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BIOPHOTONICS

Shedding light on point-of-care
diagnostics
The CSIR biophotonics group share their research

Biophotonics is a field of research combining biology
and photonics, which is the science and technology of
generating, controlling and detecting photons (particles
of light). It focuses on the development and use of lightbased methods to study biological substances such as
atoms, molecules, cell organelles, whole cells and tissues.
The link between biological substances and light is
beneficial because it can be used for both therapeutic
and diagnostic purposes. In most applications, the lightLolucwaningo lisebenzisa ukukhanya njengendlela
yokucwaningwa izicubu zomzimba zifana nama
cell nedlela akhiwe ngayo, bese kwakhiwa imishini
engasiza ukubona izifo ezahlukahlukene kanye
nokuzelapha.
Translation by Zamantimande Kunene
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The seven members of the CSIR’s biophotonics group, from
left to right: Dr Patience Mthunzi-Kufa (group leader), Dr
Saturnin Ombinda-Lemboumba, Lebogang Thobakgale,
Rudzani Malabi, Charles Maphanga, Masixole Lugongolo and
Dr Sello Manoto.

based methods used in the field of biophotonics are noninvasive as they do not require the use of dyes and do not
affect organelles and cells outside the region of interest.
Their non-invasiveness, sensitivity and specificity mean
that light-based technologies can help improve the tools
available for the study of various diseases, as they make
it possible to detect changes in cells and organelles
during different stages of infection.
The CSIR’s biophotonics group is made up of researchers
from various scientific disciplines, including biomedical
sciences, biochemistry, biotechnology, chemistry,
physical science and virology. The group is conducting
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research towards the development of light/laser-based
point-of-care devices for diagnostic and therapeutic
purposes for various medical conditions, such as human
immunodeficiency virus (HIV) and cancer. The group
also conducts research in optical micromanipulation
of embryonic stem cells for tissue engineering
investigations, as well as quality screening of medicinal
drugs. The research is intended to facilitate early
disease diagnosis and to expand healthcare in resourcelimited populations. The envisaged medical tools will be
designed to be used outside a formal clinic environment,
without the need for specialised training. So far, most of
this research is still being conducted in vitro. What follows
is a summary of research projects conducted within the
biophotonics group.

Targeted drug delivery within HIV-infected cells

Nearly 40 years after the discovery of HIV, there is still
no cure, although antiretroviral treatment can control
the virus, meaning that HIV-infected people can live long
and healthy lives. One of the major reasons the current
treatment cannot cure HIV infection is because there are
sites in the human body where the virus ‘hides’. As such,
when the infected individual stops taking treatment, the
virus in those sites multiplies and spreads throughout the
body again. Because of this challenge, the biophotonics
group is conducting research with light in the form of
femtosecond laser to deliver drugs to specific cells. In
this work, HIV antiretroviral drugs have been successfully
delivered to target cells in vitro using a custom-built
photo-translocation (laser-induced drug delivery) system,
and a reduction in infection has been achieved.

Charles Maphanga using the femtosecond laser phototranslocation system, which was built in-house, to introduce
drugs into mammalian cells.

to target specific sites, so future studies will focus on
delivering antiretroviral drugs to the latent sites – where
the virus is hiding − with the expectation that the virus
will completely die.

Photo-transfection of stem cells

A schematic representation of the photo-translocation
system used to introduce drugs into cells. From the titaniumsapphire laser (Ti:Sapph), the beam (in red) is directed
via mirrors (M1–7) to the sample stage (xyz stage), where
the culture dish containing cells is placed. The Koehler
illumination lights the sample, and the camera captures cell
images for display on the computer (PC).

The femtosecond laser uses ultrafast laser pulses that
gently disrupt the cell membrane, allowing the drug to
enter the poked cell without compromising the integrity
of the membrane, which would lead to cell death. The
ability to deliver drugs in this manner reduces side
effects as the meds are directed to the diseased site/cell
without interfering with other healthy sites that have no
need of the drug. The study showed that there is a way
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In tissue engineering research, stem cells have been used
as starting material in the synthesis of mammalian cells
for the treatment of various cell-based diseases. This
is performed by manipulating the DNA content of the
cells to bring about a specific effect, such as developing
a new cell type through the process of differentiation.
This controlled gene expression of stem cells is achieved
by transfection, where DNA is introduced into a stem
cell using chemical, viral or physical methods. In
biophotonics, instead of introducing the DNA with these
conventional methods, a femtosecond laser homebuilt microscope system is used to prick the cellular
membrane and allow entry of DNA to change the
behaviour of stem cells. Photo-transfection improves
transfection efficiency when compared with standard
transfection methods. So far the CSIR team have been
able to introduce green fluorescent protein DNA into
stem cells using this system.

Surface plasmon resonance for quantitative
studies

Surface plasmon resonance (SPR) is a label-free lightbased detection method used in clinical analysis. It is
commonly used for quantitative purposes to determine
concentrations. The analyte is loaded onto a sensor
chip that is coated with a metal, such as gold, in order to
enhance the signal produced by the interaction of light
and the analyte. The signal generated originates from
the changes in the refractive index at the surface of the
sensor chip.
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exposed to a photosensitiser, these cancer cells were
destroyed, whereas the untreated cells continued to grow
without any changes in their morphology and viability.

Optical trapping and spectroscopy for detection
of HIV infection

The surface plasmon resonance system used for measuring
the analyte concentration in biological samples.

The work that has been conducted to date in the
biophotonics group shows that the custom-built SPR
system can detect biological samples, and coating the
sensor chip with gold improves the signal. The ultimate
goal of conducting this research is to develop a point-ofcare device that can be used to measure viral particles in
a given specimen.
A similar technology that is studied in the group is the
photonic crystal-based biosensor, which is based on
homogeneous sensing. It senses the presence of an
analyte by means of refractive index variations − there is
a shift in the detection wavelength, which forms the basis
of label-free detection by light-based technologies.

Optical trapping is a process that occurs when a highly
focused laser beam creates a force attracting particles to
the centre of the beam. This force, typically in the order
of piconewtons, can be used to hold and manipulate
microscopic particles, such as cells and subcellular
components, and is particularly useful for single cell
manipulation. The trapped particle can then be further
analysed using various spectroscopic techniques. The
biophotonics group has been able to distinguish between
optically trapped HIV-infected and uninfected TZM-bl
cells using a custom-built optical trapping system coupled
with a transmission spectroscopy system. The results
obtained showed that the infected cells transmitted less
light compared to the uninfected cells, making it possible
to differentiate between healthy and unhealthy cells.

Low-level laser therapy

Low-level laser therapy (LLLT) is the application of light
in biological systems for therapeutic purposes such as
wound healing, tissue regeneration, cell metabolism and

Photodynamic therapy for cancer

Photodynamic therapy (PDT) is a treatment that uses a
photosensitiser and a specific type of light to activate
the photosensitiser. Generally, during a PDT treatment, a
photosensitiser is introduced into the bloodstream and
is distributed all over the body, absorbed in cancer cells
and stays longer in them. Roughly 24 to 72 hours after
injection, by which time the photosensitiser has exited
normal cells but remains in cancer cells, the site of cancer
is exposed to light. The photosensitiser absorbs light
and produces a toxic form of oxygen that kills cancer
cells. In addition, PDT destroys cancer cells by damaging
the cells’ blood vessels, preventing them from receiving
the nutrients required for survival, and also stimulates
the immune system to attack cancer cells. The CSIR’s
biophotonics group has demonstrated the efficiency of
PDT in their in vitro studies on melanoma cells. When

Low-level laser therapy (LLLT) mode of action. The cell
mitochondrion absorbs laser light, leading to the production
of adenosine triphosphate (ATP), which is associated with
beneficial processes such as pain relief, accelerated wound
healing, enhanced tissue generation and stimulation of cell
metabolism.

Photodynamic therapy relies on the administration of the photosensitiser (PS), which binds to the cancer cells. Upon exposure
to light, cancer cells are destroyed.
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Outcomes
Dr Sello Manoto working on the reflectance spectroscopy
platform built in-house for HIV detection and viral load
quantification.

pain relief. LLLT uses light within the red (visible light) and
near-infrared regions of the electromagnetic spectrum, in
the wavelength range 600–
As the light beam comes into contact with the skin,
photon energy penetrates tissues and interacts with
various cell organelles such as mitochondria, stimulating
biological processes that restore normal cell function and
enhancing the healing process in the body. Researchers
in the biophotonics group are evaluating its effect on HIV
infection. So far, an in vitro study has shown that LLLT
has the ability to reduce infection levels in TZM-bl cells.
The use of LLLT is attractive as it has lesser side effects
than drugs and it can be delivered via small point-of-care
gadgets. Currently, however, there is no evidence that the
findings from test tubes can be translated to the human
body.

Raman spectroscopy for disease detection
and screening of medicinal drugs

Raman spectroscopy is a light-based analytical tool
generally used in chemistry to present detailed
information about a particular material, such as its
chemical structure, phase and any contamination.
A Raman spectrum serves as a distinct chemical
fingerprint that can be used to identify the material or
distinguish it from others. In the biophotonics group,
Raman spectroscopy research focuses on both disease
diagnosis and screening of medicinal drugs as a means
of conducting quality assurance. In one of the studies,
a custom-built Raman spectroscopy system was used
to investigate a group of non-essential amino acids
through comparison of peak area versus concentration.
Non-essential amino acids are the building blocks for
producing proteins of various functionalities within living
systems. Understanding the chemical properties of nonessential amino acids allows a thorough investigation of
biological processes when there are irregularities.
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With this research, the biophotonics group hopes to
help uplift the quality of life of people in South Africa,
especially those in resource-limited settings, by providing
efficient laser-based, point-of-care tools for improved
healthcare services. The group also contributes to human
capital development, as it offers training to university
students and interns as well as studentships at master’s
and doctoral levels.
Point-of-care is a medical procedure done close to
the patient, at the time and place of care.
In vitro studies refer to experiments that are
performed outside a living organism, typically taking
place in a test tube or culture dish.
Stem cells are basic cells that can become almost any
type of cell in the body.
Label-free detection methods do not require labels
such as fluorescent dyes or radioactive isotopes to be
attached to the molecule of interest to determine its
presence or activity.
Analyte is a substance that is being studied or
analysed.
Refractive index is the measure of the bending of
a ray of light when passing from one medium into
another.
Photosensitisers are molecules or drugs that
become activated by exposure to light of a particular
wavelength and cause changes to other molecules or
cells.
TZM-bl cells are mammalian cells widely used in the
field of HIV research for in vitro experiments because
of their ability to mimic the body cells that HIV infects.

Masixole Lugongolo was the lead author of this article, which
was based on contributions from the other members of the CSIR
biophotonics group. Masixole joined the group in 2015 as a PhD
student, and is registered with the University of South Africa. She
has been involved in HIV-related research for more than a decade,
having previously worked at the Centre for HIV and STIs at the
National Institute for Communicable Diseases.
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