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Introduction
The Public Understanding of Biotechnology
(PUB) programme is an initiative of the
Department of Science and Technology (DST) and is
implemented by the South African Agency for Science
and Technology Advancement (SAASTA).
As PUB celebrated its decade of existence in 2013 it was decided to recognise
the contributions made to South African biotechnology by individuals, including
established and upcoming researchers. The themes chosen were:





Agriculture
Industry and Environment
Health
Communication

PUB sent out a call for nominations in 2013 and this book is therefore limited to
the people who were highlighted during this process and finally chosen by the
evaluation panel after two rounds of evaluations.
When I was appointed as lead adjudicator of this process and asked to edit this
book I was not particularly excited about a book of curriculum vitae. I was therefore
delighted when the evaluation panel agreed that what we needed were stories
about the achievements of the individual scientists. The panel members were:






Jennifer Thomson (University of Cape Town)
Stephanie Burton (University of Pretoria)
Ben Durham (DST)
Helen Laburn (University of the Witwatersrand)
Manjusha Sunil (PUB)

The stories need to be read in the context of the 2001 National Biotechnology
Strategy and the 2014 Bio-economy Strategy, both produced by the DST. Although
ten of us wrote the former and we interviewed some 30 people from different
interest groups, it was largely a science-driven document. One of its outcomes
was the establishment of Biotechnology Innovation Centres (BICs). These were:


LIFELab in Durban, which concentrated on fermentation,
products for infectious diseases and bioprocessing.





BioPAD in Gauteng, focusing on health products.
Cape Biotech in Cape Town, also concentrating on
health products but with an emphasis on algal technology.
PlantBio in Pietermaritzburg, which looked at
agricultural products.

These operated with varying degrees of success until they were closed and
their functions taken over by the Technology Innovation Agency (TIA) which
was established in 2009. The success of this initiative is still to be seen but it is
interesting that none of the scientists featured in this book worked for a BIC.
One of the shortcomings of the 2001 Strategy was that it was driven by
scientists and did not enjoy the buy-in of all the government departments
which should have been involved. The then Minister of Science and
Technology, Derek Hanekom, was very conscious of this when he
spearheaded the development of the 2014 Strategy, which by its very title
“Bio-economy” implies involvement outside DST. Indeed, in his foreword
he states:

The Bio-economy Strategy is not a Department
of Science and Technology strategy –
it is a South African strategy.
Biotechnologists around the country, not just those highlighted in this
book, are eagerly waiting to see how successful the current Minister, Naledi
Pandor, will be in garnering the support of her colleagues in cabinet and
beyond.
The content of this book was written by Clinton Wittstock and we thank him
for the excellent product.

Jennifer Thomson

Lead Adjudicator PUB call for nominations
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C ele b r at i ng B i ot e c h nol og y E x c e l l e nc e in S outh Africa

word from
Mr Ben Durham

Chief Director: Bio-innovation at the DST

Biotechnology is a heady brew of powerful, controversial and irresistible, mixed with science,
test tubes and geeks, and in South Africa has a generous sprinkling of under-recognised
relevance. It’s also the field we love to hate. Who hasn’t been stirred by some claim of harm
in biotech? The scientist gets hot under the collar about outrageous distortions in the media,
a politician claims biotech is elitist, a grocery-shopping mum thinks a genetically modified
(GM) label is a warning.
I like to think that we have to biotech: who else but us can see the uses for the technologies in our context, to help address our challenges? Can we reasonably expect
someone else to provide a cost-effective solution for the Foot-and-Mouth disease in livestock (a disease of the global south)? Can we expect an imported vaccine to be
stable in 35 degree temperatures for days or weeks at a time? And who else to work on mainstreaming nutritious food products from Kei Apples, the Num Num Berries,
or perhaps the Mobola Plum?
The Bio-economy Strategy of 2013 is saying that we need to be serious about biotechnology. This means not only for the science, the innovation, the products, but also
for communicating biotechnology in, and with, the public. We all need to know what it is, what it does, what it could do, and why we should be doing it.
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word from
Dr Beverley Damonse

NRF Group Executive: Science Engagement and Corporate Relations

The South African government is obliged to use science and technology,
particularly emerging technologies and frontier science areas such as
biotechnology, as a major tool to facilitate economic growth and to
improve the quality of life for the population.
Photo courtesy Destiny.

The Public Understanding of Biotechnology (PUB) programme and SAASTA have a shared history that dates back to 2002. Before SAASTA joined the National Research
Foundation (NRF), its predecessor, the Foundation for Education, Science and Technology (FEST) was elected by the Department of Science and Technology (DST) to
launch a programme on the Public Understanding of Biotechnology (PUB), which DST initially committed to fund for three years. The National Biotechnology Strategy
of 2002 emphasised the need for a public engagement programme like PUB as a conduit for critical information on this emerging technology to be communicated.
For the past 12 years, SAASTA and PUB have grown hand-in-hand and have taken science engagement in South Africa to new levels. PUB has been the trailblazer
for public science engagement programmes in the country and its successes have been the inspiration for DST to establish three more similar programmes viz: the
Nanotechnology Public Engagement Programme, the Hydrogen South Africa Public Awareness and Demonstration Platform and the Space Science and Technology
Public Engagement Programme.
Since its inception PUB has been producing innovative and exciting products and programmes to engage the public and efforts to provide them with a clear, balanced
understanding of biotechnology. Over the years, PUB has done remarkable work to educate the public such as the development of innovative resources, a public
perceptions survey, dialogue sessions to discuss topical issues such as stems cells, cloning, genetic modification to name a few. PUB has also established valuable
relationships with other role players in the National System of Innovation. The programme has also been profiled internationally and in SADC countries. The potential
to engage more people and to create even broader public engagement on the ethical, moral and social issues of biotechnology remains enormous.
It is my hope that the successful model(s) of public engagement programmes like PUB, will be expanded and continue to create awareness of and involve the public in
ongoing science and science-related issues that affect both our personal lives, and our local and global communities. I would like to recognise all the members of the
PUB teams over the years for their energy, passion and steadfast commitment to this task, as well as the DST for their continued financial support of this programme.
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C ele b r at i ng B i ot e c h nol og y E x c e l l e nc e in S outh Africa

word from
Dr Jabulani Nukeri
SAASTA Managing Director

SAASTA, a business unit of the National Research Foundation (NRF), is tasked to advance public
awareness, appreciation of and engagement with science, technology, engineering, mathematics
and innovation in South Africa. Our organisation is proud of hosting the Public Understanding of
Biotechnology (PUB) programme since its inception in 2003, as the mandate compliments that of
SAASTA and together we have been able to create far greater societal awareness about science
and technology matters than we would have managed on our own.
PUB is possibly the oldest formal public science engagement programme in the country and hence a pioneer of science communication and engagement in South
Africa. The experience and impact of the PUB programme made way for other Department of Science and Technology-funded public engagement programmes at
SAASTA that have allowed us to further deliver on our mandate.
Last year, as part of PUB’s celebration of a milestone of communicating biotechnology to the public for a period of 10 years, a call for nominations was sent out to
recognise notable contributions by biotechnologists in our country. Twenty-five nominees in four critical areas of biotechnology (Agriculture, Industry and Environment,
Health and Communication) were chosen through two rounds of rigorous evaluations. These areas have been highlighted as priority sectors in Government’s newly
launched bio-economy strategy.
This book is a result of PUB’s achievement in the science communication arena. Individuals and institutions that have paved the way and contributed significantly to
the growth of biotechnology in South Africa are profiled in this fine product.
I would like to congratulate the successful nominees who are profiled in the book. The PUB programme would not be in existence without the support of the Department
of Science and Technology (DST) and our sincere gratitude goes to the DST for affording SAASTA the opportunity to host the PUB programme.
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Kingstone Mashingaidze
Dynamite comes in small packages

hybrid
noun
In Biology the offspring of two plants or animals of
different species or varieties, such as a mule.
The bird was a hybrid of a goose and a swan.

Conventional wisdom says that bigger is better, but when faced with the problem of addressing food stability back in the eighties,
Dr Kingstone Mashingaidze went the other way and bred a pint-sized maize plant. “We have had great success with that particular
dwarf maize hybrid because its smaller size reduces the plant’s demand on nutrients from the soil and other resources like moisture,”
Dr Mashingaidze said, adding that the dwarf plant was the result of his work with the African Centre for Fertiliser Development in
Zimbabwe.
According to Dr Mashingaidze, it took ten years from the time he began research into developing drought and soil infertility tolerant maize until the first dwarf
maize hybrid was released on the market.
Dr Mashingaidze explained that the traditional methods of breeding plants to exploit drought tolerance is a difficult endeavour, adding that he rues the fact
that he was not able to employ biotechnology techniques back then.
“For instance, if we had been able to use molecular markers to track whether or not the material we were working on had the required genes, the time could
have been halved,” he said, “not to mention the cost savings. Nevertheless, dwarf maize hybrids are still being sold in Zimbabwe, the project is a commercial
success and therefore, at the end of the day, the time was well spent. Many small scale farmers tell me that they love my hybrids because even if there is a
drought, they still harvest a crop while their neighbours who don’t use the hybrids suffer,” he said.
From the university halls and farmlands of Zimbabwe, Dr Mashingaidze crossed oceans to pursue his Ph.D. degree at Michigan State University in the USA. His
research into maize breeding centered on genotype by environment interaction, yield stability and the adaptation of 25 singlecross maize hybrids grown in
Michigan. This formed the basis for his thesis and catapulted the young Mashingaidze into the biotechnology arena.
Except for the cold, Dr Mashingaidze loved his three years in America, returning to take up a post at the University of Zimbabwe as a lecturer for five years
before joining Africa University as a Senior Lecturer, while continuing his research on maize breeding. After spending ten years there he joined the Agricultural
Research Council in Potchefstroom as a Senior Researcher in maize breeding before gaining promotion to Programme Manager for Plant Breeding and
Biotechnology, with a special focus on maize.
7.

“I have been thrilled to combine and use what I learned in
Zimbabwe, regarding conventional breeding, and in America,
regarding marker-assisted selection and transgenic biotechnology,
here at Potchefstroom, to produce the highest quality maize
seeds,” said Dr Mashingaidze, whose passion it is to help ensure
food security for all Africans. As part of his attempt to make his
dream a reality, Dr Mashingaidze is currently involved in two
flagship projects, Water Efficient Maize for Africa (WEMA) and
Improved Maize for African Soils (IMAS). Both projects involve
improving existing maize cultivars through the use of conventional
breeding, marker-assisted breeding and transgenic biotechnology.
The WEMA project, for which he is the Country Coordinator and
Principal Investigator, is a public-private partnership aimed at
developing and deploying drought tolerant and insect-protected
maize cultivars.
“Initial tests show that the drought tolerance transgene works.
During a drought, farmers might lose fifty bags out of the hundred
but if they use our drought tolerant hybrid they can still expect to
harvest between seventy-five and eighty-five fifty kg bags,” said Dr
Mashingaidze, adding that they are currently conducting field trials
in Lutzville in the Western Cape where it does not usually rain in
summer (except that it did during the first year of the trials).
Monsanto donated a transgene, derived from a bacterium, for
WEMA’s GM approach. If successful, it will be made available
to small scale farmers on a royalty-free basis to ensure that the
seeds, which will be of great benefit to them, will be sold at a
price on par with other varieties. The IMAS project, for which
he is also the Country Coordinator and Principal Investigator, is
a public-private partnership aimed at developing and deploying
low soil nitrogen tolerant (LNT) maize cultivars.
“We want to translate our research into low-cost GM maize
hybrids that small holder farmers will be able to afford,” said Dr
Mashingaidze, adding that the LNT cultivars are expected to yield
30 -50% more than currently available cultivars, with the same
amount of nitrogen fertiliser applied when grown on poor soil.
Dr Mashingaidze said that ultimately they would like to combine
the drought tolerance trait with low nitrogen tolerance to be
able to put a hybrid in the farmers’ hands that would be able to
tolerate both stresses. According to Dr Mashingaidze, two hybrids
8.

Initial tests show that the drought tolerance
transgene works. During a drought, farmers might
lose fifty bags out of the hundred but if they use
our drought tolerant hybrid they can still expect to
harvest between seventy-five and
eighty-five fifty kg bags.
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produced under the WEMA project have already been developed and are in the process of being registered with the Department of Agriculture, Forestry and
Fisheries (DAFF) and will hopefully be ready for commercial use by the end of next year. And the LNT hybrids being produced under the IMAS project will follow
soon after, with registration earmarked for 2015.

1865
Gregor Mendel publicised his discoveries on the breeding of peas, which became the foundation of modern genetics
1980
First transgenic (genetically modified) mouse
1983
Kary Mullis, a biochemist invented the ‘polymerase chain reaction’ which is a technique enabling scientists to reproduce bits of DNA faster than ever
before. (Mullis was awarded the Nobel Prize for this in 1993).
Four separate groups of scientists create GM plants; three groups insert bacterial genes into plants and one inserts a bean gene into a sunflower plant
1992
Appointed the first black Chairman of the Department of Crop Science at the University of Zimbabwe
1993
Appointed Senior Lecturer and Department of Crop Science Co-coordinator at Africa University and continued work on maize breeding
1998
Released first dwarf maize hybrid (AC31) in Zimbabwe
1999
Released second dwarf maize hybrid (AC71) in Zimbabwe
2006
Appointed Programme Manager for Plant Breeding and Biotechnology at ARC-Grain
Crops Institute, Potchefstroom
2013
Released two drought tolerant conventional hybrids through the Water Efficient Maize for Africa
project. These will be registered with DAFF in 2014
Global Highlights - Black text | Nominee’s Highlights - White text
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Professor Johan Burger
Burger and Pinotage the toast of Stellenbosch

The South African wine industry is possibly on the verge of a major
breakthrough, not unlike the breakthrough of the 1920s that saw the
advent and rise of the Pinotage cultivar from just four seeds.
In his quest to marry the robustness of Hermitage and great wine quality of Pinot Noir,
which is often difficult to grow, Professor Abraham Perold, the first Professor of Viticulture at
Stellenbosch University, planted the first four seeds from this cross. The first Pinotage vines
were planted at Elsenburg and Kanonkop Estate, and Pinotage wine is now synonymous with
the South African wine industry.
“I was having a glass of wine with Paul Krige, the co-owner of Kanonkop Estate, when he
mentioned these old Pinotage vines that his grandfather had planted and nurtured and he
asked if it was possible to infuse the old wine character of these vines into younger vines,” said
Johan Burger, Professor of Molecular Genetics at Stellenbosch University, adding that Mr Krige
has given him free reign of his farm to experiment on.
Mr Krige pointed out to Professor Burger that his most expensive wine came from a block
of land where the oldest Pinotage vines had been planted and that he was worried that
they were going to die because of their age. So following in the footsteps of his predecessor,
Professor Burger set about finding out whether he could breed young vines that produced
wine as good as the old vines.
The problem Professor Burger faced, however, is that if you take a cutting from an old plant
and you root it, somehow that old wine character that everybody wants is lost, even though
the rooted vine is identical, genetically speaking, to the old vine it was cut from.
“It didn’t make sense, so my curiosity was piqued and I began the journey of trying to find the
answers,” he said, adding that it took him a while but he is now sitting with a feasible hypothesis,
which he prefers not to discuss at this stage to prevent other people from “scooping” him.
Professor Burger then faced a second obstacle, that of finding the funds to test his hypothesis.
He approached several people but no one was interested. On a flight back to Cape Town,
despondent and about to give up, he saw the results of the 2013 annual Pinotage competition
and got the idea to phone Beyers Truter, the president of the Pinotage Association (and a
previous winemaker at Kanonkop). A week later after a 10 minute presentation, he had the
funding he needed to get his research going.
10.

I was having a glass of wine with Paul
Krige, the co-owner of Kanonkop Estate,
when he mentioned these old Pinotage
vines that his grandfather had planted
and nurtured and he asked if it was
possible to infuse the old wine character
of these vines into younger vines.
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As a starting point Professor Burger’s team extracted genetic material from a 70 year-old vine as well as a seven-year old one and they are now in the process of
sequencing their genomes. “We are expecting to find out that their genomes are identical, but from there I will be able to test my hypothesis. Secondly, having the
genome sequenced is like having the recipe of Pinotage, which is of huge value to the Pinotage Association,” said Professor Burger.
According to Professor Burger, his ultimate goal is to understand the genetic make-up of the old Pinotage plant so that they can replicate the old wine character in
young plants, because, as he says, if you understand something you probably can improve it. Professor Burger obtained his PhD at the University of Cape Town in
molecular plant virology in 1991 and then moved to Pretoria where he took up the post of principle investigator with the Agricultural Research Council (ARC). It was
here, early on in his career, that he made his first breakthrough.
“My research group and I were the first people in Africa to develop GM potatoes,” said Professor Burger, adding, “it was a very exciting time, not just because we were
the first to create a transgenic line of potatoes on African soil but also because of the potential it had to address food security in Africa.” Professor Burger continued to
say that although they had managed to very effectively engineer Potato Virus Y (PVY) and Potato Leafroll Virus (PLRV) resistance into the potatoes, two very destructive
diseases affecting our potato crops, they were unfortunately never released commercially because morphologically they ended up looking more like a sweet potato
and the company funding the research thought that there would be no market for them.
The professor continued his research at the CSIR into viruses affecting crops and again made the news when he was part of a multidisciplinary team that produced the
first GM maize in Africa. Now, at the University of Stellenbosch where he has been for the past 15 years, the professor is once again carving out a name for himself as
a pioneer.
“We used metagenomic sequencing, which was a novel approach, to determine the virome of a diseased vineyard in the Stellenbosch region, because we wanted to
get a complete picture of all the viruses contributing to a particular disease affecting this vineyard,” said Professor Burger, who now specialises in researching virus
diseases affecting grapevines.
According to the professor, their aim is to introduce resistance to diseases through the genetic engineering of wine cultivars, with special attention to grapevine leaf
roll disease, which affects the quality of wine and significantly reduces the economic life span of commercial vineyards. This makes it the most debilitating grapevine
disease globally from an economic point of view.
“We are also doing research into Citrus tristeza virus (CTV), a very damaging disease that causes its fruit to stay green,” said Professor Burger, adding that it’s a
fascinating project because if you take a piece of living material from a tree that has been infected with a mild strain of CTV, and graft that onto a healthy young tree,
then this tree will be protected against the more virulent strains of the virus.

virome (plural viromes)
noun
The genomes of all the viruses that inhabit
a particular organism or environment
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1995
Bt (Bacillus thuringiensis) Potato was approved safe by the Environmental
Protection Agency, making it the first pesticide producing crop to be approved
in the USA
1995
Development of the first transgenic potato lines on the African continent
1997
Developed first transgenic maize on the African continent
2001
Elected to the Steering Committee of the International Grape Genome Program
(IGGP)
2003
Elected to the Steering Committee of the International Council for the Study of
Viruses and Virus-like Disease of Grapevine (ICVG)
2003
Developed transgenic grapevine plants containing a modified virus gene,
which imparted virus resistance to the plants. (These were never released nor
ever field trialed because of restrictive GMO legislation)
2006
Served on the Advisory Committee for the GMO Act (Act 15 of 1997)

We used metagenomic
sequencing, which was a novel
approach, to determine the
virome of a diseased vineyard
in the Stellenbosch region,
because we wanted to get a
complete picture of all the viruses
contributing to a particular
disease affecting this vineyard.
12.

2010
Used metagenomic sequencing, which was a novel approach, to determine the
virome of a diseased vineyard
2008
The European Commission authorised the GM maize GA21 for feed and food
use and for import and processing yet not for cultivation in the EU
2010
Amflora was approved for industrial applications, specifically paper-making
and adhesives, in the European Union by the European Commission
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Sandy Snyman

Sugar, the spice of nice

“The sugar industry in South Africa, which is worth an estimated R12 billion and provides a living to approximately one million
people, is being threatened by cheap imports, especially from Brazil,” said Trix Trikam, the Executive Director of the South African
Sugar Association (SASA).
According to him, South Africa has gradually allowed 240 000 tons of sugar to be imported into the country, which has a direct bearing on two sugar mills and
16 000 jobs and has been the cause of a drastic reduction of small-scale cane growers from 50 000 to 25 500. Mr Trikam said that these figures will become even
bleaker if interventions are not put in place. In response, SASA and the sugar sector has called on the government to protect the local industry from excessive
imports, even if that means halving them, and be given dutyfree, preferential trade access into the EU market. Furthermore, the sugar sector is looking at ways
to improve crop stability and increase yields through various techniques, including biotechnology.
“The South African Sugarcane Research Institute (SASRI), a division of the SA Sugar Association, was established in 1925, primarily to breed varieties suited for
growing under local conditions, but also to find new and profitable ways to help the grower with the problems they are having on the ground,” said Dr Sandy
Snyman, Senior Biotechnologist at SASRI. According to Dr Snyman, who has been responsible for the initiation and development of the sugarcane tissue culture
and genetic modification (GM) research programmes for the industry, they are using biotechnology to improve local cultivars.
13.

Under her guiding hand over the past 20 years, several traits
including herbicide tolerance and resistance to the economically
important sugarcane mosaic virus and a lepidopteran stalk
borer, eldana, have been introduced via GM technology.
“These events have all been evaluated in field trials,” said
Dr Snyman, adding, “we want to release GM sugarcane for
commercial use as soon as possible and are putting ourselves
into a good position to do that. At the moment however, no
sugar produced from GM sugarcane has been released onto the
global market.”
She pointed out that progress to this end has been made in
that SASRI has partnered with the International Consortium for
Sugarcane Biotechnology to sequence the sugarcane genome,
which she said is a massive undertaking. The information
gathered from this process will be made available to various
international role-players.
Furthermore, while they continue their research into GM
sugarcane they are adapting technologies to improve local
varieties in other ways. She explained that sugarcane is a
vegetatively propagated crop and quite easy to grow; you
remove the top of the cane, plant the stalk in the ground and
it grows from multiple buds. The problem however is that the
quality of this seed cane is often poor because sugarcane can
stand in the field for many years, repeatedly allowed to grow
and then being chopped down, making it prone to disease and
reducing the yield.
“We have used biotechnology to produce thousands of plants
via tissue culture that are identical and free of disease,” Dr
Snyman said, adding that they can also use this technique,
which they have trademarked as NovaCane®, to release new
varieties to growers more rapidly. Seedcane schemes use this
material to plant a first stage nursery and then good quality
material can be distributed more widely.
Dr Snyman has also developed methods to store valuable
sugarcane lines (germplasm) in vitro at 18°C to minimise the risk
of losing valuable genetic material if it were to be maintained
in the field. She is currently looking at long term cryostorage
at -196°C, and is developing a mutagenic breeding protocol by
14.

We have used biotechnology to produce thousands
of plants via tissue culture that are identical
and free of disease,” Dr Snyman said, adding
that they can also use this technique, which they
have trademarked as NovaCane®, to release new
varieties to growers more rapidly.
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exposing cells to chemical mutagens and selecting mutated cells
for insect and disease resistance.
Another way that SASRI is helping growers reduce costs and
increase profits is by conducting research to make use of the
huge amounts of sugarcane biomass as a feedstock for electricity
and ethanol production. “We want sugarcane to become more
lucrative as a crop, to attract more growers and provide more
people with employment, and what better way to do it than
by offering growers the opportunity to produce electricity and
ethanol as well as sugar?” she said.

Germplasm
Not to be confused with germ plasm, a germ cell’s
determining zone. Germplasm is a collection of genetic
resources for an organism. For plants, germplasm may
be stored as a seed collection (even a large seed bank)
or, for trees, in a nursery. Animal as well as plant genetic
material may be stored in a gene bank or cryobank.

1987
Joined SASRI, Entomology Department, to
research novel ways to combat Eldana saccharina,
the lepidopteran stalk borer
1990
First GM project on sugarcane done in
collaboration with Prof Jennifer Thomson (UCT)
to introduce the insecticidal gene from Bacillus
thuringiensis (Bt) to a phyllosphere-colonising
bacterium, Pseudomonas fluorescens, to control the
borer eldana
1992
First publication of production of GM sugarcane
from Australia
1997
The first GM plant, Bt cotton, was grown
commercially in SA.
The first GM sugarcane plant in SA was field
tested for proof of concept and it was tolerant
to the herbicidal active ingredient, glufosinate
ammonium
2005
Trademarked the NovaCane® in vitro
micropropagation procedure for sugarcane in SA
2012
First female scientist at SASRI to receive NRF rating
2013
Drought tolerant GM sugarcane was approved
in Indonesia for commercial production in that
country only
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Don Cowan

Taking it to the extremes
“I have seen 400-year old seal carcasses, perfectly preserved, staring
across the largest, coldest desert in the world, glacial tongues of ice
drooping down to lick them and in the Namib desert I have seen
fairy circles forming rings of death,” said Professor Cowan, a selfconfessed extremophile of sorts.
According to Cowan, Director of the Genomics Research Institute at the University
of Pretoria, Antarctic seals sometimes make bad decisions, leaving their family
groups and the sea to crawl up the glacial valleys where they starve and die.
Sand-blasted by wind and sand, their moment of death is frozen in time.
Peculiar to the Namib Desert, fairy circles are circular areas, generally two to
three meters in diameter, totally void of all plant life form except for a ring of
green grass growing around the circumference.
“People have speculated about why this happens. Some have said fairy circles
are caused by UFOs, others put it down to gas evolution or termites, but our
theory is that they are caused by pathogenic micro-organisms,” said Professor
Cowan, adding that it is the unanswered scientific questions as much as the
beauty of the untouched landscapes and the uniqueness of life at the extremes
of temperature and aridity, that draws him back year after year.
He recounted how, as a young man during the summer of ’78/79, studying
enzymology at the University of Waikato in New Zealand, he harassed the
professor of Chemistry to be allowed to go along on the yearly research trip to
Antarctica, which was mostly reserved for geology students. He managed to
convince the professor and the young Masters student loved every minute of
the eight weeks, even though he only went as a “pack horse” and field assistant,
vowing to return and continue his research career there.
“It took me 20 years to set my feet back on those eastern shores of Antarctica,”
Professor Cowan laughed, “but since 1999 I have visited them almost every year,”
adding that he often takes students with him on these research trips. He carried
on to explain that they always go during the small summer window period when
the higher temperatures and 24-hour sunlight make it possible to carry out
fieldwork in one of the harshest habitats on earth.
16.
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Besides the beauty and the strangeness of the hot and cold desert
landscapes in which he works, Professor Cowan said that he loves the
intrigue of exposing life forms, about which little is known, to the scrutiny
of a microscope and the wonder of then trying to figure out how they
have survived the extreme temperatures for the past thousands of years.

People have speculated about why
this happens. Some have said fairy
circles are caused by UFOs, others put it
down to gas evolution or termites, but
our theory is that they are caused by
pathogenic micro-organisms.
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An extremophile
(From Latin extremus meaning “extreme” and Greek philiā
(φιλία) meaning “love”) is an organism that thrives in physically
or geochemically extreme conditions that are detrimental
to most life on Earth. In contrast, organisms that live in more
moderate environments may be termed mesophiles or
neutrophiles.

According to him, he learns something new about life and life systems,
at a biochemical, physiological and genetic level, with every study.
What makes his research stand out from classical scientists is that he
uses metagenomics.
“In the classical approach one isolates microorganisms one by one,
grows them on culture plates and then characterises their structural,
functional and genetic properties. Metagenomics is a modern method
of studying the genetics of many organisms at the same time. For
example, the total DNA isolated from a teaspoon of soil will represent
all the genomes of all the organisms present,” said Professor Cowan,
adding, “so it will include the genomes of viruses, bacteria, archaea,
fungi and maybe a few small wriggly things.”
According to him, the genetic information extracted this way represents
a genetic resource which has value as scientists can exploit different
parts of that information for biotechnology.
Professor Cowan carried on to explain that he is also involved in more
targeted methods of metagenomics, called functional metagenomics,
which goes a step further than just identifying what organisms are in a
specified environment and seeks to answer the question, “What is this
microorganism doing and what are the important functional genes and
gene products (enzymes) in the organism?”
“We have just finished a four-year programme funded by the
Technology Innovation Agency (TIA) where we used this approach
to identify a bunch of enzymes which could be used to break down
lignocellulosics for use in future biofuel or bio-products industries.”
His group has also identified a number of novel stress-responsive
genes in several different protein classes using this approach.
In the extremes of the Antarctica and the Namib Desert, these genes
are commonplace and have helped all types of organisms to live in
such extreme environments. Professor Cowan stated that as the
world’s climate changes, becoming hotter and drier, understanding
these systems is becoming of a greater importance.
“The identification of stress-responsive genes in the Namib Desert
microorganisms is potentially relevant to the agricultural industry,” he
said, explaining that finding ways to engineer these types of genes into
agricultural plants to enhance their tolerance to drought, for instance,
is likely to become increasingly important.
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1987
Publication in The Biochemical Journal of first detailed
characterisation of a proteolytic enzyme from
hyperthermophilic archaeon
1999
First of Cowan’s 14 near-annual research expeditions to the
east-Antarctic Dry Valleys
2001
First human genome sequenced
2003
The first Next Generation DNA sequencer (Solexa/Illumina) is
established in South Africa, at UWC;
Cowan establishes the Advanced Research Centre for Applied
Microbiology (ARCAM)
2005
ARCAM researchers complete their first bacterial genome
sequence
2010
Published, with Craig Cary, a key analysis in Nature
Microbiology Reviews 2012 on the microbial ecology of
Antarctic desert soils
2012
Moved to the University of Pretoria as Director of the Genomic
Research Institute
2013
“A2” research rating awarded by the NRF; Established the
Centre for Microbial Ecology and Genomics (CMEG); CMEG
researchers sequence their first two full metagenomes
2014
Awarded the NSTF-BHP Billiton award for ‘an outstanding
contribution
to science, technology and innovation’.
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Chrissie Rey

Cassava: a solution to
food security in Southern Africa?

Cassava is the third most important source of human calories
after rice and maize, according to the UN Food and Agriculture
Organization, so when 60% of crops in Africa are lost due to
disease, warning bells sound.
“Other than its high carbohydrate content, other factors contribute to this
root plant being vital to Africa’s food security,” said Professor Chrissie Rey,
a Professor in the School of Molecular Cell Biology at Wits University.
According to her it is a hardy plant, able to tolerate drought conditions,
grows in a variety of soil types and can be left in the ground for long
periods of time, offering excellent food security to those who don’t have
food storage facilities. The roots can be used for food, most famously
tapioca, which in Africa is prepared and eaten like a maize porridge,
whilst elsewhere it is also used as a dessert. Several African countries are
gradually replacing wheat flour with cassava flour from 10 to 40 percent
for the production of staples like bread, biscuits, pasta or noodles.
Cassava is also used for industrial purposes, such as a source of high quality
starch. It is an excellent source to produce bio-ethanol, whilst the waste products
from any of the aforementioned processes can be used as animal feed.
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Furthermore, the leaves constitute a good vegetable rich in proteins, vitamins
and minerals, which the root itself lacks. Studies have shown that proteins
embedded in the leaves are equal in quality to the protein in egg. Therefore,
if properly processed, the leaves can provide a balanced diet, protecting
millions of African children from malnutrition. Additionally, the plants shed
their leaves during their growing period, creating a source of organic fertiliser.
“Cassava can yield up to 80 tonnes of roots per hectare, under favourable
growth, water and fertilisation conditions, but in Africa this figure drops to
around nine. Cassava mosaic disease (CMD), caused by a number of viruses,
is the culprit for this devastating loss,” Prof. Rey explained, adding that an
incentive for farmers to grow cassava is that it produces higher yields per
land-unit than other crops such as yams, wheat, rice or maize.
As cassava has the potential to be an important crop for South African farmers,
she has dedicated herself to finding a solution to the crippling CMD. Her
efforts are yielding excellent results with promising transgenic lines currently
being tested for resistance to one of the cassava viruses in greenhouse trials.
This work has been funded by the (TIA) Technology Innovation Agency, the
National Research Foundation (NRF) and Casquip Starch Manufacturing
(Pty) Ltd. and is currently also being funded by the Gauteng Department of

Agriculture and Rural Development. “I have been involved
with this project for the past 15 years and almost gave up a
few times,” said Professor Rey, but added quickly that with her
science is a passion and you have to be patient and stubborn.
One of the problems is that cassava is a very difficult crop
to genetically modify and requires significant funding and
technical skills, something that is in short supply in South
Africa, particularly for a crop that has not, until more recently
when it gained the support of the Department of Trade and
Industry (the dti), been recognised as a commodity.
“Despite this, we have registered a South African and US
patent for developing RNA hairpin duplexes to engineer
plants for stable virus resistance,” Professor Rey said, adding
that although these biotechnologies were specifically
developed for cassava, they could be applied broadly to
any agricultural crop.
“Besides my research, I love teaching,” said Professor Rey,
who has been instrumental in establishing a Masters in
Biotechnology with a large component of entrepreneurship in
biotechnology and an emphasis on the biosafety of GM crops.

I have been involved with this project for
the past 15 years and almost gave up a
few times.
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Her passion for cassava and plant biotechnology has
attracted so many local and foreign African students that
it earned her the National Science and Technology Forum
Award for Capacity Development in 2010.

A carbohydrate is a large biological molecule,
or macromolecule, consisting of carbon (C),
hydrogen (H), and oxygen (O) atoms, usually with a
hydrogen:oxygen atom ratio of 2:1 (as in water); in
other words, with the empirical formula Cm(H2O)
n (where m could be different from n). Some
exceptions exist; for example, deoxyribose, a sugar
component of DNA, has the empirical formula
C5H10O4. Carbohydrates are technically hydrates
of carbon; structurally it is more accurate to view
them as polyhydroxy aldehydes and ketones.
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1987
Was the first of two young scientists at Wits to be
awarded an NRF Y rating
1986-2012
Identified and researched several new plant viruses in
South Africa, Zimbabwe and Mozambique, including
new virus species in cassava, namely South African
cassava mosaic virus
1995
First GM cassava plant created
1996
GM tomato paste approved in the UK, first GM herbicide
tolerant soya beans (Roundup Ready Soybeans) and
insect protected maize approved in the EU
2000
Initiated research on the transformation of cassava for
virus resistance
2012
P Arbuthnot, M S Weinberg, M E C.Rey, J Harmse, S H Taylor.
“Double stranded RNA hairpin duplexes in gene silencing”
2010
Won the National Science and Technology Forum Award
for Postgraduate student capacity building
2014
“B2” Research Rating
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Mark Laing

Fighting nature with nature
“Have you ever bought an orange that ends up going blue and then
mouldy? What happens if 50% of our citrus exports, an industry worth
nine billion Rands a year, end up like this before getting to the end
consumer?” asked Professor Mark Laing, the Chair of Plant Pathology at
the University of KwaZulu-Natal, Pietermaritzburg.
In one case, more than half of a consignment of oranges exported to Korea rotted before
getting to the very demanding consumers. As one of many cases, this problem needs a
sustainable solution, especially as South Africa is the second biggest citrus exporter in
the world, after Spain.
According to Professor Laing, fungicides that were used industry-wide to solve this
problem are becoming less and less effective because the fungi that cause the rot have
developed resistance to the most effective fungicides. Furthermore, many consumers
do not want fungicides sprayed on their fruit and so an alternative solution is needed.
“Our solution has been to develop an integrated programme, which we have shown to
be very effective,” he said. “First, we apply a very brief hot water treatment of 50°- 60°C
for 15 to 30 seconds, which triggers the immune system of the fruit to defend itself
against infections. And then we spray the outside of each fruit with a friendly citrus
yeast, which stops any future infection.”
He continued to say that he is now collaborating with an agricultural engineer to build
a fruit treatment conveyor belt so that farmers can use this technology in their packhouses to treat the hundreds of thousands of fruit they sell locally and internationally.
At the same time Professor Laing has also been looking at how this technology can be
used to treat the very controversial black spot fungus which has allowed the European
Union to threaten an embargo on South African citrus imports to the EU. With 70% of
South Africa’s citrus sold to EU countries, this would be a disaster.
“So far, the hot water treatment is providing a consistent level of control of about 90%.
However, we need to do much larger scale trials to confirm these results,” he said, adding
that black spot is a purely cosmetic disease, doesn’t affect the actual fruit inside and will
not establish itself in Europe because their climate is not suitable for the fungus.
Professor Laing, who is a specialist in biological control, said that most of his research
looking into controlling pests and diseases of crops and animals with friendly microbes
22.

AG R I C U LT U R E
is done in partnership with a commercial
company called Plant Health Products (Pty)
Ltd (PHP), and that this collaboration is
allowing him to fulfil his life-long dream.
PHP funds his research and they
commercialise the finished product, ensuring
that the technology ends up in the hands of
the farmers who need it so that they and
the consumers benefit. “PHP has developed
small packs of only 50g for sale to small scale
farmers, and this has proved very popular in
West Africa,” he enthused.
My philosophy has always been that there
is no point in doing research if you do not
intend to put the technology into the hands
of farmers,” he explained.
Another project he is involved in centres
around using a “friendly fungus” called
Trichoderma to control root diseases
infecting crop plants. This research has led
to the discovery of a particular strain of
Trichoderma which, when applied as a seed
treatment, colonises the root system of the
crop and becomes its protector. As little as
20g of product can protect 1ha of maize
plants, and can increase peanut yields by
50%.
“When a pathogenic fungus comes along,
the protective fungus literally emerges from
the root and attacks and feeds on the wouldbe attacker,” Professor Laing said. “This
bio-system gives you better control than
chemical fungicides over these root diseases,
for the entire life of the crop.” They have
obtained similar successes fighting off cropdestroying insects, such as the white fly that
can ruin tomato crops, with another friendly
fungus called Beauveria bassiana. Turning to
plant breeding and biotechnology, he has a
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collaborative project with the Department of
Agriculture in Mozambique.
Local breeders collected leaf samples of crop
plants, squashed their DNA onto a special filter
paper made by Merck Chemicals, and sent
these samples to us. Our role was to check
whether these samples carried a gene for
resistance to maize streak virus, using a new
technology called high resolution melts,” he
said.
The magic of this technology is that we were
able to do 96 tests in one hour where it used to
take us two and a half hours just to do just one,
and at a cost of R7 as opposed to R100 each,”
he said. “What makes this special is that now
plant breeders in even the most remote African
research station can access this technology.”
Professor Laing is also committed to training
the next generation of African plant breeders
and runs a successful PhD programme, funded
by the Rockerfeller and Bill and Melinda Gates
Foundations, that has already seen 56 students
from 14 African countries graduate since 2002,
with a further 45 busy completing the course.
According to Professor Laing, what distinguishes
this programme from others is that students
first study academically at UKZN for a year, and
then go back to their homeland where they
work with locally important crops, in the local
environment, to meet the requirements of
local farmers. “There is no point in breeding
cassava varieties in Nigeria when you want
them to be released in Tanzania because they
are not locally adapted,” he said. The students
are funded after graduation by the Alliance for
a Green Revolution in Africa to ensure that they
release new varieties. Thus far over 120 new
varieties with improved features have been
released.

What makes this
special is that now plant breeders
in even the most remote African
research station can access this
technology.

microbe
noun
a microorganism, especially a
bacterium causing disease or
fermentation.
DERIVATIVES
microbial adjective, microbic |
adjective ORIGIN late 19th cent.:
from French, from Greek mikros
‘small’ + bios ‘life’.

1985
First transgenic plant produced which was
resistant against a definite insect species
1987
A transgenic plant produced resistant to a
particular kind of herbicide
2000
Appointed Professor and Chair of Plant
Pathology
2001
Appointed Director of the African Centre
for Crop Improvement
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2002-2004
Principal Investigator(PI) for an Innovation
Fund award: “Biocontrol of Insect Pests”,
with 4 partner organisations and 15
collaborating research centres
2002-2006
Founded PlantBio Trust (now incorporated
into the Technology Innovation Agency) on
behalf of the DST. CEO for two years, then
Chairperson of the Board for two years
2007
Conducted the registration trials of
five fungicides, an adjuvant and three
biocontrol agents
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Peter Rose

A gold mine of inspiration

A decade has passed since Peter Rose, Emeritus Professor of Biotechnology
at Rhodes University, helped Anglo American to do in six months what
Mother Nature, left to her own devices, would do in 60 years.
“I was approached by the Vice-President of the Coal Division of Anglo American to try to
find a solution to the huge problems they were having in their attempts to rehabilitate
waste coal dumps and the land that they had damaged through their open-cast mining
operations,” said Professor Rose, who is the man responsible for launching the first
Biotechnology Department in South Africa at Rhodes University.
Professor Rose explained that although Anglo American stored the top soil they stripped
from land they mined, by the time they were ready to use it to fill the huge open-cast mines,
the soil had lost its living structure. Nonetheless, they tried to fill the holes with it mixed
with clay and attempted to grow grass on it.
Similar problems were experienced in covering waste coal dumps where they had
devastated hectares of land to harvest clay and soil for the dump capping process and the
grass wouldn’t grow successfully due to the lack of nutrition. Moreover, when the rains
came the soil was washed away, the water penetrated into the dump and started a very
destructive process called Acid Mine Drainage (AMD).
25.

“I went to investigate and while standing on the dumps I
noticed the odd plant growing here and there. I kept on
thinking, ‘How come these plants are growing in this hectares
huge wasteland of coal?’ I finally went to have a closer look,
and was amazed at what I found,” said Professor Rose.
He explained that when he dug around the plants and pulled
them out he was struck by a smell he had become accustomed
to while studying mycology, suggesting that a fungus could be
present. “When a fungus is active in soil it releases a gas called
geosmin. The smell it produces is the same sort you get after
thunderstorms or when digging in wet soil,” he explained.
Taking a soil sample back to Rhodes he confirmed that there was
indeed a fungus present and was then able to isolate the species
involved.
“We found out that a symbiotic relationship existed between the
plant roots and this fungus, termed a mycorrhizal association,”
Professor Rose said, explaining that as the grass grew and
photosynthesised it released organic acid from its roots. The
fungus fed on this acid, broke the coal down which in turn

released the minerals the plants needed for growth.
He said that it was in fact a process of nature reversing herself. During coal
formation, humus and organic material is compacted and solidified to become
coal and, in this instance, the fungi reversed the process breaking the coal back
into humus.
Based on this knowledge, Professor Rose was able to develop a process which
he has patented under the name Fungcoal and is used very successfully by Anglo
American to rehabilitate coal mine dumps.
“The fungi are cultivated on a very large scale, the mine dump is simply shaped,
without having to cover it up with top soil and clay capping, an environmentally
devastating and costly procedure, and then the surface of the coal dump is
inoculated with the fungi and a mixture of grass seeds,” said Professor Rose.
“The mine dump is then irrigated, the fungi break the coal down into humus, the
seeds germinate and the plants grow, providing more nutrient support for the
fungi, which then grow faster, breaking down even more coal, and so the cycle
perpetuates.
“In just a few months you end up with a prodigious crop of mixed vegetation,
basically grassland, growing on the surface of the dump in a layer of about
two foot of soil-like humid material, capping the dump off and protecting the
environment from AMD,” he said, “doing in months what nature would take
many decades to do. The process has also been used to improve the fertility of
soils covering open cast mining sites.”
Professor Rose has been involved in other biotechnological inventions petitioned
by the mining industry, Rhodes Biosure® being one of those. The Witwatersrand
is one of only a few conurbations world-wide that is not built alongside a major
river and with many mines closing down during the past few years, the fragile and
sparse aquatic-ecosystem is under threat.
According to Professor Rose, when production was running at the mines,
companies would pump water out of the shafts to facilitate the operation, treat
this water and then divert it into the Vaal Dam. Now that the mines have closed
and the stakeholders have disappeared, it has become society’s problem to deal
with - and it is not a problem that can be ignored. For instance, at the Sterkfontein
Caves just outside of Johannesburg, AMD is flowing into the limestone beds,
destroying the fossil beds and all the rivers and springs in the area.
Professor Rose’s answer to this catastrophe was an ingenious one, not only
because of the biological mechanisms used to address the problem, but also
26.

We found out that a symbiotic
relationship existed between the
plant roots and this fungus, termed a
mycorrhizal association.

because it linked to an existing process, traditional sewage wastewater treatment
plants, which contributed to providing a low cost and a long term solution.
Polluted water from the mine is pumped to the plant, organic matter from the
wastewater treatment works is added, the bacteria use the organic material as
food and the sulphuric acid in the water is broken down into hydrogen sulphide.
Later on the hydrogen sulphide is extracted and converted into sulphur, whilst
the treated water is pumped into the conventional water treatment plant and
treated before being discharged into the Blesbok Spruit, where it eventually
flows into the Vaal Dam.
“Once we had run a pilot project and shown the efficacy of Rhodes Biosure®,
we were able to set up our first plant on the East Rand in association with East
Rand Water Care Company (ERWAT),” Professor Rose said. “Ten million litres
of water are treated there daily, so effectively we have saved the Blesbok
Spruit, which is a Ramsar site,” Professor Rose enthused, adding that the
Marievale Bird Sanctuary forms part of this catchment area.

INDUSTRY
Professor Rose has over 20 patents in wastewater treatment
and acid mine drainage and is well respected the world over.
He attributes his success to a good grounding in fundamental
science, creativity and what he likes to call “inspired observation.”
“It is like someone from somewhere steps down and gives you
what you need at just the right moment,” he said.

Geosmin is an organic compound with a distinct earthy
flavor and aroma produced by a type of Actinobacteria,
and is responsible for the earthy taste of beets and a
contributor to the strong scent (petrichor) that occurs
in the air when rain falls after a dry spell of weather or
when soil is disturbed

1973
Lecturer in Microbiology at Witwatersrand Technikon followed
by some years of research and development in industry
1985
Joined Rhodes Microbiology Department, established a
dedicated Honours course in Biotechnology and thereafter a
Department of Biotechnology
1989
Established the Gold Fields Biotechnology Centre at Rhodes
1992
Invention and patenting of process for pharmaceutical grade
b-carotene production in the green alga Dunaliella salina based
on fundamental work in stress signal transduction in this
organism
1998
Research, development and patenting of the Rhodes
Biosure® process for treating acid mine drainage wastewaters
2005
Research and patenting of process for the biological production
of elemental sulphur
2007
Invention and patenting of the Fungcoal Process for the
biological humification of hard and bituminous coals
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Jens Kossmann
Hitting the sweet spot

Dr Jens Kossmann, the Director of the Institute for Plant
Biotechnology at Stellenbosch University, has, in collaboration with
the South African Sugar Association (SASA), developed a technology
that enables sugarcane to produce up to 50% more sucrose.
“We filed for a patent application in 2009 and, if it is successful, it will generate a
significant guaranteed income for the University and SASA, in addition to annual
royalties,” said Dr Kossmann, adding that the patent is licensed to Syngenta
Biotechnology Inc.
The German scientist, who has more than 25 international patent applications to
his name, arrived in South Africa in 2004 after a short time in Denmark where he
was the Head of the Plant Research Department at Risoe National Laboratory in
Roskilde from 2001-2004.
According to him, his family had not “grown an addiction” to Denmark and so
when he saw a post being advertised in the Botany Department at Stellenbosch
University, he jumped at the opportunity.
“I previously studied starch biosynthesis and structure in potatoes and tobacco at
the Max Planck Institute of Molecular Plant Physiology in Germany, and worked
on techniques to manipulate the starch structure in potatoes to enhance its
starch content and structure for industrial purposes and commercial gain, so this
post seemed a perfect fit for me,” said Dr Kossmann, explaining that sugarcane is
made up of enzymes similar to those of potatoes.
Dr Kossmann was a member of the research team at the Max Planck Institute
that was the first to apply reverse genetics to study carbohydrate metabolism
in plants. He found two biotech companies selling the range of technologies
that their research had generated. Not only has he been able to transfer this
knowledge to his research team at the University of Stellenbosch, but he has
28.

Reverse genetics - as explained and used by Dr Kossman –
the process by which one knocks out a gene in an organism
and then studies what effect its absence has on the organism
so that light can be shed on its function.
There are different techniques used to reverse engineer
genes, including directed deletions and point mutations,
gene silencing and interference using transgenes
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continued to set up vital collaborative initiatives with
his extensive international network from a funding and
research point of view.
He said that he is quietly confident of having the same
level of success with his work at the University of
Stellenbosch, pointing to the fact that, over and above the
patent that was applied for in 2009, he has established a
research collaboration with Syngenta, which will allow for
commercialising sugarcane technology developed in South
Africa on a world-wide scale.
“We have also developed a technology used to produce
biofuels from sugar cane and we are about to commercialise
it,” Dr Kossmann said. He explained that sugar cane is
traditionally crushed in order to extract the sucrose, but that
this results in large amounts of waste products, which are
normally burnt to fuel the sugar extraction process.
“At least two thirds of the biomass is lost this way, so not
only is this technology great from a commercial point of
view but from a ‘green’ point of view too,” he said, adding
that the research that went into these technologies was
made possible by an NRF Tier 1 Research Chair in “Genetic
tailoring of biopolymers” that was awarded to him in 2007
and then renewed for a second funding cycle in 2011.
Not one to rest on his laurels, Dr Kossmann and his team are
now applying the knowledge they have gained in increasing
the sucrose levels in sugar cane crops to manipulate
carbohydrate partitioning to a range of commercially
important crops.
According to him, the biggest contribution he and his team
have made was identifying the enzyme that phosphorylates
starch, which led them to begin investigating how the
phosphorylation of storage glucans helps determine the
regulation of their turnover in different biological systems.
“I love the element of surprise that is part and parcel of research
work and then not only publishing the results in science
journals and text books but also being able to go ahead with
developing commercially usable products from those results,”
29.

We have also developed a technology used to
produce biofuels from sugar cane and we are
about to commercialise it.

said Dr Kossmann, adding that he loves swinging pipettes,
looking at things through the eye of an electron microscope and
everything else involved in working in a laboratory.
Looking forward, his future research with the Institute
for Plant Biotechnology will focus on making plants more
productive with fewer inputs, such as water, pesticides,
fertiliser, etc. They are also looking at ways to increase plants
resilience to various stresses like drought, pests and diseases,
essentially producing crops that will be much less costly and
less maintenance intensive.
“This is the age of genomes and if you consider that, at a
guess, we only know the functions of about 25% of the genes
we have found in plants thus far, one can conclude that many
unknowns still have to be explored, making it a really exciting
time for science,” Dr Kossmann said.

1995
Bt potatoes (Monsanto) received marketing approval in the
United States of America
1997
Discovered a mechanism to enhance potato tuber size as
co-authored on a Nature Biotechnology paper
1998
Discovered a mechanism to abolish “cold induced sweetening” of
potato tubers size, as preferred by the processing industry, and
senior author on a Nature Biotechnology paper
2002
Discovered a mechanism to enhance potato tuber starch content
as senior author on a Nature Biotechnology paper
2002
Discovered a mechanism by which transitory starch is degraded
as senior author on a Plant Journal paper
2009
Filed a patent application to protect a technology that allows for
generating sugarcane to accumulate 30-50% more sucrose
2010
Rated as B1for second time (2004 first) by the NRF First Chief
Editor of Frontiers in Plant Biotechnology, which obtained a first
Impact Factor of above 3.5 in 2014
2011
NRF Tier 1 Research Chair in “Genetic tailoring of biopolymers”
re-newed for a second funding cycle (first 2007)
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Willem Heber (Emile) van Zyl
The right man for the job

Enzymes
are large biological molecules responsible
for the thousands of metabolic processes
that sustain life. They are highly selective
catalysts, greatly accelerating both the rate
and specificity of metabolic reactions, from
the digestion of food to the synthesis of DNA.

Fuel prices soared to record highs during 2014, with 95-octane unleaded petrol breaking the R14,00 per litre mark in March and
hitting an all-time high of R14,39 per litre the following month, with Mike Schussler, the director of economists.co.za, an independent
economic research house, stating that R16,00 per litre is not far off.
With most motorists already feeling the pinch, it is becoming all the more important for South Africans to have a cheaper alternative. Considering the fact that
a major portion of the fuel hikes are directly linked to a faltering Rand/Dollar exchange, it is also clear that the alternative needs to be a home brewed solution.
A man who has spent the last two decades of his life dedicated to finding that solution is Professor Willem Heber (Emile) van Zyl, a Professor in Microbiology
at Stellenbosch University. With a track record that includes 117 publications in internationally refereed journals and being the coinventor on 21 patents, 17
of which are registered internationally, it is no surprise that the Department of Science and Technology chose him to be the Senior Chair of Energy Research
(SCoER) in Biofuels and other clean alternative fuels to address this situation.
“In America, agricultural crops like maize are sometimes grown for the sole purpose of conversion into biofuels, but here in South Africa, where there is a food
shortage, using a primary staple food for fuel is not really an option, so we needed an alternative,” said Professor Van Zyl.
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According to him, the solution ended up staring him in the face: woody materials are to be
found everywhere in nature and not only are raw materials like trees and grasses suitable
for processing into biofuels, but agricultural residues, forestry residues, etc. can be used
very effectively as well. At the same time this helps those industries recycle their waste.
Professor Van Zyl pointed out that South Africa has a problem with a number of invasive
alien species, citing the problem the Western Cape has with Port Jackson as a case in
point. These, therefore, are ideal for use in biofuels as the land can be cleared of them and
the natural vegetation restored.
“We were then faced with the question of how?” he said, qualifying his question by
explaining that there were already people converting woody material into biofuels but
that the cellulose they were using was very expensive, making the process economically
unviable.
“At that time, an American named Lee Lynd heard about our research and came to see us
at Stellenbosch University. He was interested in the same field of research and was looking
for international collaborators,” Professor Van Zyl said.
That resulted in a collaborative partnership between them and a top group in Finland.
Their research was published in several papers and reviews. Lynd went on to co-found
Mascoma, a very successful biofuels company which has featured on Biofuels Digest’s top
50 list of Hottest Bio-energy Companies for four years running. It was then that Lynd posed
the question: “Can we take what we have done on paper and convert it into a marketable
product?”
However, what they had proposed on paper was very different from what was being done
in the real world. The then current methodology was to use either acids or commercial
enzymes to convert cellulose to sugars and then, in a separate process, ferment those
sugars with yeast into ethanol, a labour intensive and expensive production method.

Our theory proposed combining
those two processes by adding
a yeast, Saccharomyces
cerevisiae, which could in one
step convert cellulose
(woody material)
into ethanol.
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“Our theory proposed combining those two processes by adding a yeast, Saccharomyces
cerevisiae, which could in one step convert cellulose (woody material) into ethanol,” said
Professor Van Zyl, adding that they were the first group globally to be able to do this. The
novel process is called Consolidated Bio-processing.
Professor Van Zyl continued to explain that in order for the cellulosic material to be
accessible to the enzymes, it is necessary to carry out a pre-treatment, consisting of a
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very high pressure steam process to raise temperatures
above 200°C. This opens up the structure of the wood,
the added yeast produce the enzymes that hydrolyse
the cellulose to sugars, which are simultaneously
fermented to produce ethanol.
In 2008 the world’s financial economy collapsed and
Mascoma were forced to put on hold the funding for the
project and the technology, registered by Stellenbosch
University but assigned to Mascoma, is frozen in
legalities.” Mascoma corporation have offered us the
opportunity to buy exclusive rights to use the patent in
South Africa, so we’re looking at ways of generating the
capital for this,” said Professor Van Zyl, adding that, in
the meantime, they are continuing their research into
finding ways of improving this and related processes.
Professor Van Zyl commented that although the
general perception is that South Africans are lacking in
innovation, his project, as well as many others on the
table, together with products already on the market,
are a sure sign that this is not the case. Indeed South
Africa has a role to play in the global biotechnology
economy.

6,000 BC
In Mesopotamia, Sumerians use yeast - a type of fungus - to make beer and wine
4,000 BC
Egyptians use yeast to make bread rise
1857
Pasteur proposes microbes (yeast) cause fermentation
1973
Cohen and Boyer successfully splice a gene from one organism and move it into another, launching
the advent of the modern biotechnology era
1986
First commercially successful recombinant vaccine for humans: Hepatitis B produced in yeast
1992
Prof. Van Zyl appointed as associated professor at the Stellenbosch University and initiated a
laboratory in yeast biotchnology
1996
Prof. Van Zyl established collaboration with Prof. Bärbel Hahn- Hägerdal at Lund University,
Sweden, which led to numerous publications and international patents on engineering
xylose-fermenting yeast
1998
Prof. Van Zyl established collaboration with Prof Lee Lynd at Dartmouth College, NH, USA, which
led to authoritative reviews on one step microbial conversion of cellulosic material to ethanol, a
process called consolidated processing
2005
Mascoma Corporation was co-founded by Prof. Lynd as a startup company with the objective of
bringing consolidated bioprocessing to a commercial reality
2007-2010
Prof. Van Zyl’s research team, together with VTT in Finland and Dartmouth College in the USA,
developed cellulolytic yeast for Mascoma Corporation. Numerous patents were filled and Prof.
Van Zyl became world-renown for the breakthroughs in cellulase expression in yeast
2007
Prof. Van Zyl and his team awarded first of two cycles of Senior Chair of Energy Research : Biofuels
and other clean alternative fuels by Department of Science and Technology
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Hennie Groenewald
A new generation

“It is strange to me how some people do not say a word about
biotechnology techniques being applied to the medicines
that they use, but when it comes to the food they eat they are
vociferously anti-Genetically Modified Organisms (GMOs),”
said Dr Hennie Groenewald.
Dr Groenewald, who is the Executive Manager of Biosafety South Africa,
said that most of the negativity surrounding GMOs comes from a small,
dogmatic segment of society who he reckons are generally anti-manyother-things.
Backing up his comment he pointed to a recent study conducted by the PUB
programme which found that less than 20% of South Africans know what
the word biotechnology means.
“The sad thing about this is that small scale farmers lose out because they
are the ones who possibly stand to benefit the most from this technology,”
Dr Groenewald said. He explained that GMO technology can be used in
crops to increase their resistance to drought, an important factor in Africa,
or to increase yields and resistance to various diseases or pests, or to
improve their nutritional value or postharvest characteristics.
Lack of rain, a virus or pest can ruin a small scale farmer’s whole crop and
therefore livelihood, making GM plants very attractive to them. That is the
reason why, amongst farmers, GMO technology has spread like wildfire. In
fact it is the fastest growing technology in the history of agriculture.
Dr Groenewald said that he is hoping a new generation of GM food products
will soon benefit the end consumer directly, as GM derived medicines do,
because then the apparent controversy should disappear as consumers
will then be able to experience directly the benefits of this technology. He
quickly added that the currently available, approved GMO crops are safe
34.

Physiology
From Ancient Greek φύσις (physis), meaning “nature, origin”, and
-λογία (-logia), meaning “study of”[1]) is the scientific study of function in living systems.[2] A sub-discipline of biology, its focus is in
how organisms, organ systems, organs, cells, and bio-molecules
carry out the chemical or physical functions that exist in a living
system.[3] Given the size of the field it is divided into, among others, animal physiology (including that of human), plant physiology, cellular physiology, microbial physiology (see microbial metabolism), bacterial physiology, and viral physiology..
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because of the knowledge, skill and capacity in South Africa
from a scientific and regulatory point of view.
“My current position involves facilitating all aspects related
to the sustainability of GM technology,” said Dr Groenewald,
explaining that Biosafety SA’s role includes consultations,
investment in strategic biosafety research projects, capacity
building of individuals who are risk analysis specialists,
establishing partnerships and supporting biotech innovation.
He explained that this is predominantly an administrative role
and quite different from what he was previously involved in.
As a young man he studied at the North West University at
Potchefstroom, obtaining his BSc Honours and MSc degrees
for the molecular biological work he did on human Hepatitis
B virus.
Significantly, his Honours students were the first group of
postgraduate students to be funded by the Foundation for
Research Development (FRD), now the National Research
Foundation (NRF), under their, then newly established,
biotechnology programme.
He then took up a research position at the newly established
Biotechnology Department of the South African Sugar
Experimentation Station (SASEX) at Mount Edgecombe
(now the South African Sugarcane Research Institute, SASRI),
where he worked on the molecular biology and physiology
of sugarcane plants.
“Frikkie Botha headed up the department at SASEX and when
he took up an appointment at the University of Stellenbosch
(US) to launch their Institute of Plant Biotechnology, he
invited me and my wife to join him, which we did,” Dr
Groenewald said.
His research at the US focused, amongst others, on the
molecular physiology of sugarcane and grapevine and the in
vitro culture of indigenous crops like buchu.
The work included changing the activity of an enzyme called
pyrophosphate: fructose-6-phosphate 1-phosphotransferase
(PFP) in order to increase the sugar storage capacity of
35.

The sad thing about this
is that small scale farmers
lose out because they are
the ones who possibly
stand to benefit the most
from this technology.

sugarcane, for which he also obtained his PhD. His research was among the first worldwide to use transgenesis techniques to elucidate the role of various
enzymes in sucrose accumulation in sugarcane, work which has been cited widely and has led to four patents.
“My background in academia and the research world has placed me well to be able to help public and private technology developers as they travel down the
innovation pipeline to get a GM product onto the market, as only multi-national companies have this far been able to do,” Dr Groenewald said. “My dream,
however, is that we will soon be able to put a South African product onto the table.”
1980s to early 1990s
China first to put GM crops on sale, namely a virus-resistant tobacco and a tomato cultivar
1993
Appointed Research Officer, Department of Biotechnology, SA Sugarcane Research Institute (SASRI), Mount Edgecombe, South Africa
1994
Marking the start of widespread use of genetically modified crop plants in the USA, the FlavrSav transgenic tomato is sold in shops
1995
Bt corn (corn modified with a bacterium gene to give it insect resistance) goes on the market in the USA
2000
Patent“The regulation and manipulation of sucrose content in sugarcane”, co-authored with Frikkie Botha, awarded in 12 sugarcane growing countries
2008
Appointed Executive Manager, Biosafety South Africa, now incorporated in the Technology Innovation Agency (TIA, www.biosafety.org.za)
2010
Appointed to the Medicines Control Council and the National Biotechnology Advisory Committee (NBAC) of the National Advisory Council on
Innovation (NACI)
2012
Awarded the bid to host the 13th International Symposium on the Biosafety of Genetically Modified Organisms (ISBGMO) for the first time in Africa, by
the International Society for Biosafety Research (ISBR)
2013
Appointed to the External Advisory Board for the International Centre for Genetic Engineering and Biotechnology’s (ICGEB) biosafety capacity building
project for Sub-Saharan African countries
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Dave Woods

South Africa’s father of biotechnology

Every landscape has its pioneers and Dr David Woods is chief pioneer
amongst South Africa’s molecular geneticists. He introduced the idea of
transgenic bacterial strains and viruses to lecturers of microbiology, was
part of the team that cloned the first gene in South Africa and is synonymous
with the Clostridium anaerobic bacterium.
“I studied at Rhodes University in Grahamstown, majoring in Zoology and Botany, did my
honours in Botany and then accepted a Rhodes scholarship to go to Oxford University in
1963,” said Dr Woods.
There he was involved in microbial genetics, a mere 10 years after Watson and Crick had
discovered the structure of DNA. It had also just been discovered that bacteria can pass
genes from one bacterium to another, and under the supervision of Prof. Bevan, a specialist
regarding this phenomenon in yeast, the young Woods began a study on a killer factor in
yeast, work which ultimately earned him a PhD.
Returning to the sunny shores of South Africa, Dr Woods launched the Microbiology
Department at Rhodes University in Grahamstown, where he was able to undertake
groundbreaking research that would fundamentally impact the world’s scientific
community and be translated into processes used by various industries.
“I was at Rhodes University from the spring of 1967 until the end of 1979 and was very
fortunate in that I was able to combine my research with commercial industries; because
generally money is tight for scientific research,” Dr Woods said.
Dr Woods was the only person in South Africa at that time to know anything about bacterial
viruses, and when National Chemical Product (NCP) lost an entire batch of acetone and
butanol, consisting of 12 x 90000 litre fermenters, they approached him for help.
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Acetone and butanol, important products
in industry, are made by a strain of a
bacterium called Clostridium acetobutylicum,
which grows on molasses under anaerobic
conditions, is purified and then sold. It was
thought that the losses were because the
bacteria had become infected with a virus.
“It ended up being an easy solution,” Dr
Woods said, explaining that they were able
to identify a source of infection and were
then able to add sterilisation, at the point
of infection, as a step in the process.
The work on Clostridium, funded by NCP,
continued long after that and although
the solution to the problem had been easy
the physical work was difficult. Dr Woods
remembers building a rudimentary anaerobic
box and having to wait three or four hours for
the pump to expel all the oxygen.
The effort paid off, however, and Dr Woods
with his former PhD student and colleague,
Dr Dave Jones, were able to undertake
fundamental molecular genetic research
on this bacterium, the results being
published in major scientific journals.
“As I told my students: everybody is working
on Escherichia coli, so you have to make
enormous steps with it to compete with
the Americans and Europeans. However,
a small step with an anaerobe such as
Clostridium gets you a very long way.”
Another project Dr Woods spearheaded
was for the leather and shoe industry.

38.

As I told my students: everybody is working on
Escherichia coli, so you have to make enormous
steps with it to compete with the Americans
and Europeans. However, a small step with an
anaerobe such as Clostridium gets you a very
long way.
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Initially the project was quite controversial as his findings seemed to be anti the
gospel of the time.
Hides at abattoirs in Gauteng were washed with cold water and cured by a salting
process before being transported to tanneries in smaller out-of-the-way towns
like King William’s Town and Wellington.
Nevertheless, despite these precautions, the hides would spoil. In comparison,
on large ranches in Argentina or Australia, cattle would die on the hoof and lie
in the fields for a week before trucks would collect the carcasses. These hides
however were still beautiful. However, if the same had to happen in South Africa,
the hides would rot.
“We discovered that a novel bacterium, Vibrio alginolyticus, was present on our
hides. It produced large amounts of an enzyme called collagenase, which we
showed was responsible for the hides’ degradation,” he said.
According to Dr Woods, collagenase is produced at temperatures below 20°C
and since a cow has a skin temperature of roughly 39°C, it became obvious that
washing the hide activated the enzyme.
The conundrum facing Dr Woods and his team, however, was how did collagen,
an enormous, tough molecule, get inside the much smaller bacterial cell? It was
then accepted dogma that this was the way things happened: compounds to
be degraded had to first enter the bacterial cell and interact with the DNA to
turn on the gene which encoded the enzyme that would metabolize the specific
compound.
“At the end of the day, we had to accept that there was no way this molecule was
going to get inside the Vibrio cell and so we ended up proving that, instead, the
collagen interacted with the cell on the outside,” Dr Woods explained, adding,
“this triggered the production and release of the enzyme from the inside out
where it then digested the collagen”.
“It was anti the accepted thought of the day and so it was very exciting seeing
something new that would change the way people thought,” he said about his
fundamental discovery, which has led to the revision of curing techniques.
Dr Woods was Professor of Microbiology at UCT from 1980 until 1988 when he
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became the Deputy Vice-Chancellor responsible for research. During this time
he teamed up with his former PhD student, Dr Doug Rawlings, to help solve a
problem Gencor was having with its gold mines in Mpumalanga.
Arsenic in the arsenopyrite ores was released into the atmosphere during
the roasting process used to extract the gold from the rock. As a result and
because of the prevailing winds, the plants to the north-west side of Swaziland
were contaminated.
The dynamic duo initiated molecular genetic studies on the important
biomining bacterium, Thiobacillus ferrooxidans. In essence, this bacterium
seeks out the gold in the rock, not because it wants the gold but because the
rock is weaker where the gold is, therefore making it easier for the bacterium
to get at its energy source.
Using this knowledge, Gencor was able to build large tanks which were filled
with water and then crushed gold-bearing rock. The tanks were aerated at
ambient temperature and the bacteria released the gold and arsenic, which
remained in solution.
After four days the gold and the arsenic were harvested, both ready to sell.
These tanks are patented and are now in use in Australia and South America.
Dr Woods partnered with Dr Rawlings on this project until he accepted the
post of Vice-Chancellor at Rhodes University, while Dr Rawlings carried on the
research until it culminated in the novel industrial bio-oxidation fermentation
plants.
Dr Woods stressed that all this successful research could not have
been done without the many excellent research students who have
gone on to make major contributions in South Africa and elsewhere in
the world.
Although retired since 2006, Dr Woods, the “father” of biotechnology in
South Africa, is still active in the scientific community.
Amongst other things he is CEO of a biotech company in Durban, is the Chair
of SANTRUST, which runs PhD training courses, and is a Trustee of the Claude
Leon Foundation, which funds an extensive postdoctoral programme.

Transgenesis
Transgenesis is the process of introducing
an exogenous gene – called a transgene –
into a living organism so that the organism
will exhibit a new property and transmit that
property to its offspring. Transgenesis can
be facilitated by liposomes, plasmid vectors,
viral vectors, pronuclear injection, protoplast
fusion, and ballistic DNA injection.
Transgenic organisms are able to express
foreign genes because the genetic code
is similar for all organisms. This means that
a specific DNA sequence will code for the
same protein in all organisms. Due to this
similarity in protein sequence, scientists can
cut DNA at these common protein points
and add other genes. An example of this is
the “super mice” of the 1980s. These mice
were able to produce the human protein tPA
to treat blood clots.

1972
Dr Woods was appointed as Professor and Head of the Department of Microbiology at Rhodes
University
1973
First successful gene splicing (gene cloning) by Berg and Cohen
1980
Dr Woods was appointed as Professor and Head of the Department of Microbiology at the
University of Cape Town (UCT)
Early 1980’s
Dr Woods part of team that cloned the first gene in South Africa
1984
Dr Woods was rated by the National Research Foundation, known as the Foundation for
Research Development (FRD) at that time, as an A Rated Scientist
1995
Haemophilus influenzae first bacterium genome sequenced by Sanger
1996
Dr Woods was appointed as Vice Chancellor of Rhodes University
1996
Wilmut et al clone the world’s first sheep from adult cells. The lamb is named Dolly

1953
The discovery of the structure of DNA by Watson
and Crick
1967
Dr Woods was appointed as a Senior Lecturer in
Microbiology at Rhodes University and ran the
first course in South Africa on bacterial strains and
viruses that could transfer genes from one
to another
Late 1960’s
DrWoods work researching a problem the leather
industry was having resulted in the revision
of curing techniques
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2003
Dr Woods was awarded an Honorary Degree of Doctor of Civil Law by Oxford University
2003
First human genome sequenced by numerous laboratories worldwide. The Human Genome
Project took 13 years to complete and cost millions of US$
2007
Dr Woods was awarded an Honorary Degree of Doctor of Law by Rhodes University
2014
Human genomes can now be sequenced in 3 days at a cost of US$ 1000
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Doug Rawlings

A gold mine in a microscopic bug

“It fascinated me that single-celled, spiral, rod-shaped bugs that grow with
almost no added nutrients could become the main cogs in a multimillion dollar
mining process,” said Professor Doug Rawlings about the Biox® bio-leaching
process that he was instrumental in developing.
Bio-leaching has been happening since the beginning of time and Rio Tinto (which means red river in
Spanish and is now the name of a multinational mining company), was one of the first places where
humanity took advantage of this biological phenomenon. The Romans, who were in Spain during the
first century before Christ, would put iron into the river and pull it out with copper precipitated on it.
They did not understand the biology behind the process. They just thought it was magic. Many people
were spurred on by natural events such as these to adopt alchemy, a belief system popular before the
advent of modern chemistry, which claimed that profound powers could be theirs.
“Alchemists thought that they could take a base metal such as lead and change it into gold, the most
valuable metal, or at least into silver,” Professor Rawlings said. They claimed a philosopher’s stone,
which they sought to find, would help them to do that as well as provide an elixir of life which would
confer youth and longevity. Bio-leaching is not magic however, and is just the process through which
metals are extracted from their ores through the use of living organisms, a process Professor Rawlings
understands well and has used to great effect.
Professor Rawlings, who was an A-rated scientist from 1992 until his semi-retirement in 2014, former
Head of the Department of Microbiology and Dean of Science at the University of Stellenbosch,
completed his PhD on the treatment of tannery and fellmongery effluent at Rhodes University.
He then worked at the Leather Industries Research Institute in Grahamstown for two years before
deciding that he wanted to pursue his scientific career as an academic in order to combine teaching
with research.
As mining was one of the largest industries in South Africa, he took up a post at Wits University where he became
involved in mining research. There he supervised Philippa Norman, an honours student, whose work surrounding
bio-leaching became the basis for Biox®.
“We were able to prove the huge potential for using iron- and sulphur-oxidising bacteria in the treatment of goldbearing arsenopyrite concentrates prior to the solubilisation of gold by cyanide,” Professor Rawlings explained.
41.

Alchemists thought that they
could take a base metal such
as lead and change it into
gold, the most valuable metal,
or at least into silver.

It was an extremely exciting time for him because very little work on the biology
of these bacteria had been carried out and nothing was known about their
molecular biology. At the same time recombinant DNA technology was starting
to be used in South Africa.
“Eric Livesey-Goldblatt, the manager of the research division of General Mining
Process Research at the time, was tinkering with the idea of using microorganisms
to solubilise uranium at the Buffelsfontein mine,” Professor Rawlings said, “and he
approached me to collaborate, which I was all too eager to do.”
Not too long after that, General Mining decided to sponsor a research program
surrounding this field. Professor David Woods, the father of biotechnology in
South Africa, was asked to head up the programme at the UCT. Professor Rawlings,
a former PhD student of Professor Woods, was invited to move to UCT to direct it.
A major focus of the research looked at finding a solution to the problem that
General Mining were having extracting gold from arsenopyrite rock at Fairview,
their mine in Barberton. At that time they were using a process to extract the gold
from the minerals which included roasting the rock at temperatures of 700°C. A
major problem, however, was that the rock contained large amounts of arsenic
which was released into the atmosphere and polluted the north-west side of
Swaziland.
While a pilot plant was launched to investigate the engineering that would be
needed to commercialise the process, Professor Rawlings’ efforts concentrated
on the biology of the bacteria responsible for the process. “A challenge that
caused a major obstacle was the fact that the arsenic in the rock killed off the
microorganisms we were using and so we therefore had to adapt them to become
resistant to the arsenic.” Thiobacillus ferrooxidans (now called Acidithiobacillus
ferrooxidans), together with Leptospirillum ferriphilum (ferriphilum means ironloving), ended up being the solution to the problem. These tiny bacteria need
very little to grow in water, just air, a mineral containing either iron or sulphur
and trace elements such as ammonium sulphate, potassium phosphate, and are
resistant to arsenic.
They are not attracted to the gold itself, but because inclusion of this precious
metal results in a weakness in the arsenopyrite crystal lattice, the bacteria
preferentially attack the mineral where the gold is located. The mineral contains
iron and sulphur which provides the energy which the bacteria need to live.
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“The net result is that you do not have to break down all the mineral to get the gold
out, as it was usually done, just 10 or 15% of it,” he said, “and then you just have to
“tickle the rock” by partly oxidising it in tanks and it will free 95% of the gold.”
The mineral oxidation process which was registered by Gencor as the Biox®
process is done in tanks as opposed to huge heaps, a world first. This patented
process takes four days and is now being used all over the world, in countries
such as China, Australia, Brazil and many others.

Solubilise
To make (a substance such as a fat or lipid) soluble or more
soluble, especially in water, by the action of a detergent or other
agent. Solubility is the property of a solid, liquid, or gaseous
chemical substance called solute to dissolve in a solid, liquid, or
gaseous solvent to form a homogeneous solution of the solute
in the solvent. The solubility of a substance fundamentally
depends on the physical and chemical properties of the solute
and solvent as well as on temperature, pressure and the pH of
the solution.
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1984
The first report of the cloning of a plasmid in South Africa, and amongst
the first few to clone a gene in the country
1986
The Polymerase Chain Reaction (PCR) is conceived by Kary Mullis
and revolutionises molecular biology. PCR uses a thermostable DNA
polymerase to amplify any given DNA segment billions of times in a
few hours
1986
The first Biox® biooxidation plant for the treatment of gold-bearing
arsenopyrite mineral concentrate constructed by Gencor at the
Fairview mine (Barberton)
1987
Two first two publications of genes to be sequenced from biomining
bacteria and also the first complete genes of any sort to be sequenced
and published in South Africa
1989
The Human Genome Project (HGP) begins. An ambitious plan to
“map, sequence and render accessible for further biological study” all
~100,000 human genes by the year 2005
1992
Received an A-rating from the FRD (Pretoria), the silver medal of the SA
Society for Microbiology and the Distinguished Teachers Award (UCT)
1993
Elected a Fellow of the Royal Society of South Africa
1995
Elected a founder member of the Academy of Science of South Africa
1997
Recipient of the PanLabs award by the Society of Industrial
Microbiology (USA) Edited a book published by Springer entitled
“Biomining: Theory, Microbes and Industrial Processes”Received an
A-rating for the second time from the FRD (Pretoria)
2002
Received an A-rating from the NRF (previously FRD) for the third time
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2004-2006
Elected President of the Royal Society of South Africa
2006
Received an A-rating from the NRF for the fourth time finalist in the
National Science and Technology Forum Award ‘Achievement over a
Lifetime’
2007
Second biomining book coedited with Barrie Johnson (University of
Wales, Bangor) and published by Springer, titled‘Bioming’
2011
Recipient of the Havenga Prize of the SA Akademie vir Wetenskap en
Kuns. Received the gold medal of the SA Society for Microbiology
2012-2013
Acted as Deputy Vice-Chancellor (Research) and then as Dean of Science
at the University of Stellenbosch
2014
Completed a DSc entitled ‘The biology, diversity and evolution of the
broad host-range IncQ plasmids, with an emphasis on the IncQ2 subfamily’
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Leon Dicks

A new dawn in the war against
pathogens

“Up to 95% of Staphylococcus aureus strains, one of the
most common disease-causing bacteria known to man, are
resistant to penicillin, with 70% resistant to methicillin as
well,” said Professor Leon Dicks, a distinguished Professor
of Microbiology at the University of Stellenbosch.
Staph, as it is known, is linked to skin diseases like boils and more serious
infections such as bloodstream infections, pneumonia, bone and joint
infections and can, in serious cases, result in death.
According to Professor Dicks, pathogens (your kids might call them
germs), such as Staph, have over time and through over-use of antibiotics
built up defense systems rendering the antibiotics useless.
He is, however, up-beat about man’s fight against bacterial diseases. His
optimism is not unfounded either, having spent the major part of the last
three decades devoted to researching lactic acid bacteria (LAB), with a
special interest in their antimicrobial peptides and probiotic properties,
which he asserts are the “novel new age antibiotics”.
If you eat food containing LAB, such as some types of yoghurt or kimchi, you
colonise your gut with probiotic bacteria. Some of these bacteria produce
antimicrobial peptides (AmP) that are released into your digestive system.
These “good bacteria” then fight with the “bad bacteria” for the space along
the mucus layers and epithelial cells in your gut. Both good and bad bacteria
need to attach themselves to these layers to form a biofilm.
According to him, AmPs are more effective than antibiotics firstly because
AmPs literally punch a hole right through the pathogen’s wall and cause
terminal damage.
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Over the years we have screened more than
5 000 LABs to determine whether they are
good candidates for a probiotic product
that we wish to produce.

Probiotic
adjective
Denoting a substance which stimulates the growth of microorganisms,
especially those with beneficial properties (such as those of the
intestinal flora).
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Secondly, LABs replicate rapidly, thereby colonising the gut and
having the beneficial side-effect of boosting the host’s immune
system to further fight off the bacteria.
“Over the years we have screened more than 5 000 LABs to
determine whether they are good candidates for a probiotic
product that we wish to produce,” Professor Dicks said, adding
that a good probiotic has a few distinct characteristics: they
have to stick to your gut; be able to pass through your stomach,
resisting its acid; they have to be able to compete with pathogens,
preferably killing them; increase the host’s immune system and
have no pathogenic properties of their own.
In the end, Enterococcus mundtii and Lactobacillus plantarum
were chosen to make up Professor Dicks’ probiotic. The research
and development of this product finally caught the attention
of Cipla, who now market the product as entiroTM, with the
technology used to produce it patented in 64 countries.
Professor Dicks asserts that entiroTM is better than most probiotics
on the market, because not only do the LABs in entiroTM conform
to the above prerequisites for being a good probiotic, but the
two bacteria do not compete with each other.
“Moreover, once released from the entiroTM capsule, the
bacteria separate. L. plantarum heads for the small intestinal
tract, where the conditions suit it, whilst E. mundtii settles in the
large intestinal tract. The entire gut is therefore protected,” said
Professor Dicks.
Another patent that was released onto the market is a wound
dressing that could revolutionise the way burn patients are
treated. According to Professor Dicks, out of a million such
patients, an estimated 10 000 die from secondary microbial infections
because the body’s protective layer, the skin, has been exposed.
His nanofibre wound dressing addresses this by becoming a part
of the new skin and fights infection through the broad spectrum
antimicrobial peptides that are impregnated into the dressing.
“We have created a biodegradable dressing, which is particularly
important for patients suffering burns as you can eliminate the
painful experience of having to peel the dressing off,” Professor
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Dicks said, adding that they also have a non-biodegradable dressing
which only needs to be taken off once a week.
Another possibility that Professor Dicks and his team are currently
investigating is the use of specific AmPs in the fight against cancer. The
theory is that if AmPs can punch holes into pathogen cells, why not
cancer cells?
“The difficulty is getting the AmPs to the cancer cells, so we are working
on putting them into very tiny (nano) particles,” said Professor Dicks,
continuing to explain that these particles are fitted with antennae
(ligands) which, once injected into a patient’s blood stream, are able to
hone in on the unique receptors of cancer cells that normal cells lack.
He said the nano-particles are designed in such a way that once the
ligands stick to the cancer cells, the latter are fooled into opening up
and pulling them in, allowing them to release the AmPs, which then
punch through the nuclear membrane, killing the cells.
“We are working hard to try to produce something that might be able to
cure certain cancers, such as breast, colon and prostate cancer,” said
Professor Dicks.

1907
Eli Metchnikoff, a Nobel Prize recipient, first suggested that “the dependence
of the intestinal microbes on the food makes it possible to adopt measures to
modify the flora in our bodies and to replace the harmful microbes by useful
microbes.”
2007
Patented entiroTM probiotic in 65 countries
2009
B1 NRF rating
2010
Developed a nanofibre wound dressing with antimicrobial properties
2012
Won the National Science and Technology Forum (NSTF)-BHP Billiton award
2013
Released entiroTM probiotic on to the SA market
2014
Distinguished Professor, Department of Microbiology, Stellenbosch University
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Nthato Chirwa
A star on the rise

Gastric cancer is ranked as the second most common cause of
death from cancer, with 700 000 deaths reported annually. In
the Western Cape, Coloured males are especially susceptible to
this insidious disease.
“In sub-Saharan Africa, 94% of gastric cancer sufferers will die,” said Dr Nthato
Chirwa, the current Project Manager at the Council of Scientific and Industrial
Research (CSIR) Biosciences.
“Compare this to Japan where more than half of stomach cancer patients survive
and to North America who have a similarly high survival rate and it becomes very
clear that this situation can and must be improved.”
According to Dr Chirwa, who received his PhD degree from the University of Cape
Town (UCT), a big factor contributing to the higher survival rates of stomach cancer
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Proteomics is the large-scale study of proteins, particularly
their structures and functions. Proteins are vital parts of living
organisms, as they are the main components of the physiological
metabolic pathways of cells. The term proteomics was first
coined in 1997 to make an analogy with genomics, the study
of the genome. The word proteome is a blend of protein and
genome, and was coined by Marc Wilkins in 1994 while working
on the concept as a PhD student.
patients in Japan and America is early detection. In Japan, mass screening using
photofluoroscopy has been practiced since the 1960s and in North America
a rigorous endoscopic screening programme for gastric disorders has been
adopted by the medical profession.

In South Africa, however, due to the levels of poverty
and lack of medical treatment available to large sectors
of society, these technologies are not appropriate
for early detection. The available markers, such as
carcino- embryonic antigen (CEA), increase in levels
only when the disease has spread considerably, and
then it is too late.
Since the 1990s Professor Anwar Mall, of the
Department of Surgery at UCT, has been conducting
research into finding an appropriate solution to the
problem, with a major focus on mucins. Mucins have
shown promise as diagnostic markers in disease, for
example, MUC4 in human pancreatic cancer and MUC1
for breast cancer.
By the time Dr Chirwa joined Professor Mall’s research
team as a PhD student, studies had shown that a
glycoprotein known as 40-50 kDa was present in crude
mucus scrapings of both cancer patients and those with
ulceration of the mucosa. “We eventually identified
it, using proteomics, as an alpha-1-acid glycoprotein
(AGP), also known as orosomucoid, which is a
product of three adjacent genes (AGP-A, AGP-B and
AGP-B),” he said.
Dr Chirwa then went on to show that levels of AGP
are slightly higher in the bloods of patients with
cancer than in those without. His PhD work was
considered so innovative and full of promise that
it was published in the Journal of Cancer and in the
World Biomedical Frontiers.
Chirwa said that this was a very important discovery
because, firstly, it confirmed earlier suggestions by
Professor Mall and his associates that the fragment
was an N-linked glycoprotein and not an O- linked one
as previously thought. Secondly, its identification as
an AGP allowed for further research to characterise its
clinical application as a more specific approach for early
detection of gastric cancer, research that is currently
ongoing in Professor Mall’s Lab.
48.

I took what I had learnt at UCT,
specifically my research into
mucins, and was able to carry that
knowledge over into the work being
done at the Wits Drug Delivery
Research Group.

In 2010, Dr Chirwa was again in the headlines, this time on the television progamme Carte Blanche, for his
research work on the design of an intraperitoneal-based targeted drug delivery system for the treatment of
ovarian cancer (at the University of the Witwatersrand, Department of Pharmacy, Drug Delivery platform
led by Professor Viness Pillay). Ovarian cancer is a challenging disease to treat. Since it presents with few
early symptoms, it is usually diagnosed when in advanced stages when peritoneal spread has occurred.
“I took what I had learnt at UCT, specifically my research into mucins, and was able to carry that knowledge
over into the work being done at the Wits Drug Delivery Research Group,” Dr Chirwa said. He explained that
traditional therapy relied on chemotherapy where huge doses of drugs were administered and that this
came at a cost because all the organs were affected by the drugs, not just the cancer cells.
“We worked very hard to develop a system through which we would be able to deliver the ‘atomic bomb’
where it is needed, and only there,” Dr Chirwa enthused. He went on to explain that ovarian cancer
expresses a very aberrant mucin, MUC16, and that this was like the cancer cell putting a big target on itself.
They then went about finding an antibody that would recognise this target. A system was devised to
attach this to a nanoparticle loaded with the chemotherapeutic drug, and this MUC16-guided missile is

administered to a patient. Therefore, the destruction of healthy tissue
associated with conventional chemotherapy is avoided, the residence
time of the nanomicelles at the tumor site increases and the tumor
takes in more chemotherapeutic drugs. All of this aids in preventing
recurrence and chemo-resistance.
“Other cancers like pancreatic, prostate, metastatic breast and lung
cancer also have specific mucins as in the case of ovarian cancer, so
these can also be targeted by our technology,” said Dr Chirwa, adding
that they have filed for an international patent for their product.
More recently, Dr Chirwa was awarded the CSIR Young Researcher
Establishment Fund (YREF) for his proof-of-concept study to inhibit
the transmission of HIV-1 in human breast milk using aptamers, which
are oligonucleic acid or peptide molecules that can bind to a specific
target molecule and be used for basic research or for clinical purposes
in macromolecular drugs.
According to Dr Chirwa, the World Health Organisation (WHO) got
it wrong when they said “breast is best” because mother to child
transmission of HIV does occur through breastfeeding. He added that
this has a larger impact on poorer communities where people are not
able to afford costly baby foods and milk powders.
“I have loved all the research work I have done, but my real desire is
that we will be able to take what we have done on paper and translate
that into medicines that are going to help South Africans lead normal,
healthy lives,” he said.

1982
Monoclonal antibodies (anti-MUC1 antibody) raised to detect MUC1 secreted in
the sera of pancreatic cancer patients for the ultimate use as a diagnostic marker for
pancreatic cancer
1984 - 1989
Anti-MUC1 antibody extensively studied in the United States and in Japan using
competitive assays
1990s
Professor Anwar Mall, of the Department of Surgery at UCT, begins conducting
research into finding an early detection system for pancreatic cancer, with a major
focus on mucins
1997
MUC1 levels in serum shown to be a good survival predictor for metastatic pancreatic
cancer patients
2010
Dr Nthato Chirwa and co-inventors at WITS University, Faculty of Health Sciences,
School of Therapeutic Sciences, Department of Pharmacy and Pharmacology,
Division of Pharmaceutics, Drug Delivery Platform (WDDP) file US patent application
for a biodegradable nano-enabled implant for targeted cancer chemotherapy
2012
Dr Nthato Chirwa awarded the CSIR Young Research Establishment Fund (YREF) for
research focusing on the inactivation of HIV-1 in breast milk using aptamers.
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I have loved all the research
work I have done, but my real
desire is that we will be able
to take what we have done on
paper and translate that into
medicines that are going to help
South Africans lead normal,
healthy lives
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Edward Rybicki

Success on the back of a
golden bullet
South Africa has produced numerous world firsts. Dr
Christiaan Barnard’s heart transplant was a case in point.
Professor Edward Peter Rybicki, a man with no less than
44 patents in 11 patent families granted in six continents,
likewise holds a world first.
“It took 17 years but our persistence finally paid off and we became
the first people globally to develop genetically modified maize resistant
to maize streak virus (MSV),” said Professor Rybicki, adding that this
accomplishment was the fruit of his collaboration with Professor Jennifer
Thomson and two of their PhD students, Tichaona Mangwende and
Dionne Shepherd.
According to him, the original idea for the project was sparked in 1990
and initially Professor Rybicki provided the expertise relating to MSV and
Professor Thomson the funding and supervision. Under their guiding hand
and using Professor Rybicki’s techniques, the young Mangwende was able
to test the DNA that he had made for MSV resistance by shooting the
DNA into maize cells using tiny bullets made of gold, in a process called
biolistics.
Mangwende’s constructs tested positive for MSV resistance in cells, and
that earned him his PhD. Shepherd’s research overlapped Mangwende’s
and ultimately she was able to refine Mangwende’s DNA constructs and
take the project through to its completion, putting the DNA into two
different kinds of plants.
“The first plant was a complete accident, actually. A PhD student of
Professor Thomson’s was working with a student of mine on developing a
system for making a common grass transgenic. When those regenerated
plants were transferred into our plant room, insects that transmit MSV
got onto them and we discovered coincidentally that they were highly
susceptible to MSV,” Professor Rybicki said.
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“So all of a sudden we had a nice system that had come originally from right
in front of the UCT sports centre for testing MSV resistance,” Professor Rybicki
said, explaining that it is easier to make transgenic grass than maize, largely
because it develops much quicker to maturity.
Shepherd was then able to pick one of Mangwende’s DNA constructs that did
not damage the test grass plants, but which still conferred MSV resistance,
and put it into maize plants. According to Professor Rybicki, it was a slow
process involving making embryonic callus from maize seeds, followed by
bombardment, selection, regeneration, growing the maize plants, and finally
harvesting seed from the crop.
He said that the process took about nine months but was made a lot easier
because of a partnership between themselves and a private company called
Pannar Ltd in KwaZulu-Natal.
“They were extremely helpful, flying our plants back and forth in their
private jet in order that we could test them under natural conditions in their
greenhouses, as well as doing all of the breeding that was necessary to get the
genes into their maize lines,” Professor Rybicki said.
According to Professor Rybicki, while the first generation product gave maize
plants that were reasonably resistant compared to conventionally-bred plants,
the latest, third generation DNA constructs which they have recently developed
showed much more impressive virus resistance.
He said that it is particularly important to get MSV resistant maize seed to the
market for small scale and subsistence farmers, because it is quite common for
them to lose their entire crop to this destructive virus.
“Most of the maize grown in Africa for eating is done by small scale farmers who
can’t afford irrigation or sufficient (if any) fertilisers and pesticides. They are
therefore at the mercy of the rain, and with it comes the insects carrying MSV,”
Professor Rybicki said, adding that he was saddened to hear that Pannar, recently
bought by DuPont/Pioneer, have decided to put all research projects on hold.
He said that this was sad because the accumulated knowledge and technology,
gained over many years in producing transgenic maize resistant to MSV, is now
just sitting idle. He was hopeful, though, that they might be able to obtain the
necessary funding to see the project through to its end.
In the meanwhile Professor Rybicki has been pioneering the use of geminiviruses,
a group to which MSV belongs, as a vehicle to express foreign genes in plants
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So all of a sudden we had a nice system
that had come originally from right in
front of the UCT sports centre for testing
MSV resistance.

for high-level expression of pharmaceutically-important proteins. He
has managed to use this technique to increase protein levels in plants,
making it more feasible to produce them commercially.

1986
The first virus-derived genes used in transgenic plants to protect them
against virus infection

“I am also very pleased to be working on several successful projects
with my wife, Professor Anna-Lise Williamson, using plants to make
vaccines for humans and animals. Examples include HIV-1 subtype C,
found specifically in Africa, human papillomaviruses (HPVs), the most
commonly transmitted sexual disease, types of which can lead to
cancer, and beak and feather disease virus of parrots.

1989
The first pharmaceutically-relevant protein – a monoclonal antibody –
expressed in transgenic tobacco

The recently-established Biopharming Research Unit has also been
successful in making a novel chimaeric prophylactic as well as
therapeutic HPV vaccines, candidate H5N1 avian influenza virus
vaccines, products for human rotaviruses from South Africa, vaccine
candidates for the bluetongue virus found in sheep, as well as proteins
from the dangerous arthropod-borne Rift Valley fever and CrimeanCongo haemorrhagic fever viruses,” Professor Rybicki said.

1992
The first candidate human virus vaccine expressed in transgenic plants

It is in this sphere that, according to Professor Thomson, Professor
Rybicki’s Biopharming Research Unit (affectionately known as “the
BRU”) in the Molecular and Cell Biology Department at UCT, has
become the best such lab in Africa, possibly the best in the developing
world, and one of the better academic labs in the world.

Vector (molecular biology), vehicle used to transfer genetic
material to a target cell

1990
Ed Rybicki and Jennifer Thomson initiate a study on transgenic resistance
to maize streak virus; file first patent in SA for virus-resistant transgenic
tobacco plants

1998
Co-inventor with Anna-Lise Williamson on US patent application for oral
vaccination with recombinant insect cell-made HPV L1 virus-like particles
1999
Prof. Rybicki’s group pioneers the use of MSV-derived DNA vectors to
express foreign genes inmaize cells
2001
Profs Rybicki and Thomson, and Drs Mangwende and Shepherd, patent
MSV-derived DNA constructs conferring resistance to MSV infection
2001-2002
Prof Rybicki and his group patent production of HPV L1 protein in
transgenic plants and via tobacco mosaic virus-derived vectors in tobacco,
and insect cell produced chimaeric HPV L1 protein
2002 – 2005
Rybicki group patents insect cell production of HIV-1 C Gag protein
and chimaeric HIV-1 Gag, an enhanced DNA vaccine vector, enhanced
production of recombinant proteins in plants, and beak and feather
disease virus vaccine production
2006
B1 research rating National Research Foundation; also demonstrated first
proof of efficacy of a plant-produced papillomavirus vaccine in a rabbit
model
2007
Rybicki’s group became the first group globally to develop genetically
modified maize resistant to MSV; also demonstrated first high-level
transient production of HPV-16 L1 protein in plants.
2011
A2 research rating awarded by the NRF; patent application for novel
chimaeric HPV vaccines made in plants
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Marco Alessandrini
A beacon for Africans
the world over

South Africa is poised to become the very first African country
to have a public cord blood stem cell bank. Achievements like
this do not materialise through magic, but intrepid people drive
initiatives that produce magic.
“This is important for South Africa, Africa and for Africans the world
over,” enthused Dr Marco Alessandrini, who has been instrumental from a
scientific and business point of view in seeing this ambitious project come
to light. “It will put South Africa and Africa on the world map, as the bank
will become part of worldwide stem cell registries and Africans the world
over will now be able to fully benefit from this therapy,” he said.
According to Dr Alessandrini, up until now many Africans have not been
able to derive benefit from stem cell therapy because most donors have
been of Caucasian descent. Coupled to the high level genetic diversity
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Stem cells are undifferentiated biological cells that can
differentiate into specialised cells and can divide (through
mitosis) to produce more stem cells. They are found in
multicellular organisms. In mammals, there are two broad
types of stem cells: embryonic stem cells, which are isolated
from the inner cell mass of blastocysts, and adult stem cells,
which are found in various tissues. In adult organisms, stem
cells and progenitor cells act as a repair system for the body,
replenishing adult tissues. In a developing embryo, stem cells
can differentiate into all the specialized cells—ectoderm,
endoderm and mesoderm—but also maintain the normal
turnover of regenerative organs, such as blood, skin, or
intestinal tissues.

Ltd. Amongst other things, he helped establish a globally recognised
pharmacogenetic laboratory offering services for international
clinical trials.
During the spring of 2008, Dr Alessandrini began work at Key
Oncologics (Pty) Ltd as the Clinical Trials & Product Manager. Highlights
for him during his tenure were that he got to initiate and manage
clinical trials across South Africa with world-class oncology drugs and
outstanding local oncologists. At the same time he co-founded ME
Health Enterprises, a private consultation company offering services to
the medical, biotechnology and scientific community.
“I was contracting on various projects for the University of Pretoria
when I realised that I could combine my two passions, a love for
clinical research and for business,” Dr Alessandrini enthused, adding

of African populations, he said that Africans therefore have 50% less
of a chance of finding a suitable donor because a genetic match is
imperative to successful stem cell transplants. Some sources claim
that as few as 5% of Africans needing stem cell therapy ever find a
compatible donor.
The young doctor, who grew up in Johannesburg and attended King
Edward VII School, said that he became fascinated with getting down
and dirty with health sciences during his time as a BSc student and that
he was spurred on by a desire to find something useful that his father
could use in his practice.
“Growing up my dad was my hero and because he was a doctor, I wanted
to be a doctor,” said Dr Alessandrini, “so after school I enrolled in a BSc
course at the University of Pretoria as a first step to becoming a medical
doctor. However, while I was doing my honours degree, I realised that I
really enjoyed the sciences and that this is where the success of clinical
practice begins, so decided to stick with it,” Dr Alessandrini explains.
Dr Alessandrini worked part time for the Department of Human
Genetics at the University of Pretoria (UP) in 2001 while studying for
a BSc Honours degree, and for the company DNAbiotec Pty (Ltd) from
2002 until 2006 while completing his MSc and PhD degrees.
Between 2007 and 2008, Dr Alessandrini was the Head of Molecular
Diagnostics at a home grown company, Synexa Life Sciences (Pty)
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that he registered as a post-doctoral fellow in 2011 in the
Department of Immunology and the Institute for Cellular
and Molecular Medicine at the University of Pretoria,
which was successfully funded by a National Research
Foundation (NRF) Scarce Skills Scholarship for three years.
He is involved in multiple projects at the University under
the guidance of Professor Michael Pepper, but his primary
areas of interest are in the pharmacogenetics of African
populations and the translation of stem cell therapies to
the clinic. Using his unique skills set, he has set about being
intimately involved in the scientific work being done as well as
conducting feasibility studies, writing business plans, seeking
funding and other business aspects necessary for ultimately
getting the science to the market where it is needed.
“We are also working on an HIV gene therapy project that
prevents HIV from infecting the immune system, and we
are hoping rather ambitiously, as I am sure all scientists
are, to find a cure for HIV,” Dr Alessandrini said, adding
that they are aiming to start human trials in 2016.
According to him, the possibility of finding a cure for HIV is
looking fairly positive. He quotes a recent case of a patient
living in Berlin who was treated for leukaemia and ended
up being cured of both leukaemia and HIV infection. It
is believed that the “Berlin Patient” occurred as a result
of the patient receiving stem cells from a donor who had
natural resistance to HIV infection.
The mutation responsible for this resistance to HIV infection
is called CCR5 delta 32 homozygosity and is present in less
than 1% of Caucasians in Northern and Western Europe.
This genetic profile causes the CCR5 co-receptor to be
absent from cells. And because the most common variety of
HIV uses CCR5 as its ‘docking station’, attaching to it in order
to enter and infect CD4 cells, people with this mutation are
almost completely protected against infection.
“Much of what we are working on now stems from the
brain power of Professor Pepper,” said Dr Alessandrini,
“and I will do all I can to make sure that we get a cure to
clinics so that sick people can lead normal, healthy lives
again.”
55.

1988
First successful bone transplantation occurred in a young boy with Fanconi anemia
using umbilical cord blood collected at the birth of his sibling
2008
The “Berlin Patient” receives a hematopoietic stem cell transplantation from a donor
with a CCR5 delta32 mutation, and is cured from HIV infection
2008
Dr Alessandrini starts working a Key Oncologics and Clinical Trials and Product
Manager
2009 Dr Alessandrini starts his own company, ME Health Enterprises and starts
providing consultation services for various clients, including the University of Pretoria
2011
Dr Alessandrini registers as a post-doctoral fellow at the Institute for Cellular and
Molecular Medicine at the University of Pretoria - working on an HIV gene therapy
project

I will do all I can
to make sure
that we get a
cure to clinics so
that sick people
can lead normal,
healthy lives
again.

Antonel Olckers
Genetics, the maths of
biology

“I realised during my times in court that lawyers and judges
know nothing about DNA and how to go about introducing
DNA evidence in a court proceeding,” said Dr Antonel Olckers,
the CEO of DNAbiotec (Pty) Ltd, a successful biotechnology
company she founded 13 years ago.
Dr Olckers has acted as an expert witness in many landmark DNA
evidence cases, including the first ever in South Africa: The State vs
Maqhina, 2001.
Since then she has been involved in several high profile cases and the
professionalism with which she has done this has changed the way in
which evidence is submitted to court on a national level.
“I initially wanted to do a PhD in Mathematics but while still an
undergraduate I discovered genetics, which is the maths of biology and
the best of both worlds,” said Dr Olckers, who later went on to specialise
in human molecular genetics.
Her testimony in court has generally focused on the scientific validity of
the DNA evidence and the ethical practice of forensic scientists during
testimony, and marked improvements have been made regarding how
this evidence is gathered and presented in court.
However, a number of issues remain including: accreditation of DNA
labs; regulation of the forensic science profession; continued education;
training of court officials; quality assurance; biased testimony; lack of
transparency with regard to processes and procedures followed in the
forensic community; incorrect interpretation of DNA evidence; lack of
scientific knowledge (including the scientific method) by DNA experts;
awareness by the legal profession and an over emphasis on the prosecuting
perspective.
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“For a scientist success in court is not measured at the level of justice (guilt or not) but at the level of delivering ethical and scientifically valid testimony. This is done
with a focus of assisting the court,” Dr Olckers said, adding that it would take continuous and concerted efforts from the scientific and legal professions to bring about
the appropriate changes needed to facilitate justice for all in South Africa.
“It is therefore imperative that everyone involved in the use of DNA in a criminal case is properly trained,” Dr Olckers said, adding that current education curricula
of legal professions do not include forensic science evidence and principles. Her company has, since 2002, trained hundreds of advocates, magistrates, lawyers and
judges on how to handle DNA evidence properly in a court of law.
In DNAbiotec® Dr Olckers has combined her love for science and business, bringing technology and science IP to the market as products and services. This company
has developed the Essential Short Course Series™ to help other scientists with either technical or business skills that they will need to be successful in science;
whether it be in academia or the private sector. In 2012 Dr Olckers received the Biotech Fundi Capacity Builder Award from the Gauteng Department of Agriculture
and Rural Development (GDARD) for the training she had done via this short course series and over her academic career.
Dr Olckers served on the National Biotechnology Advisory Committee (NBAC) of the National Advisory Committee on Innovation (NACI) and the BioEconomy Project
Team of NACI of the Department of Science and Technology (DST). She was also a member of the Bio-Economy Strategy Steering Committee, convened by DST.

I initially wanted to do a PhD in
Mathematics but while still an
undergraduate I discovered genetics,
which is the maths of biology and the
best of both worlds.
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She started out in an academic career, with her final position being that of
the Director of the Centre for Genome Research. She has supervised 32
postgraduate MSc/PhD students, 24 of these while working in DNAbiotec®.
“My passion is to empower other scientists with the hard and soft skills they
need but generally do not get during their science training,” Dr Olckers said,
“and I have found that we start out by training people and often end up
inspiring them. We cannot aim to achieve anything better than this.”

Genome
It is the haploid set of chromosomes in a gamete or microorganism,
or in each cell of a multicellular organism. In other words, it is
the complete set of genes or genetic material present in a cell or
organism.

1995
The first National DNA Database was established in the United
Kingdom
2001-2008
Director of the Centre for Genome Research, of the North-West
University (NWU)
2001
Founded DNAbiotec® a private core biotechnology company,
operating in the field of molecular human genetics, and appointed as
its CEO
2003
Published a paper entitled“Natural selection shaped regional mtDNA
variation in humans,” in Proceedings of the National Academy of
Sciences of the United States of America (PNAS), presenting evidence
for the first time that populations adapted to their environments at
the genetic level
2006
DNAbiotec® develops the first ever forensic science qualification for
South Africa at NQF level 5
2009-present
Extra-ordinary Professor appointment in the Department of
Immunology, Faculty of Health Sciences, University of Pretoria
2012
Receives the “Biotech Fundi Capacity Builder Award” for efforts in
training via the Essential Short Course Series™ of DNAbiotec®, as well
as post-graduate student supervision
April 2013
South African Cabinet adopts the DNA Act
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Michael Pepper

Infinite life in a minute cell

A team of researchers at the University of Pretoria, in collaboration
with researchers at the Universities of Geneva and Zurich, have
shown in laboratory tests on “humanised mice” to have developed
what could be considered to be a cure for HIV/AIDS.
“Firstly, the mice are humanised by destroying their immune system and
replacing it with human bone marrow,” said Professor Michael Pepper, who is
heading up this novel research in Pretoria, “and then the new cells are removed,
genetically engineered to be HIV resistant and finally put back into the mice.”
Professor Pepper, the Director of the Institute for Cellular and Molecular
Medicine, and a professor in the Department of Immunology in the Faculty
of Health Sciences at the University of Pretoria, continued to explain that
the mice, which are then infected with the HIV virus, subsequently become
59.

angiogenesis
noun [ mass noun ] Physiology
the physiological process through which new blood vessels
form from pre-existing vessels. Angiogenesis is a normal and
vital process in growth and development, as well as in wound
healing and in the formation of granulation tissue. However,
it is also a fundamental step in the transition of tumours
from a benign state to a malignant one, leading to the use of
angiogenesis inhibitors in the treatment of cancer

resistant to it. This work, which has been done in Zurich, is now being
established in Pretoria.
He explained that this technology, specifically related to the gene therapy
vector, which they co-own patents to with the University of Geneva, is the
result of an idea sparked by the “Berlin Patient,” which is the story of Timothy
Ray Brown, the first man medically reported to have been cured of HIV/AIDS.
“Mr Brown, an American who was HIV positive and living in Berlin,
developed leukaemia. His doctor, Gero Hütter, came up with the idea to
try to cure Mr Brown of both leukaemia and HIV based on a hunch that
he might be able to prevent HIV from entering white blood cells,” said
Professor Pepper.
Dr Hütter then went in search of a bone marrow donor who carried a rare
mutation called CCR5delta32, a genetic mutation in which a person lacks
the CCR5 co-receptor cells needed by the HIV virus to latch onto before
it can infect its host.
Professor Pepper added that although Mr Brown was healed, there is no
trace of HIV in his system and he is not on anti-retroviral drugs anymore,
he will have to be on immuno-suppressive drugs for the rest of his life to
prevent rejection of the stem cells.
“Our technology will go one step further in that the patients will not have
to depend on finding a suitable donor or have this ongoing treatment
afterwards because the cells will have been harvested from the patients
themselves,” he explained, adding that they are now in the process of
laying the foundation for clinical trials to take place in humans.

Our technology will go one step
further in that the patients will
not have to depend on finding a
suitable donor or have this ongoing
treatment afterwards because the
cells will have been harvested from
the patients themselves.
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Professor Pepper obtained his PhD degree from the University of
Geneva in 1990 for his research into understanding the mechanisms of
angiogenesis, with a particular focus on cancer.
According to him, his research led to the development of novel therapeutics
currently being used clinically. These include angiogenesis inhibitors, used
in the treatment of cancer patients, and on the flip-side treatments that
stimulate angiogenesis in order to aid in the healing of wounds.
“I have always had a passion to heal people so early on in my career I had
to make a difficult decision between practicing as a medical doctor or
pursuing a career as a medical research scientist,” said Professor Pepper,
explaining that he realised he would not be able to do both well at the
same time.

About his decision to go the route of a medical research scientist, he says that he can see how
his decision has led to him being able to reach many more people than he would have been able
to from a doctor’s room but is quick to add that he misses the connection he had with patients.
Driven by this passion for people, Professor Pepper also specialises in work involving the human
genome. Since his return to South Africa in 2004 he has become involved in the advocacy for
a national framework regulating the medical field, specifically with regards to biotechnology.
Until recently he was Chairperson of the National Biotech Advisory Committee to the Minister
of Science and Technology and a member of the National Advisory Committee on Innovation
(project leader of the then “Bioeconomy Policies and Strategies”).

1968
The first major landmark in bone marrow
transplantation occurred with successful allogeneic
transplantations

Since 2009 he has been responsible for co-ordinating the revision of Chapter 8 of the National
Health Act and its regulations. A particular passion of his, one to which he has dedicated
the last seven years of his life to, has been the implementation and revision of the national
legislation regarding the controversial subject of stem cells.

1988
First successful bone transplantation occurred in a
young boy with Fanconi anemia using umbilical cord
blood collected at the birth of his sibling

“Stem cells are currently successfully being used in many treatments, including stem cell bone
marrow transplants for the treatment of leukaemia, but unfortunately many clinics and doctors
are selling stem cell therapies for a host of diseases without medical evidence to back up the
claims. It is a very sad situation because many very emotionally vulnerable people are being
taken advantage of and are spending a lot of money just to have their hopes dashed,” said
Professor Pepper, adding that the potential to use stem cells in different therapies including
heart disease, diabetes, blindness, and spinal cord injuries remains.

1997
Prof Pepper obtained his Habilitation and had the title
Privat Docent conferred on him by the University of
Geneva, Switzerland
2004
Successful application of a humanized anti-VEGF
antibody (angiogenesis inhibitor) in the clinic
2004
Prof Pepper returned to South Africa with the aim of
bringing back the cutting edge technology he had
acquired in Switzerland to address the many infectious
diseases rampant in South Africa
2009
Prof Pepper developed a five-day continuing education
course in bio-entrepreneurship
2011
Prof Pepper co -responsible for the Southern African
Human Genome Programme which was launched in
January 2011
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Carolyn Williamson
Tackling a huge scientific
challenge

In 1981 a mysterious disease began to present itself in gay men
in the United States. Although these men had no previous history
of having impaired immunities, they presented symptoms of
Pneumocystic carinii pneumonia (PCP), a rare opportunistic
infection occurring in people with compromised immune systems
Those affected often developed a rare skin cancer called Kaposi’s sarcoma. As more
men fell sick with these two diseases, the press got wind of it and began to call
this outbreak GRID, which stood for gay-related-immune-deficiency. However, the
epidemic was not confined to gay communities but also affected haemophiliacs,
and intravenous drug users.
The first cases in Africa were described in the early 1980s where it affected
heterosexual populations. Here it was initially known as “slim disease” as
it was associated with weight loss. As it spread, it became clear that it was
affecting larger slices of the population, and thus in July 1982 the word that
has become a household name globally was spoken for the first time: acquired
immunodeficiency syndrome or AIDS . In 1984 a new retrovirus was discovered as
the causative agent of AIDS. This virus was later called Human Immunodeficiency
Virus or HIV, and is thought to have originated in Africa.
“I became involved in HIV research in 1994 and at that time two separate
epidemics had been identified globally,” said Professor Carolyn Williamson,
Head of the Division of Medical Virology and of the Department of Clinical
Laboratory Sciences at the University of Cape Town (UCT) and National Health
Laboratory Services (NHLS).
A trained virologist, she explained that the first epidemic identified in the US
related to men who have sex with men (MSM) and was a subtype B virus. The
second epidemic had its origins in Africa, and in Southern Africa was found in
heterosexuals and was mainly a subtype C virus.
According to Professor Williamson, the first question she needed to answer was;
“Where did the prevailing HIV strain in South Africa originate?”
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“We ended up finding that both strains were circulating in South Africa, the
subtype B in our MSM population and the subtype C in our heterosexual
population, which in hindsight should have been obvious given travel history
and migration patterns,” she said.
Professor Williamson’s research concluded that a staggering 95% of heterosexual
HIV transmission in southern Africa was via the same subtype C introduced multiple
times into the country.
At that time, the late 1990s, almost all HIV vaccines in development globally were
based on subtype B, which was the predominant strain circulating in high-income
countries. Professor Williamson pointed out the fact that a virus’ variation can affect
the efficacy of a vaccine, therefore it was clear to her and her research team that
the vaccine being developed overseas would in all probability be less effective in
South Africa.
“We were the first group in South Africa to point out and describe these
two distinct strains of HIV-1 that were prevalent in South Africa,” Professor
Williamson said, adding that this information was key to the formation of the
cabinet sanctioned South African AIDS Vaccine Initiative (SAAVI), which had
the mandate to develop an affordable, effective and relevant HIV vaccine.
She added that this early work also had a global impact. The vaccine strains
she had identified were eventually included by the International AIDS Vaccine
Initiative (IAVI) into two vaccine platforms that were tested in humans in the
USA, India, Europe and Africa.
Building upon the foundation of this research, Professor Williamson partnered
with the UCT-based SAAVI consortium to try to make the dream of a locally
produced, affordable and effective HIV vaccine a reality. Her sister, Professor
Anna-Lise Williamson, who has an office down the corridor, was the Director of
the project. Carolyn Williamson held the portfolio of the DNA vaccine principal
investigator, leading the design and construction of two DNA vaccines.
She also co-led the effort to drive the two SAAVI DNA vaccines as well as a third
Modified Vaccinia Ankara (MVA) vaccine through the manufacturing process (UK
and USA) and regulatory review (USA and SA). These HIV vaccines became the
first to be developed in low/middle income countries and to go to human trials.
“We tested the vaccines here in South Africa as well as in the USA and
they proved to be safe and immunogenic,” Professor Williamson enthused.
“Unfortunately they lacked some of the vaccine responses we needed, so we
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I became involved in HIV research
in 1994 and at that time two
separate epidemics had been
identified globally.

have gone back to the drawing board.”
She was not thwarted by this setback though, rather deciding to take a
philosophical stance. “The development of an HIV vaccine is one of the
biggest challenges facing the scientific community today. Although we
haven’t achieved the ultimate goal of an effective vaccine, we have made
considerable progress to date by persevering with a ‘brick upon brick builds
a house’ approach,” she said, adding that she has felt privileged to have been
able to contribute towards the global struggle against this epidemic.

inoculum
noun Medicine
a substance used for inoculation.
ORIGIN early 20th cent.: modern Latin, from Latin inoculare (see
inoculate), on the pattern of the pair coagulate, coagulum.
In biology, inoculum refers to the source material used for
inoculation. The word is used in three senses:

In medicine, the material that is the source of
the inoculation in a vaccine

In microbiology, the cells, tissue, or viruses that
are used to inoculate a new culture

In forest pathology, any part of a pathogen that
can cause infection of a host.

1980
First cases of AIDS recognised in USA
1983
First cases of AIDS reported in South Africa in MSM
2000
Founding member of the African AIDS Vaccine Programme
2001
Co-winner of the World Technology Award for Health and Medicine (in London)
2002
Lodged patents on selection of HIV subtype C isolates and their genes for inclusion into vaccines
2009
Co-chair of the International AIDS Vaccine Conference – the first time the meeting was held in Africa
2009
First HIV vaccine, tested in Thailand, shown to be partially effective
2009
First South African developed vaccine, led by UCT investigators, started Phase I clinical trial in South Africa
2010
First HIV Microbicide, tested in South Africa, found to be partially effective
2014
Made Head of Department of Clinical Laboratory Sciences at Faculty of Health Sciences UCT
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The Cancer Association of South Africa (CANSA) has reported
that one in every 41 women in South Africa will develop cervical
cancer. Astonishingly, 60% of those women will die, even though
this is a preventable and curable disease.
“I began my career as a member of a team that discovered the jaagsiekte
retrovirus that causes lung cancer in sheep,” said Anna-Lise Williamson, a
Professor and Chair in Vaccinology (DST/NRF South African Research Chairs
Initiative) at the Institute of Infectious Disease and Molecular Medicine at
the University of Cape Town (UCT).
“It was therefore a logical decision to continue my research on cancer
causing viruses when I began to work at UCT in 1987,” she said, adding that
she elected to work on human papillomavirus (HPV) which causes cervical
cancer .
Professor Williamson said that cervical cancer is preventable through
lifestyle choices, regular Pap smears as well as early detection of HPV, the
most commonly sexually transmitted infection.
“People started realising there was a link between sexual activity and cervical
cancer when studies showed that while it was very rare for nuns to contract
cervical cancer, the disease was prevalent amongst wives of traveling
salesmen,” Professor Williamson explained, adding that Harald zur Hausen,
who won the Nobel Prize in Medicine in 2008, was responsible for most of
the groundbreaking research into this problem.
Further research showed that there are many different types of HPV, with
about 15 of those types associated with cervical cancer. Professor Williamson,
who began her research into the virus two decades ago, showed, together
with her research team, that the most prevalent HPV type in South
African cancers is HPV 16, the type which is targeted by the vaccines
now on the market.
Professor Williamson’s passion to see an end to cervical cancer spilled over
into her becoming an advocate for establishing a local HPV vaccination
programme, participating in many “stakeholder” meetings as an expert on
HPV vaccines. Since 2010 she has sat on the South African HPV Advisory
Board, in 2013 on the National Advisory Group on Immunization HPV Working
Group and in 2014 on the NHLS Board Research Committee.
“We were delighted when government rolled out its HPV vaccine program
to vaccinate all nine year old girls in public schools earlier this year (2014),”
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Anna-Lise Williamson
Hope for the women of
the Rainbow Nation

Professor Williamson said, explaining that the programme is aimed at prepubescent girls who are hopefully not yet sexually active.
“Conservative estimates point to the fact that the vaccine will reduce the
prevalence of cervical cancer by at least 50 to 60%. In Australia, where the
government has run a HPV vaccination program for a long period, genital
warts have virtually disappeared,” she remarked.
Professor Williamson is now actively involved in setting up projects to monitor
the impact of the vaccination programme, with screening programmes being
planned to look at the vaccinated girls in five years’ time when they become
sexually active.
“It is very important to find vaccines for diseases because they are the most
cost effective way to control infectious diseases,” she said, adding that The
World Health Organization (WHO) has said that effective vaccines against
killer diseases avert between two to three million deaths every year. Professor
Williamson pointed out that smallpox and rinderpest were eradicated by
vaccination and polio is almost eradicated.

We were delighted when government
rolled out its HPV vaccine program
to vaccinate all nine year old girls in
public schools earlier this year.
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Her interest in making live vaccines that are heat stable and inexpensive
to produce have already yielded great results. Using poxviruses and the
tuberculosis vaccine, BCG, as vehicles to deliver novel vaccines, she has
made novel candidate vaccines for a number of viruses including HIV, HPV,
rotavirus, rabies virus and Rift Valley fever virus.
Professor Williamson is part of The HIV Vaccine Development Group within
the Institute for Infectious Disease and Molecular Medicine at UCT, which is
considered to be one of the most successful biotechnology research groups
in Africa, being the only group in Africa to have designed and constructed
candidate HIV vaccines to be manufactured for phase one clinical trials, as
well as developing a number of sophisticated technology platforms on the
way to delivering the only credible candidate HIV vaccines to be developed
outside of the developed nations.
“Over six million South Africans are infected with HIV and more people get
infected every day,” said Professor Williamson, “and because interventions
like using condoms or microbicides rely on ongoing compliance, which does
not happen with many individuals, a successful vaccine, which only requires
a limited number of immunisations, is regarded as the best way to control
the pandemic.”

Since 2000 Professor Williamson has been director of a team that
has numbered up to 45 people that have developed a pipeline of
candidate HIV vaccines. Two vaccines were taken from concept
to phase 1 clinical trial in a collaborative effort with the South
African AIDS Vaccine Initiative (SAAVI), National Institutes of
Health (USA) and HIV Vaccine Trials Network.
However, Professor Williamson notes that there are many
challenges in making HIV vaccines and they are not there yet. The
only vaccine trial, performed by Rerks-Ngarm and colleagues,
to produce a note-worthy response (31%) against HIV infection
was done in Thailand. She emphasised that “each candidate
HIV vaccine tested adds to the knowledge needed to eventually
design a successful vaccine.”
“There are still many diseases that are not controlled by vaccines,
HIV being a major one of those, so there is a need to develop
better and more stable vaccines, not only for people but also for
livestock,” she said.

A vaccine is a biological preparation that improves
immunity to a particular disease. A vaccine typically
contains an agent that resembles a disease-causing
microorganism and is often made from weakened or
killed forms of the microbe, its toxins or one of its surface
proteins. Modern vaccines can also be genetically
engineered organisms presenting the vaccine proteins
to the immune system. The agent stimulates the body’s
immune system to recognize the agent as foreign,
destroy it, and keep a record of it, so that the immune
system can more easily recognize and destroy any of
these microorganisms that it later encounters.

1979
WHO certified the eradication of smallpox by means of vaccination
2004
Elected to be a Member of the Academy of Science of South Africa
2005
Elected to be a Fellow of the Royal Society of South Africa
2008
Awarded Chair in Vaccinology 2008 (South African Research Chairs
Initiative)
2008
Nobel Prize for Medicine went to Harald zur Hausen in recognition
of his discovery that human papillomavirus (HPV) can cause cervical
cancer
2009
First HIV vaccine trial to show partial efficacy. “Vaccination with ALVAC
and AIDSVAX to Prevent HIV-1 Infection in Thailand”
2009
The first vaccine trial based on SAAVI vaccines from UCT become the
first HIV vaccine candidates developed in Africa to go into human
clinical trials
2010
Awarded the Cancer Association of South Africa (CANSA) AG Oettlé
Memorial Medal for work on the human papilloma virus
2011
The second vaccine trial based on SAAVI vaccines from UCT
2011
Rinderpest was declared eradicated after an extensive vaccination
campaign
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Vaccines can be prophylactic (example: to prevent
or ameliorate the effects of a future infection by any
natural or “wild” pathogen), or therapeutic (e.g., vaccines
against cancer are also being investigated; see cancer
vaccine).
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Janice Limson

Taking the highway to a
new way
A mere three years after launching Science in Africa in
Y2K, on a shoestring budget and with minimal resources,
Professor Janice Limson, the Head of Biotechnology at
Rhodes University, won a prestigious annual award for
journalists.
“Winning the Highway Africa Innovative use of New Media Award
was very special to me specifically because it was a journalism award,”
said Professor Limson, who is the editor of the online magazine.
Science in Africa was the first online science magazine of its kind
in Africa and since its inception, Professor Limson has racked up
numerous awards for both science communication and research,
including a National Science and Technology Forum prize for
outstanding contribution to Science, Engineering and Technology
and even featured, for two years running, in the Mail and Guardian’s
Top South Africans to Take to Lunch.
According to her, Science in Africa was launched to address the
publics’ lack of understanding regarding science, with a special focus
on biotechnology in order to grow the field and to give the students at
Rhodes University the opportunity to meaningfully engage the public.
Professor Limson says that they have embedded science
communication into their students’ programmes, specifically the
post graduates, so that budding scientists become aware of the
society around them and of people’s needs.
“Science communication at the moment is largely structured around
a deficit model, where the scientist, who has the knowledge, passes
the knowledge onto someone who doesn’t, and this is largely a one
way street,” Professor Limson said. “So we are striving towards a
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more holistic model where scientists and the public engage each other at a
grassroots level in a way that information is passed from scientist to Joe Public
and from Joe Public to scientist.”
Professor Limson asserts that this approach will help scientists to learn and
grow as people, as members of society and, of course, as scientists. She
is also quick to point out that it is a well-known fact that South Africa has
a huge innovation gap, where there has been a marked lack of translating
fundamental or applied research in the biotechnology sphere into products
and processes that would benefit South Africans. She adds that it is hoped that
this interaction with the public would help to spur scientists on to meeting the
biotechnological needs of South Africans.
This, she says, is in line with the ideals of government and the Department of
Science and Technology, and taking into consideration the national priorities
of job creation, poverty alleviation, energy, health, water and biodiversity.
“Science in Africa launched as a monthly magazine and initially most of the
content was provided by academia,” said Professor Limson, “but over the past
few years we have encouraged our students to contribute more of the content
themselves, and in the process train them to write in a way that simplifies
concepts but without sacrificing accuracy nor losing the meat of the story.”
According to Professor Limson, the content has been of such a high calibre
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that not only do students and learners use the site for home work and projects,
but various publishing houses, like Juta and Maskew Miller Longman have
approached them to extract information from the site to use in their textbooks.
The site’s popularity is not confined to the shores of South Africa either, as
more and more international requests for citations are received.
Part of this vision to train science students as good communicators led Professor
Limson to conceptualise the Rhodes University Biotechnology Innovation
and Communication Centre, which is the first transdisciplinary environment
for biotechnology research and training and which she has headed up since
January of 2014.
“We are excited about the Centre and are hoping that it will become a model for
higher education in this country, encompassing all the disciplines of science, not
just biotechnology, and infusing communication skills into students’ training,”
said Professor Limson. She explained that it would be a lot easier if the next
generation of scientists were already savvy about communication as opposed
to this generation who have not fully integrated and embraced communication
as a useful tool.
“We are also collaborating with the Rhodes School of Journalism and are in
the process of setting up a Masters Course in Science Communication and
Journalism, which will hopefully be launched next year,” Professor Limson
enthused, adding that they have already had a modicum of success with a

Masters Course in Health Journalism at the Discovery Centre for Health
Journalism.
Professor Limson has also been the editor of SAASTA’s Nanotechnology Public
Engagement Programme’s newsletter.

biotechnology
noun [ mass noun ]
the exploitation of biological processes for industrial and other
purposes, especially the genetic manipulation of microorganisms
for the production of antibiotics, hormones, etc.

1983
March, Industrial Biotechnology, the first publication to report the science,
business, and policy developments of the emerging global bioeconomy,
including biobased production of energy and fuels, chemicals, materials,
and consumer goods, is launched
1998
Published a study with Prof. Tebello Nyokong and Prof. Santy Daya which
showed, for the first time, the role of the neurohormone melatonin in
binding metals
1998
First GM labelling rules introduced to provide consumers with information
regarding the use of GM ingredients in food
2001
Founded Science in Africa , Africa’s first online science magazine
2002
National Science and Technology Forum Prize for“Outstanding contribution
to Science, Engineering and Technology in South Africa”
2003
Awarded a Highway Africa“Innovative use of New Media in Africa”Award for
Journalism
2004
Established own research group in biosensors, diagnostics for early disease
detection and environmental monitoring
2013
Nature Nanotechnology publication on Nanotechnology Education in
South Africa. Editor of the SAASTA Nanotechnology Public Engagement
Programme’s NanoNews. Formed the International group: Sensors for Africa
Network of scientists
2014
Establishment of the Biotechnology Innovation Centre at Rhodes University,
serving as Head and Director. Patents filed for malaria and HIV/AIDS
monitoring diagnostic tests
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Muffy Koch
Truth to light

An article titled “Genetically modified maize causes cancer.”
published in September 2012 by Food and Chemical Toxicology,
was retracted by the journal just two months later, but not before
it caused a public outcry.
“That incident was a very good example of scientists banding together and
addressing scientifically unfounded misinformation put out in the public
sphere,” said Muffy Koch, a global biosafety specialist, now residing in Canada.
The article, written by Gilles-Eric Séralini and colleagues from the University
of Caen, in France, stated that rats fed in a trial with maize engineered to be
resistant to a herbicide called glyphosate were more likely to develop tumours
than the rats not fed with NK603 maize.
According to the Frenchman, female rats were especially at risk from the maize
produced by Monsanto, an American firm: their death rates were two or three
times higher than those of control groups.
“Scientists checked the veracity of the claims and found them to be
unsubstantiated on four glaring points,” said Koch, who obtained her honours
in Botany and Microbiology from Wits and her Masters in Microbiology from
Stellenbosch University.
In a letter to the editor of the journal, scientists at the French Society of
Toxicologic Pathology noted that the study presented serious deficiencies in
its protocol and scientific procedures. They concluded that interpretation of
the results was incorrect. The Society’s peer toxicologists did not support any
of the scientific claims made by the authors, and could find no evidence for
risk to human health.
Rather sinisterly, restrictions by the authors were put on journalists that they
had shared their “findings” with prior to publication. Apparently journalists
were not allowed to corroborate allegations made in the article with third
parties, including scientists, with the threat of lawsuits.
“The sad thing now is that, even though the article has been refuted and
retracted, the damage has been done,” Koch said, explaining public fear has
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resulted. For instance, at a governmental level Russia has suspended
imports of the crop, Kenya has banned all GM crops and France’s Prime
Minister threatened to press for a Europe-wide ban on the NK603 maize.
“Scientists have a responsibility to society to speak out about
misinformation, as was the case in this instance,” said Koch, adding that
anti-GMO activists have become very astute at packaging and repackaging
their misinformation.
In her work as a scientist and as a supporter of biotechnology, spanning
more than three decades, Koch said she has had to counter all types
of biases and allegations such as: genetically modified cotton causes
gonorrhoea; GM maize causes male infertility; GM potatoes will make
smallholder farmers slaves to multi corporations, to name but a few.
According to colleagues of hers, including world renowned Emeritus
Professor Jennifer Thomson and Dr Jocelyn Webster, Koch has built up a
reputation for herself as one who responds to misguided allegations with
science-based and factual information in a way that is easy to understand.
“My hobby horse is trying to moderate misinformation. I often find myself
responding to newspaper articles or writing to editors and journalists
encouraging them to weigh up stories from both sides before writing
about it,” Koch said, adding that her aim is not to promote GMO per se
but rather to open up channels of discussion.
Koch said that she left formal research in 1994 to teach in a school for
previously disadvantaged learners with the aim of laying stronger
foundations of Maths and Science in children who had shown mathematical
and scientific ability. At that time she began a consultancy from her home.
It was in 1994 that the South African government approached her to
support checking the safety of GMOs. For the next six years Koch worked
for SAGENE, the precursor to the GMO Act, assessing GMOs produced
and/or tested in South Africa.
South Africa approved its first GMO crop in 1997. According to Koch, she
and the scientific community around her realised that biotechnology was
not on the radar of the public at large and that had to be remedied. In
response, Koch joined AfricaBio which was founded with a mandate to
raise the awareness of bio-safety.
“We held incredible workshops about nucleic acids with high school
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teachers in Mamelodi, and with women’s groups in Shoshanguve,
Soweto and Thembisa,” Koch recalled, adding that they also
prepared curricula and teacher training manuals for the national high
school system, covering topics on genetic modification, nucleic acids,
viruses, biotechnology, biodiversity and the bio-economy.
Koch’s work to advocate biosafety extends beyond the borders of
South Africa. To date she has spoken at more than 60 conferences
and workshops in 21 African countries. Her audiences have included
governments, academics, medical professionals, consumer groups,
women’s groups and industry.
The message burning in her heart has led her off the beaten track to
speak with farmers in rural communities as remote as in Lesotho’s
highlands, deep in the tropics of Cameroon and the sandy heat of
the Sahel countries.
“It was while I was doing these workshops, sometimes with the poorest
of the poor who had little or no education, that I realised that the
capacity to understand genetic engineering is in all of us,” Koch said,
explaining that all that is needed is for one to use examples that can be
seen or touched, like the children living in a community. “If you can show
that little Johnny and little Danny both look like their father then it is easy
to explain that genes can be passed from one plant to another,” she said.

Nucleic acid
Nucleic acids are large biological molecules, essential
for all known forms of life. Nucleic acids, which include
DNA (deoxyribonucleic acid) and RNA (ribonucleic acid),
are made from building blocks known as nucleotides.
Each nucleotide has three components: a 5-carbon
sugar, a phosphate group, and a nitrogenous base. If
the sugar is deoxyribose, the polymer is DNA. If the
sugar is ribose, the polymer is RNA.
Together with proteins, nucleic acids are found in
abundance in all living things, where they function
in encoding, transmitting and expressing genetic
information—in other words, information is conveyed
through the nucleic acid sequence, or the order of
nucleotides within a DNA or RNA molecule
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1989
Moved to plant genetic modification and reviewed the first application for confined field
trials in South Africa with genetically modified cotton
1989
Colleagues, Jocelyn Webster and Susan Hearn, first to genetically engineer a plant in
Africa - a tobacco plant engineered with a marker gene that turned the plant blue
1992
Established the first cereal improvement GM research group at the CSIR
Early 1990s
Helped coordinate and present biotechnology awareness workshops for high school
teachers from Mamelodi, Soweto and Pretoria on nucleic acids and worked with this team
to prepare curricula and teacher training manuals for the national high school system
1994
Began working with SAGENE
With ARC and CSIR, convened the first all-Africa plant biotechnology workshop in Pretoria
1997
SA approved its first GMO crop through its interim safety system – insect resistant cotton;
Biosafety functions transferred from SAGENE to the Department of Agriculture
1998
Greenpeace and Friends of the Earth started to activate against GMO’s
Worked with task team to develop regulations for the biosafety system in South Africa
Early 2000s
Helped to develop the popular PUB posters series explaining aspects of biotechnology
and society in South Africa. Led the team preparing the PUB high school curricula on
biotechnology and biodiversity
2002
Worked with UNEP to help developing countries establish national biosafety systems
Worked with industry and public research to develop awareness tools on biotechnology
and biosafety
2005
Worked with Indian NGO to develop biotechnology communication tools for Indian
farmers
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Valerie Corfield
A scientist at large

It was when Ramahlape was a biology teacher planning to host a Science
Expo for township children of Khayelitsha, Nyanga, Guguletu and Langa
(Khanyagula) that she first met Professor Corfield. Lacking sufficient funds
for the expo, a friend told her about two scientists at the Medical Research
Council (MRC) who could be of help.
Professor Corfield, then a Dr, was one of those people. And in the end she and Dr
Carol Nonkwelo helped Ramahlapa access funds from the Department of Science and
Technology (DST). That was in 2001 and a year later Ramahlapa took up a position at the
MRC, becoming a colleague and eventually good friend of Professor Corfield’s.
Professor Corfield, then a Dr, and Dr Carol Nonkwelo helped Ramahlapa access
funds from the Department of Science and Technology (DST). That was in 2001 and
a year later Ramahlapa took up a position at the MRC, becoming a colleague and
eventually good friend of Professor Corfield’s.
“Valerie has a passion for sharing science with anyone who will listen, especially
children from poor communities,” said Ramahlapa, “and she would go anywhere to
do it. Not even a colleague’s hijacking in Guguletu could keep her from going back to
share her workshops with teachers and learners.”
Wherever they went the learners and teachers alike loved her, firstly because of the
way that she dressed, with African prints, doekies on her head and of course the
unpaired shoes, and secondly because of the exciting way in which she was able to
present talks about genetics and biotechnology.
‘HIV comes to the party’ was a popular workshop she held involving party hats and
music. Attendees were each given a glass of water and told to try share their water
with another person, simulating sex. Two of the glasses however had the ‘virus’ inside
of them and then just two attendees were told to say no to all advances.
“The ‘police’ would come and bust up the party and afterwards everyone would be invited
to the ‘voluntary testing van’,” Professor Corfield said. “There two drops of a solution would
turn all the glasses pink showing that they had all ‘caught HIV’. The exceptions would be
the two who had been told to say no, providing of course that they had indeed said no.”
Professor Corfield assigned the success she had with her workshops to the fact that
she is passionate about her work and about helping people to understand what she
does and how that relates to them.
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“Even as a kid I loved Science and Biology and would spend hours writing text
books that I would use to teach my younger brother and sister,” Professor
Corfield reminisced, adding with a laugh that neither of them ended up working
in the sciences.
Her first real engagement with teaching Science came in the in the early 70s when
she lectured undergraduates at Wright State University in Ohio, whilst completing
an MSc degree on the ageing of human cells in culture. Later back in South Africa,
she was funded by National Chemical Products (NCP) and as part of her PhD she
cloned a gene for α-amylase from one species of bacteria which had it, into another
which didn’t to make this new strain produce the enzyme.
She explained that it was a tense time politically in South Africa, with a looming
threat of an oil embargo, so the idea behind her research was to find ways for
industry to use excess starch from maize and break it down into simple sugars,
ferment them and produce ethanol.
“The oil embargo never happened but I did clone the gene and I earned my PhD,”
Professor Corfield said, adding, “I believe I was one of the first people in South
Africa to clone a gene.”
Afterwards she joined the then Medical Biochemistry Department at the
University of Stellenbosch which was situated at the Tygerberg Hospital. There
she became involved in human molecular genetics, paying particular attention to
genetic diseases which caused specific inherited heart diseases.
At that time Professor Corfield had the heartfelt desire to convey to sufferers of
genetic heart diseases, and their families, the ins and outs of what was happening

Then in 1999 I was asked to give a
lecture at the Grahamstown SciFest
and I thought: an hour lecture
every day for the duration of the
festival, how boring! So I designed
a workshop and called it DNA
Detective - what is in your genes?
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to them. She devised ways using various props, including lego bricks, multi-coloured balls and
a deck of cards to explain it. So successful were her methods that she went on to teach the
same things to PhD students who could then use these tools during their careers. At the same
time, during her spare time, she would speak to school children about the work that she did.

1970
Graduate Teaching Assistant at Wright State University, USA while
undertaking MSc project

“Then in 1999 I was asked to give a lecture at the Grahamstown SciFest and I thought: an hour
lecture every day for the duration of the festival, how boring! So I designed a workshop and
called it DNA Detective - what is in your genes?”

1972
Recombinant DNA technology begins: Stanford biochemist Paul
Berg splices together two bluntended fragments of DNA from the
SV40 virus and E. coli, creating recombinant DNA

The workshop, which showed how DNA science is used in solving crimes through DNA
profiling, was so successful that mothers would bring their younger children to listen as well,
and the festival director promptly invited her back.
“We got Medical Research Council (MRC) and Stellenbosch University funding and have been back
every year since,” Professor Corfield said, “but presenting new workshops, so as not to be boring”
One was called ‘Design-a-Food’ and was all about Genetically Modified Food. Another was
geared towards fermentation and had learners baking vetkoek to explain yeast. “The kids loved
dipping their creations into bowls of sugar and eating them,” she recalls. Another workshop,
called Enzyme Antics, investigated the role that enzymes play in the biotechnology.
Meanwhile, ‘the DNA Detective’ and ‘Design-a-food’ were made up into kits, which included
things like wheat germ, beads and pipe cleaners, and were given to teachers complete with a
little booklet explaining the workshop so that they could give it to learners themselves. The DNA
Detective booklets were later on translated into Xhosa as well.
“I also gave workshops to various lay groups and went into any community where people
were eager to listen to engage them,” Professor Corfield said.
One such a workshop used a prop called Mr Coffit, which had “Jim Carrey” as the main
actor with an inbuilt spray gun containing ‘green phlegm’ (in fact coloured water). This
activity conveyed the message that TB is not transmitted through smoking, but through
the small droplets shot out while coughing. Many people believed that TB is spread only
through smoking. I loved being able to help people understand the truth and the idea
that perhaps I could be saving lives.”

Enzymes
Are large biological molecules responsible for the thousands of metabolic
processes that sustain life. They are highly selective catalysts, greatly
accelerating both the rate and specificity of metabolic reactions, from
the digestion of food to the synthesis of DNA. Most enzymes are proteins,
although some catalytic RNA molecules have been identified. Enzymes adopt
a specific threedimensional structure, and may employ organic (e.g. biotin)
and inorganic (e.g. magnesium ion) cofactors to assist in catalysis.etc.
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1975
DNA sequencing developed: Walter Gilbert and Allan Maxam
of Harvard University and Fred Sanger of Cambridge University
simultaneously come up with two techniques for determining the
exact sequence of bases that make up a gene
1999
Presented flagship public engagement workshop “The DNA
Detective; what’s in your genes?”at the Sasol Scifest, Grahamstown
2002
NRF B3 rating
2009
With South African and German colleagues identified the gene and
molecular cause of an inherited form of heart block traced through
nine generations of a South African family
2009
Received aWellcomeTrust International Public Engagement Award
in partnership with the Cape Town Science Centre to promote
partnerships between Universities and science centres in South
Africa to engage the public in Biomedical Science !
2012
Received the BHP Billiton/NSTF 2011-2012 Award for Science
Communication in the category Outreach and Public Awareness
2014
With South African, North American and Italian colleagues
identified a novel genetic modifier of an inherited cardiac
arrhythmic condition traced through nine generations of a South
African family .
Last two PhD students graduated – a joyous celebration of more
than 50 years in science
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Carolyn Hancock
A world in a speck

For dozens of women killed by one of South Africa’s most
notorious serial killers, Moses Sithole, the Criminal Law
(Forensic Procedures) Amendment Act passed in February
2014 came too late, but for many it might still be a saving grace.
“He was convicted for the attack and rape of Buyiswa Doris
Swakamisa in February 1989, was sentenced to six years in prison the
same year and released just four years later for good behaviour,” said
Doctor Carolyn Hancock, a Director of the DNA Project, a non-profit
organisation.
Swakimisa’s testimony had helped put Sithole behind bars but it also
taught him that a living witness is a deadly witness. After his release
early in 1993, he went back to sexually assaulting women, only this time
he did not stop at raping his victims but went on to viciously kill them.
By the time he was caught, in October 1995, he had raped at least 40
women, brutally murdered 38 of them and had carried out six robberies.
“If we had taken his DNA and put it in a database after his first
conviction we would have known it was him immediately after the
first murder upon his release and could possibly have saved 37 lives,”
said Dr Hancock, who has been instrumental in lobbying for changes
to the Criminal Procedure Act allowing for the establishment,
expansion and oversight of the National Forensic DNA Database of
South Africa.
It is now mandatory that all persons arrested for crimes involving
assault of any kind, along with many other offences such as theft,
have a DNA sample taken and their profile entered into a database.
Furthermore, the law is retrospective and anyone incarcerated at the
time of the Act coming into effect, must have their DNA taken and
recorded.
According to Dr Hancock, if convicted of a crime, your DNA profile
will be kept on the database for life. If, however, after having stood
trial a suspect is found innocent, that person may request for their
77.

DNA to be removed. If they do not request this, their DNA profile remains
on the Database for three years after which it must be removed.
“The thinking behind the three year retention period is that most criminals
are unfortunately repeat offenders and if a person was, for instance,
acquitted because of a lack of evidence, the chances are that they will
commit another crime in this time period,” Dr Hancock said.
She explained that because of criminals being habitual offenders, DNA is an
excellent criminal intelligence tool that can make the work of the police much
easier as well as safeguarding law-abiding citizens against the criminal element
in the country.
Taking a person’s DNA is similar to taking their fingerprint. Just as no two
persons’ fingerprints are identical, neither will their DNA match. Furthermore,
the “junk DNA” that is used in forensic analysis provides no clue as to what
the person looks like, what race they are, what diseases they might have or be
genetically disposed to, or any other personal information. It is merely a unique
string of letters and numbers similar to an ID number.
“DNA is also very objective, reliable evidence. Eye witness testimonies, for

If we had taken his DNA and put it in
a database after his first conviction
we would have known it was him
immediately after the first murder
upon his release and could possibly
have saved 37 lives.
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instance, can often be erroneous and during a traumatic crime like a rape,
the victim is often not able to recall the events accurately,” she said, “but if
you find semen at a rape scene or on the body of a victim and take DNA from
that, you can conclusively prove that the suspect was present at the scene
of the crime.”
A major motivation for the drafting of the amended law was the fact that
previously DNA evidence was only used routinely on a case-by-case basis
in court to link a suspect who had already been identified by investigators
to the crime.
Now DNA can be used much more proactively, as is the case with
fingerprints, but with the added benefit that it is a more powerful tool - a
criminal can conceal his fingerprints by wearing gloves but DNA is much
more unobtrusive and can be found in a strand of hair, a cell off a person’s
lips, a speck of blood - and if it is handled correctly it can last for a very long
time. If a criminal touches a surface, just a few cells taken from that spot
(called touch DNA) is enough to place that person at the crime scene.
“Shavani Phophi, known as The Muldersdrift Rapist, was linked to five
different rapes, three cases of robbery with aggravating circumstances and
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two of theft because of his DNA being matched up to the different
cases that took place in that area between June 2009 and May 2010.
But what followed shows the power of having a DNA database,” Dr
Hancock said.
The Act was being debated in Parliament and many sexual assault
kits that had been kept untouched at the laboratory for years, as
there was no known suspect in the cases, were being analysed
when he was caught. His DNA was run against thousands of profiles
on the database from unsolved cases and straightaway he was
linked to the rape of a ten year-old girl in 2005.

1987
Police in the United Kingdom first use DNA evidence to solve
a criminal case

As a result, he stood trial and was convicted for all the adult
woman he had raped in Muldersdrift as well as for the young girl
he had violated all those years previously. Having received two
life sentences and a further 95 years behind bars, he will never be
released into society again.

1995
The first National DNA Database was established in the United
Kingdom

“South Africa has the highest rate of sexual assault in the world
and many of these cases involve children under the age of 16,” Dr
Hancock said. “DNA evidence speaks for these vulnerable children
and provides them with the voice they need to bring about justice
when theirs has been stolen from them.”

“Junk DNA”
or what scientists call non-coding DNA, are areas of our
DNA that do not have any known function. DNA sequences
in some parts of our junk DNA vary substantially between
people and so the chances of any two people having
the same DNA sequence at these particular locations is
exceptionally low. It is for this reason that these parts of our
DNA, known as STRs or simple tandem repeats, are used in
a forensic context. The forensic DNA profile derived from
analysis of these areas is just a unique list of numbers and
doesn’t tell us anything about that person, such as what
they might look or if they are disposed to a genetic disease.

January 1990 – June 2006
Researcher in Science Education and lecturer in Population and
Quantitative Genetics at University of KwaZulu-Natal

1998
DNA started being used in South Africa with a small database and
on a case-by-case basis
2006
PhD in Science Education and Genetics obtained from University
of KwaZulu-Natal. Identification and remediation of student
difficulties with Quantitative Genetics.
2008
Directors of the DNA Project meet with the Deputy Minister of
Justice to discuss an amendment to the Criminal Procedures Act to
incorporate the expanded use of DNA in crime detection and the
formalization and regulation of a National DNA Database
2007 – 2009.
The development of a curriculum and the associated course
content of an honors qualification in Forensic Biology – the first
such qualification in Africa
2013
National Assembly passes the DNA Act
2014
President signs the Criminal Law (Forensic Procedures) Act of 2013
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Jocelyn Webster
Greater than the final
frontier

“Looking at Facebook drives me crazy,” said Dr
Jocelyn Webster, the founder and Director of ProBio, a
biotechnology consulting business, “because what is
often presented as the truth regarding biotechnology
is so far from the truth. It is scary.”
Dr Webster made this statement in particular reference to a
report by a French scientist in 2012 who claimed that rats fed
genetically modified potatoes contracted cancer and died.
“That particular experiment was extremely poorly devised.
The research ended up being refuted and withdrawn by the
publishers,” Dr Webster said, adding that many such reports on
Facebook are equally unsubstantiated, particularly regarding
agricultural biotechnology.
Dr Webster was part of a group of scientists who set up
and established the first plant biotechnology laboratory at
the Council for Scientific and Industrial Research (CSIR) in
Pretoria during the late eighties. The idea was to produce
crops with better traits using GM technology. Dr Webster
recalls how she thought that this was the best thing since
sliced bread, oblivious to the intensity of the controversy
brewing surrounding these techniques.
“While I was happily thinking that this technology was
brilliant and that no one would have a problem with it, the
public and food producers were being fed lies, specifically
with regards to agricultural biotechnology, which was causing
them to panic,” she said.
“By the time we realised that there was a growing resistance
to GM technology, anti-GM sentiment had already gained
80.
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momentum and garnered a broad base of supporters,” Dr Webster said,
adding that the scientific community was partly to blame because they were
mostly doing nothing to counter the erroneous information being dished up
to the public.
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At that time several stakeholders approached her to begin an organisation
that would inform the public, government, media and industry of the facts
about GM technology and redress the misinformation in the public domain.
At the turn of the century in 2000 the non-profit organisation AfricaBio was
launched with the mandate of promoting the safe, responsible and ethical

use of biotechnology and its products through, inter alia, providing accurate
information on biotechnology and biosafety to decision-makers, farmers,
consumers, and the media.
According to Dr Webster, who was the CEO of AfricaBio until 2010, it was a
very challenging time. “I would receive calls from people saying, for instance
‘My baby is huge, it must be GM food!’ Initially we had minimum support
from the government and so we were responsible for raising our own funds,
which made it difficult to initiate programmes that we could use to address
questions such as that on a community or regional basis,” she said.
Nonetheless, they managed to raise funds through their stakeholders, which
included consumers, retailers, manufacturers, biotechnology companies, industry
associations, farmers and farmer organisations, students, professionals, scientists,
research and tertiary education institutions.
Under her leadership, AfricaBio began developing three-day courses to train
South African scientists, farmers, government officials and people from other
African countries to communicate the efficacy and safety behind agricultural
biotechnology. Brochures and booklets were compiled in four languages
and distributed in communities, being disseminated at points of congress
including shopping centres, farming community sites and community halls in
towns such as Soweto.
“We went into communities and grew approved genetically modified maize
right next to ordinary maize,” said Dr Webster. “They were the same size, the
same colour, but it was evident that the GM maize was coping much better
with maize stalk borer, which can devastate a crop. Consequently, when the
community ate the GM maize and couldn’t taste the difference and nothing
happened to them, they were converted, especially after understanding the
rigorous biosafety process the GM maize had undergone.
“It was always very exciting for me to see people initially unsure about the
technology, then understanding it and eventually becoming comfortable
enough with GM crops to eat them.”
Statistics gathered during her tenure as CEO pointed to a dramatic increase
regarding the awareness of biotechnology by 30-40%. Besides the work in
the communities, Dr Webster held at least six workshops a year with larger
conferences being held every two to three years.
She said that a lot of emphasis was placed on communicating the rigorous
safety procedures, governed by the GMO Act 15 of 1997, that any genetically
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modified organism (GMO) had to go through and pass before being released
onto the market for sale.
At the same time similar programmes were being rolled out all across Africa
in countries such as Kenya, Malawi, Uganda, Tanzania and even as far north
as Egypt where they were received with similar success.
According to Dr Webster biotechnology is critical for Africa in the long term,
especially considering global warming and environmental issues. She says
that by allowing anti-campaigners to get the upper hand regarding the
communication of this technology is a huge disservice, not just for South
Africans and Africans, but to humanity.
“What we have to remember is that bacteria have been genetically modifying
plants for hundreds of years. Scientists have now learnt how bacteria do
this and have adapted their approach to transfer useful genes. We need
to progress in this technology to enable South Africa to learn more about
our indigenous plants to protect them and also to control crop damage due
to pests and weather conditions. We also need this technology to address
environmental and climate change issues now and in the future. Progress in
this technology is just as important as making advances in space technology
as it assists scientists to provide innovative solutions to problems here on
Earth,” said Dr Webster.

It was always very exciting for me
to see people initially unsure about
the technology, then
understanding it and eventually
becoming comfortable enough
with GM crops to eat them.
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1982
The first genetically modified plant is produced—a tobacco plant
resistant to an antibiotic
1986
The Environmental Protection Agency in USA approves the release of
the first crop produced through biotechnology—tobacco plants. A
coordinated framework for the regulation of products derived from
biotechnology is established
1996
Awarded the CSIR Outstanding Achievement Award
1997
Establishment of a national regulatory system in South Africa under the
GMO Act 15 1997 paving the way for commercialisation of genetically
modified products
2000
Dr Webster launches AfricaBio as CEO
The first entire plant genome is sequenced, Arabidopsis thaliana,
providing researchers with greater insight into the genes that control
specific traits in many other agricultural plants
2001
The European Community releases a 15-year, $64 million study that
involves more than 400 re-search teams on 81 projects. It finds that
approved genetically modified crops pose no more risk to human health
or the environment than conventional crops
2004
Growing genetically modified cotton resistant to bollworms, in places
like the Makhathini Flats in KwaZulu-Natal, visited by journalists and
government officials becomes a global example of what a difference
biotechnology makes to small-scale farmers
2008
Person of the year award presented by AFMA
South African scientists have shown great innovation and developed
streak resistance, drought tolerance and Diplodia resistance in maize
2010
Communication of Biotechnology award presented by DST and Gauteng
government
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Biosafety
The prevention of large-scale loss of biological
integrity, focusing both on ecology and human
health.[1] These prevention mechanisms include
conduction of regular reviews of the biosafety in
laboratory settings, as well as strict guidelines to
follow. Biosafety is used to protect us from harmful
incidents.
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Biography
Jennifer Ann Thomson
Jennifer Thomson began her scientific career as a bacterial geneticist with a PhD from
Rhodes University (she was Professor David Woods’ first PhD student) followed by a postdoctoral fellowship at Harvard. However things changed somewhat when she met Marc van
Montagu and spent time in his lab in Ghent. Marc, who together with Mary-Dell Chilton and
Robert Fraley received the World Food Prize in 2013, was in those days exploring the use of
the bacterium Agrobacterium tumefaciens to transfer genes into plants. It was while working
in his lab, which he ran in collaboration with Jeff Schell, that Jennifer decided she wanted to
move into plant genetic engineering.
However, it took some time for this to occur, and it wasn’t until she took up the position of Chair of the Department of Microbiology at the University of Cape
Town (UCT) that the now Professor Thomson could move into this field. This was due to the presence in that department of Ed Rybicki, South Africa’s leading plant
virologist. Together they embarked on a project to develop genetically modified (GM) maize resistant to the African endemic Maize streak virus. This is now in the
hands of Pannar Seed company.
She also teamed up with Prof. Sagadevan Mundree to develop GM maize tolerant to drought using genes from the African endemic resurrection plant, Xerophyta
viscosa. This is in the process of further development.
Prof. Thomson was a member (and sometime chair) of SAGENE, the South African Genetic Experimentation Committee, the forerunner of the GMO Act of 1997.
She was also part of the team that wrote the 2001 Biotechnology Strategy and was involved in the development of the 2014 Bio-economy Strategy. She has been a
member of the Department of Science and Technology’s (DST) National Advisory Council on Innovation (NACI) since 2002 and was a member (sometime chair) of its
subcommittee, the National Biotechnology Advisory Committee. She won the L’Oreal/UNESCO prize Women for Science for Africa and the Middle East in 2004 and
received an Honorary doctorate from the Sorbonne.
Internationally she was the founding chair (and still a member) of the board of the African Agricultural Technology Foundation (AATF) and is Vice-Chair of the
International Service for the Acquisition of Agri-biotech Applications (ISAAA). She has spoken on the topic of GM crops for Africa at many international meetings,
including the World Economic Forum and the United Nations. She has written three books on the subject: Genes for Africa, Seeds for the Future and Food for Africa.
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Biography
Mr Clinton Wittstock
Clinton Wittstock is a freelance writer and photographer.
Clinton Wittstock is a freelance writer and photographer.
He has written about and photographed a multitude of topics, including science, art, sports, famous personalities, travel, food and whatever else piques his interest.
His work has appeared in the prestigious Asian Geographic Magazine, The Sunday Times and various other local and national papers, in-flight magazines, text books
and various websites.
Mr Wittstock stays in Cape Town with his wife Cindy. They love traveling, both in and around Cape Town and abroad.
During his time researching and writing this book, he wrote a short poem to capture a revelation he had:
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