DR BILL JACKSON

Apt aptamer technology
Dr Bill Jackson of Base Pair Biotechnologies explains how aptamers
are proving an effective alternative to conventional immunisation

Could you begin by summarising Base
Pair Biotechnologies’ background?
Base Pair Biotechnologies was formally
established in February 2012 as a spin-off
from its parent company, BioTex Inc. Since
2004, key personnel have been studying
and selecting aptamers in support of a
number of research projects and we have
now started offering custom aptamer
discovery services on a commercial basis.
The conventional method for making
aptamers is called Systematic Evolution of
Ligands by Exponential Enrichment (SELEX),
and Base Pair is the exclusive owner of
patented technology for multiplexing this
process. In practice this means we currently
have the ability to select aptamers to 30
recombinant proteins simultaneously in just
a matter of days. This ‘parallel SELEX’ allows
aptamers to be selected in true multiplexed,
competitive fashion and therefore should
result in more specific aptamers.
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As President of and Chief Scientist at Base
Pair, what are your primary duties?

What are the main benefits of aptamers
over antibodies?

As the founder of a small company, my job
duties vary from high-level strategic planning
and fundraising to literally sweeping the
floors at night – each of our nine employees
does whatever it takes to provide a high
quality product to our customers.

One of the major advantages is that, as DNA
or RNA, an aptamer is a completely synthetic
chemical. So for clinical diagnostics or
therapeutic applications, it is much easier to
produce and document a good manufacturing
practice (GMP)-grade reagent.

Some of my other duties include working
closely with our clients and potential clients
to understand their desired aptamers, and
designing appropriate selection conditions to
achieve that.

Another major advantage is that aptamers
can be selected against targets where
conventional immunisation has failed to
produce an effective antibody. Aptamers
are around 10 times smaller than antibodies
and roughly 10 times cheaper per milligram
to produce.

In addition to proteins, many of our
customers’ targets are peptides or
small molecules, so we dedicate time to
working out conjugation chemistries as
well as reporting mechanisms (biosensor
development).
Could you describe the types of
technologies that you help your diverse
range of clients to develop?
Our customers come to us from an
incredible range of platforms. Some of
them simply want to replace an expensive
or poorly performing antibody in a
conventional Enzyme-linked immunosorbent
assay (ELISA).
Others need an aptamer because no
antibody exists or could not be generated
by immunisation. Still others are
incorporating our aptamers into biosensors
or signal transduction mechanisms that
are completely novel, and it is exciting
to provide such groups with reliable,
renewable reagents.

Finally, they are much easier to modify with
linkers, fluorophores, and other common
chemistries in a definable, expected fashion.
Can you give an insight into your
collaborations with other companies
and organisations? Does working in
collaboration present any challenges?
We work with researchers at a number of
world-class institutions including the MD
Anderson Cancer Center in Houston; the
Centers for Disease Control (CDC – Atlanta);
and the US Air Force.
With MD Anderson in particular, we are
working with Dr Laurence Cooper to
develop aptamer-based targeting methods
to improve T-cell therapy in cancer and
infectious disease treatments. While these
ideas are in the very early stages, it is
exciting to work across disciplines to solve
problems that could have an impact on
human health.
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Anti-antibodies
President of and Chief Scientist at Base Pair
Technologies, Dr Bill Jackson is leading
research into replacing conventional antibody
technology with much smaller and more
specific aptamer ligands, which he hopes
will change the way medical research 		
and diagnostics are developed

Great things, tiny bundles
Aptamers are around 10 times
smaller than antibodies and roughly
10 times cheaper per milligram
to produce

Collaborations are often fruitful, but
finding joint funding and the added
bureaucracy can sometimes slow progress.
Still, the point is to bring complementary
expertise to assist with things you couldn’t
do otherwise.
Will you continue to develop the
platform in the future? Do you have other
plans to extend the remit of Base Pair?
We still have Small Business Innovation
and Research (SBIR) funding from the US
National Institute for Health to continue the
development of the platform. In terms of
research, we are working to find the limit to
which we can multiplex aptamer selection.
Our patent also covers the multiplexing of
methods for in vitro peptide selection and
we aim to offer these services as time and
resources permit. I hope that even those
who think they know all about aptamers
will give the technology a second look, as
the playing field has changed considerably
in the past year or two.

SINCE THE 1970S antibodies have been
synthesised and deployed to successfully
combat a wide variety of conditions. Today,
research into an antibody to immunise against
HIV/AIDS is the Holy Grail for those working
in this field. At present, the field of biomedical
research is almost entirely dominated by
the use of antibodies in the diagnosis and
treatment of disease; around one third of all
treatments for major diseases now involve
the use of monoclonal antibodies – eg. cancer,
arthritis and asthma treatment – and the UK
therapeutic antibody industry is estimated to
be worth at least £16 billion per year.
However, there are disadvantages associated
with the use of monoclonal antibodies to
vaccinate against disease. One key shortfall
is that antibodies induce an immunogenic
response which can lead to side effects, with
the immune system fighting against the body
itself. Research has also shown that antibodies
can display cross-reactions with antigens in
the body.

SLOTTING IN
Working with a team of nine researchers at
the Houston-based Base Pair Biotechnologies,
Chief Scientist Bill Jackson is now beginning
to make inroads towards the transformation
of the industry through the development of
aptamer ligands as a viable alternative to
antibodies. Aptamers are DNA or RNA single
strand molecules capable of binding to selected
target proteins, peptides and even heavy metal
ions. These molecules are much smaller than
antibodies and are expressed in single-stranded
loops and helices, which means they can form a
great variety of shapes.

This diverse structure makes aptamers
suitable for use in a range of roles: to sense
and diagnose; as therapeutic tools; and as
a means of regulating the processes of the
body at a cellular level. They can also be used
as a way to guide therapeutic drugs towards
target cells and proteins in the human or
animal body. Jackson explains: “Aptamers
can interact with their intended target in a
variety of ways including Van der Waals forces,
hydrogen bonding and salt bridges. Since the
method was first described in 1990, thousands
of papers have been published indicating
that the Systematic Evolution of Ligands by
Exponential Enrichment (SELEX) process can
result in an aptamer that can bind with just
about any molecule”.
Many small molecules are non-immunogenic
when injected into an animal for antibody
production. As such, they are often conjugated
to a carrier protein to create a hapten.
Such constructs often result in ineffective
antibodies that recognise the hapten, but
not the free molecule itself. Other small
molecules are of interest also, but because
they are very bioactive, they are often toxic to
the animal at the concentrations required to
generate an antibody.
However, as aptamers are selected in a
completely in vitro process, they provide an
ideal solution to these problems. They have
been shown to have a very high affinity to small
molecules and are able to discriminate between
closely related structures. Jackson explains how
this technology relates to the marketplace: “We
are trying to get the antibody community to
adopt what is still a relatively new technology.
Since the intellectual property landscape
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INTELLIGENCE
PLATFORM FOR MASSIVELY PARALLEL
SELECTION OF APTAMER LIGANDS
OBJECTIVES
Base Pair Biotechnologies offers total
solutions for developing novel aptamer-based
technologies for research or commercial
applications. It provides rapid aptamer
discovery services, incorporating aptamers
in diagnostic and environmental sensing
applications. The platform technology is a
patent-pending, multiplexed approach that
offers de novo aptamer discovery services at
unprecedented speed and throughput.

KEY COLLABORATORS
BioTex, Inc. (parent company, Houston,
Texas, USA)
Dr Laurence Cooper (Professor, Department
of Pediatrics Patient Care, The University of
Texas M D Anderson Cancer Center)

FUNDING
National Institutes of Health (NIH); private
investors

CONTACT
Lisa Thurston
Head of Sales & Marketing
Base Pair Biotechnologies, Inc.
8058 El Rio St
Houston, TX 77054
T +1 978 609 4199
E lisa@basepairbio.com
E bill@basepairbio.com
BILL JACKSON serves as President and
Chief Scientist of Base Pair Biotechnologies
and leads numerous aptamer selection
projects against small molecule and other
difficult targets. In the last four years he
has served as principal investigator on 11
SBIR grants, and has served on a variety of
review panels which cover a broad range of
diagnostic, biosensing and environmental
applications. He is named as inventor on four
issued patents and 10 pending applications.
In previous employment Jackson has been
involved in the development of a wide variety
of analytical chemistry equipment including
instruments still in service aboard the
International Space Station.
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The breakthrough came when his team discovered
a method for multiplexing the SELEX process by
running rounds of aptamers that can act on many
parallel targets simultaneously
surrounding aptamers has recently opened up,
we are seeing a sort of ‘second wave’ of interest
in aptamers”.

BREAKING OUT
In the past, aptamers have been produced
through the SELEX process, where 1015
sequences from a random library of single
stranded nucleotides are used to generate
single target aptamers. As part of the process
the library is exposed to a single target so
the aptamers are amplified for subsequent
rounds, with the binding stringency for each
round increasing to a point where the resultant
aptamers are specific to the target.
An important advantage of aptamers over
antibodies is that they are specific and
customisable, which means they can be tailored
to meet very precise criteria without interfering
with the immune process; something antibodies
can be known for. “In almost every published
case we know of, aptamers have been selected
against a single target only. Several years ago,
“we recognised that the typical starting pool
for SELEX (containing 1015 sequences) should
be able to support more than a single target,”
Jackson reveals.
The SELEX process is labour- and timeintensive for such specific results and Jackson
has recognised the need for a major innovation
to unlock the potential he has seen in the
technology. The breakthrough came when his
team discovered a method for multiplexing
the SELEX process by running rounds of
aptamers that can act on many parallel targets
simultaneously, with the potential to one day
hit a total of 1,000.
While the Base Pair team continues to improve
the process, they can currently select aptamers
to 30 purified proteins simultaneously in just a
matter of days.

NANO MARKETPLACE
Jackson’s work has resulted in a succession
of exciting innovations that have enabled
him to build up a client base for his start-up
business. In 2009 he published ‘DNA Aptamer
and Quantum Dots for Portable FRET Sensing
of Small Molecules and Other Targets’, where

Base Pair explored platform sensing chemistry
involving fluorescent resonance energy transfer
(FRET). Most recently, Jackson was invited to
present an oral version of his poster, ‘Towards
small molecule diagnostics using aptamers and
backscattering interferometry (BSI)’, at the 45th
Oak Ridge Conference: Emerging Technologies
for 21st Century Diagnostics.
The aim of the business has been to provide
a rapid, high-quality outsourced service for
aptamers development. “We have developed
both patented and proprietary know-how in
aptamer selection, which we believe results in
better binders compared to our competitors
and other academic groups,” Jackson enthuses.
In addition to aptamer selection services,
Base Pair provides analytical validation on
all aptamers generated for the customer
using a variety of methods. These include
surface plasmon resonance and biolayer
Interferometry for larger targets and microscale
thermophoresis (MST) for smaller targets. The
MST process detects fluctuations in charge
and size of molecules in the hydration shell
which provides key insights into biomolecular
interactions. Jackson and his team found that
MST technology was a highly useful tool for
assessing the binding response for aptamers to
small molecules, which has served to further
validate his business model. The aptamers have
been successfully tested in collaboration with
cancer research specialists. In conjunction with
colleagues at the MD Anderson Cancer Center,
aptamers were tested for flow cytometry to
label and discriminate recombinant proteins
on T-cells.
The future is bright for the team at Base Pair
and Jackson is optimistic about the projects
he is currently involved with: “Because of
our multiplex technology, I believe that we
are probably selecting as many aptamers per
month as any single group in the world. As
such, we have an opportunity to discover the
rules for aptamer recognition. We now have
enough data to begin to potentially correlate
various aptamer attributes with their protein
targets,” he reveals. The researchers expect to
publish a number of exciting results within the
next two years in conjunction with their nonprofit customers in academia.

