet Members are funded for travel costs for attending these Workshops (they simply have to notify Keith Firman of their intention to attend).
Forthcoming Workshop(s):
Nanoparticles and Nanodevices for Biological Chemistry

University of Portsmouth, Boat House 6
15th April 2003 

Provisional Programme (*Titles to be confirmed)

Optical and Electrochemical Applications of Nanoparticles 
Professor David Schiffrin
Department of Chemistry, University of Liverpool,
Liverpool L39 3BX 
Electrochemical Conditioning of Silicon Surfaces*
Professor Joachim Lewerenz
Hahn-Meitner Institut, Glienicker Strasse 100, 
D-14109, Berlin, Germany 

Magnetic Tweezers*
Dr David Bensimon
ENS/CNRS, Paris, France
Surface Derivatisation Strategies for Immobilisation of Biomolecules using Monolayer Self-Assembly Chemistry*
Lars Lie
School of Natural Sciences
Bedson Building, University of Newcastle upon Tyne
Newcastle upon Tyne, NE1 7RU, UK

Assembly of nanomaterials directed by oligonucleotide derivatives
Ramon Eritja Casadellà
Institut de Biologia Molecular de Barcelona, Departamento de Genética Molecular
carrer Jordi Girona, 18-26, Barcelona Spain

Surface Engineering" - How to control structure formation at surfaces
Dr. Hans-Georg Braun
IPF Dresden, Dept. Biomaterials/Microstructure, D-01069 Dresden, Germany

Nanoparticulate anatomy of a pregnancy test
Prof David E Williams
Chief Scientist, Unipath Ltd
	Previous Workshops: 

Single Molecules Experimentation and Equipment
14th September 2001 
Held at BTG International Ltd., London.
Introduction – Keith Firman. 
Nanotechnology: Top-down vs. bottom-up approaches – Michael Gross. 
An introduction to "ORCHYD”, the Network for Organic/ Inorganic Hybrid Devices - Bijan Movaghar. 
Rugged membrane-based biosensors – Ian Peterson. 
Molecular electronics with carbon nanotubes and DNA? - Cees Dekker.
Biological AFM studies at Portsmouth - James Smith.
Protein DNA interactions at a single molecular level; studies with Atomic Force Microscopy and Magnetic Tweezers – John van Noort. 
Switchable Polymers and Molecular Imprints - Applications in Nanotechnology, Chemistry and Medicine – Cameron Alexander.
Single molecule studies of kinesin - Rob Cross.
Nano-science and Single Molecule Methods at NPL- John Gallop.
Detection of single molecules using fluorescence – Clive Bagshaw. 
COSMIC, a Collaborative Optical Spectroscopy, Micromanipulation and Imaging Centre at Edinburgh University – David F Dryden.
Surface fabrication, self assembly and movement on surfaces
5th April 2002
Held at BTG International Ltd

Welcome to BTG – Antony Odell, BTG International limited.
Report on NanoNet, the BTG Nanotechnology Network – Keith Firman.
Self-Organised Electrode and Protein Structures, - Ken Snowdon.
Crystalline bacterial cell surface (S-layers) proteins, secondary cell wall polymers and lipid molecules as building blocks in nanobiotechnology - Margit Sara.
Templated Electrodeposition of Nanostructured Materials - Phil Bartlett.
Biosensors - Christopher Lowe.
Structural DNA Nanotechnology - Nadrian Seeman (British Biophysical Society Guest Speaker).
Self assembling molecular motors - Rob Cross.
A proposed architecture for a power source to control nanodevices - Raymond Sparrow.
Single molecule force spectroscopy investigations of nucleic acids - Stephanie Allen.
Toward the EU 6th Framework - Keith Firman. 


