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From the editor
Saving the trees, revitalizing your
coffee table and shoring up the future

M

any of our readers know BioTechniques from the print edition that
finds its way onto the coffee table every month. Lately, many of
our readers will also have become aware of how our website has
evolved, becoming a place to discover expert commentary and discussion,
with thought-provoking Interviews, Opinion pieces, Podcasts and panel
discussions examining the latest tools and techniques available to the lab
researcher, in addition to our educational webinars and News section.
Both our online and print articles are free to read, and it is our intention
to keep it that way. However, the publishing landscape is changing, and
BioTechniques must, like our labs, continually evolve to keep up. That’s why
we have some changes coming in 2020.
First up, we are revitalizing our print edition. We care about the planet, and
thus as of 2020 we will be consolidating our articles into quarterly
print editions, helping us reduce our
impact on the environment and
save trees. This won’t mean you
lose out – we will be publishing the
same (if not more!) content, but it
will arrive on your coffee table with
a refreshed feel – Reports and
Benchmarks will remain alongside
exciting editorial content such as our traditional Tech News, Interviews, Top
Tips and other fascinating articles.
Second up, the way you use the website is changing. Going forward, readers
will be able to access three articles a month before they are required to log-in
with their (free) subscription – and I emphasize that that subscription will
be free. Our peer-reviewed articles will remain open access, as they always
have been.
In the rapidly changing landscape of scientific research and publishing,
these changes will shore up the future for BioTechniques, allowing us to
maintain our editorial excellence and continue to provide you, our reader,
with free-to-access content. By continuing your subscription, you will help
us continue to provide the latest in methods, tools and technical advances
freely to researchers across the globe, regardless of where they are.
So please, continue to read and enjoy
BioTechniques for free, for years to come, and
email me if you have any queries regarding the
above at flake@biotechniques.com.

...publishing
“
is changing, and

BioTechniques
must, like our labs,
continually evolve to
keep up.

”

Francesca Lake
Editor in Chief, Future Science Group, Unitec
House, 2 Albert Place, London, UK.
flake@biotechniques.com
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Tech News
NATIVE MASS SPECTROMETRY:
A POWERFUL TOOL FOR
STRUCTURAL BIOLOGY?
Mass spectrometry has been used for decades
and continues to be an integral part of analytical
research. This feature explores its latest applications.

J

ust over 100 years since the development of the first mass
spectrometer by Francis Aston (University of Cambridge,
UK), the technique of mass spectrometry (MS) remains,
to this day, a vital tool in the arsenal of researchers throughout the
multifaceted field of life science [1]. The modern-day spectrometer
exists in a form that Aston would unlikely recognize and can now
perform tasks that must surpass the wildest aspirations of the
technology’s pioneer.
Developments to the ionization, flight path and analysis protocols
in MS have helped keep the spectrometer a relevant and valuable
piece of equipment. Key examples of these developments include
electrospray ionization, which has enabled the conversion of analytes
from solution into the gas phase without too much disruption to the
natural conformation of the molecule. This has led to an increase
in the importance of the mass spectrometer in the field of structural biology, where it can now provide valuable information on the
structure of proteins and other biological molecules in their native
state – a technique known as native MS (nMS).

TECHNOLOGICAL DEVELOPMENTS IN NMS FOR
STRUCTURAL BIOLOGY
One such recent development in the process of nMS is the combination of the technique with surface-induced dissociation (SID) – a
high-energy method of fracturing native molecules in the gas
phase [2].
A team of researchers from Ohio State University (OH, USA), led
by Vicki Wysocki and Steffen Lindert, identified that SID could be
used to study the complex structure and binding behaviors of protein
complexes in a mass spectrometer [3].
Typically, structural biologists aim to glean structural and binding
information on protein complexes while they are intact. Wysocki
and Lindert, however, identified that by using SID they could flip this
entrenched system of thought on its head, instead observing the
complexes as they are split apart and examining how they divide to
establish information regarding their structure, binding and subunit
interaction.
Vol. 67 | No. 5 | © 2019 Future Science Ltd
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When ionizing samples to the gas phase, the team subjected the
native structures of the molecules to SID, which involves colliding
the ionized molecules with a surface, as opposed to using traditional collisional activation techniques that rely on the ions colliding
with buffer gas molecules. SID provides more rapid, higher energy
impacts that lead to complex shattering into intact subunits, as
opposed to slowly unfolding subunits into their secondary structures until they are released [2].
Using this method to separate the complexes, the team was able
to generate mass spectra data from the fully folded subunits, which
they used to identify a quality that they termed SID appearance energy
(AE). AE is defined as 10% fragmentation of the complex (Figure 1).
Combining this experimental approach with the Rosetta modelling
environment to create a ‘SID Score’ enabled the researchers to infer key
pieces of information regarding the nature of the protein–protein interactions and poses at which the fragmentation takes place; for instance,
subunit rigidity and the number of unsatisfied H-bonds (Figure 1) [3].
This is but one key example of the ways nMS is developing in
order to uncover new and vital information within structural biology.
While technological developments continue to improve the mass
spectrometer, the applications of the technique widen.

USING NMS TO EXPLORE GLYCOSYLATION
Post-translational modification (PTM) of proteins is a well-established and staggeringly abundant phenomenon. Of all the PTMs to
occur in the domain of Eukaryota, glycosylation is the most prevalent,
modifying almost half of the human proteome. Due to this abundance,
the impact of its dysfunction is catastrophic, while the need to clearly
understand this process is clear [4].
As a result of the flexibility and heterogeneity of oligosaccharides, more established methods of structural examination, such as
cryo-electron microscopy and x-ray crystallography, are ineffective.
nMS, meanwhile, is fully capable of examining the extent and type
of glycosylation present in such molecules as IgG, as mass shifts
can be detected with a high enough resolution to correlate them to
individual hexose rings [5].
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Figure 1. Combining surface-induced dissociation appearance energy
and Rosetta to create a surface-induced dissociation score. (A) A
depiction of surface-induced dissociation (SID) and a graphical representation of the generation of SID appearance energy. (B) A molecule
model generated in Rosetta and the Scoring function equation.
This ability recently enabled researchers from the University of
Oxford (UK), led by the world-renowned practitioner of nMS, Carol
Robinson, to establish the effects of glycosylation on the drug–
protein interactions between warfarin and the serum protein alpha1-acid glycoprotein [6].
By conducting analyses of native mass spectra of the alpha1-acid glycoprotein (Figure 2), Robinson and her team found that
elevated N-glycan branching of the glycoprotein, alongside terminal
fucosylation, led to a decreased binding affinity of the glycoprotein
to warfarin. This information provides an indication of how glycosylation can affect drug–protein interactions and, in turn, reveals
useful insights about drug transport in the blood [6].
This example of nMS’s high resolving power not only demonstrates the versatility of the technique, but also highlights its
potential application in the study of disease and drug discovery.

NMS IN MICROBIOLOGY
The refinement of MS has not only allowed for the analysis of viral
and bacterial proteins in the native state, but advances that have
reduced the limitations imposed on the technique by the size of the
analyte have now enabled the ionization of full-size virions and
capsids into the spectrometer for analysis [7].

Figure 2. A native mass spectrum of asialo-AGP with highly branched
N-glycans, color coded in line with the Consortium for Functional
Glycomics guidance and marked with the Asparagine residue they
are bound to. Blue: GlcNAc; Green: Man; Yellow: Gal.
Vol. 67 | No. 5 | © 2019 Future Science Ltd
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This advancement in technology has provided microbiologists
with a whole new tool to analyze and explore aspects of virology.
One such example of this is the recent study by Nyiri et al., which
explored the UTPase family of proteins encoded by the genome of
phage (Figure 3) that target Staphylococcus aureus. These UTPases
can be dimeric or trimeric, and have previously been shown to engage
with the S. aureus repressor protein StI, impacting the bacterium’s
pathogenicity island SaPIbov1 in the S. aureus genome [8].
The team decided to explore the interactions between the
UTPases, identifying their properties while also documenting the
nature of the binding mechanism between the StI protein and the
dimeric ϕNM1 phage dUTPase. To accomplish this, a combination
of nMS, cross-linking and hydrogen deuterium exchange-MS experiments were employed [8].
The team were able to identify that the StI protein is capable of
displaying disparate stoichiometry and regions of peptide sequences
depending on which phage UTPase it was interacting with, indicating
the functional plasticity of StI. The nMS data were particularly vital
in demonstrating that the mechanism by which StI interacted with
and inhibited the dimeric UTPases was due to the architecture of
the active site of the protein, which resides at the dimer binding site
of the protein [8].
Just as nMS has evolved to accommodate the analysis of larger
molecules, as exemplified by its increasing use in virology, the
increased acuity and resolution of the technique allow for the study
of more delicate molecules than proteins, such as nucleic acids.

NMS IN THE STUDY OF NUCLEIC ACIDS
The application of MS in the field of genomics has previously
included the detection of single-nucleotide polymorphisms and
short tandem repeats; an application enabled by the development
of matrix-assisted laser desorption/ionisation and electrospray
ionization techniques [9].
However, a recent paper published in Analyst describes the application of nMS to study the structure of telomeric G-quadruplexes [10].
G-quadruplexes are structures formed at the end of strands of
DNA and RNA in the telomeres that help protect telomeres from
degradation, a process vital to the safeguarding of chromosome
integrity and, consequently, cell proliferation. The polymorphic
nature of these structures leads to difficulty studying their conformation using typical structural biology techniques [10].
Speaking to study co-author Valérie Gabelica at the inaugural
Celebration of Native Mass Spectrometry (Oxford, UK, 24–26 March
2019) while this research was being conducted, Gabelica noted
that, “There are some aspects of the folding that we can reveal quite
readily with MS, and which are difficult to get a hint of with traditional
biophysical techniques” [11].
With this in mind, Gabelica and co-author Valentina D’Atri set
out to employ native ion mobility MS (IM-MS) to characterize the
structure of different G-quadruplex topologies and to reveal aspects
of their interactions such as cation binding and multimer formation
in both four and eight repeat sequences of DNA and RNA.
The researchers found that in 8-repeat sequences of DNA, subunit
folding of different topologies are linked – the formation of one
subunit inhibits the folding of a second – while in RNA the subunits
fold collaboratively via cation mediated stacking [10].
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This structural knowledge could prove valuable when trying to
understand conditions of aging or chromosomal damage and clearly
extolls the power of nMS in structural biology.

EXPLORING EVOLUTION
The direct application of nMS to pathogenic and human molecules
and complexes in order to discover new avenues for research into
our health and to identify targets for drug discovery could result in
benefits for our future. Looking deep into the evolution of specific
complexes, however, could also prove of significant value.
With this in mind, a recent study led by Michal Sharon of the
Weizmann Institute of Science (Rehovot, Israel) used nMS techniques
to study the evolutionary history of the 20S proteasome. This proteolytic complex is ubiquitous throughout all three kingdoms of life,
making it an ideal candidate to study throughout evolution.
20S proteasomes were isolated from yeast, rat liver and human
cells, all of which were reported in a paper published in Biomolecular
Engineering, although in a presentation at the Celebration of Native
Mass Spectrometry Sharon revealed that the proteasomes of
archaea and a rabbit were also analyzed [12].
“Specifically, we applied ion mobility, SID, collision induced dissociation, collision induced unfolding profiles and top-down pseudo-MS3
experiments in order to study the structural properties of the ortholog
proteasomes,” noted Sharon, speaking to BioTechniques at the
conference [13].
The results of this analysis were surprising, as the structural
properties of each species’ 20S proteasome did not align with the
linear increase in size and stability that was expected to follow the
evolutionary development of the proteasome by the research team.
“We saw that yeast was the most stable and biggest proteasome, more
than mammalian complexes, and it could be that stability is not a feature
that is advantageous, maybe the more flexible structures are those that
facilitate functionality. Indeed, the number of intrinsically unstructured
proteins that are identified is growing, so maybe flexibility in structure is
a feature that assists function,” Sharon theorized.

Figure 3. A bacteriophage.
and analyze it by NMR, because that is more conventional and thus
better accepted by their peers.”
In her own study into G-quadruplex structure, Gabelica noted
herself that there is an element of structural difference in the solution
structure compared with the gas phase structure of G-quadruplexes,
as identified by ion mobility spectroscopy [10].
These differences do not spell the doom of nMS as a technique,
nor provide cause to deride and dismiss the results obtained by
the procedure. They are identified and considered aspects of using
these methods that any conscientious researcher should certainly
consider when drawing conclusions and constructing experiments.
What these limitations truly highlight is that, while the instrumentation and technique is continually improving, the development of
nMS is not yet complete. Further understanding of the alterations
acquired in the transition from solution to gas phase are required
alongside an established method accounting for or minimizing them.
nMS is currently a powerful tool for structural biology, but there is
plenty of work to do yet.
Written by Tristan Free

CHALLENGES IN NMS
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Tech News
SPOTTING ‘UNPROVEN’ STEM CELL
THERAPIES IN THE WILD

Freya Leask explores how to spot an ‘unproven’ stem
cell-based therapy and why producing an effective
stem cell-based therapy is so challenging.

W

hen Masayo Takahashi (Figure 1) shared the results of the
first clinical trial testing induced pluripotent stem cells
(iPSCs) in humans in the New England Journal of Medicine,
she was surprised to see, next to her article, another article reporting
on the same autologous stem cell-derived treatment.
Takahashi, formerly based at RIKEN (Japan) but who recently
spun out a standalone company called Vision Care, made headlines
in 2014 when she implanted a sheet of retinal pigment epithelium
(RPE) cells, produced by first reprogramming the patient’s own
cells into iPSCs then differentiating them into the RPE cells, into
the patient’s eye to treat age-related macular degeneration. The
process, which Takahashi described as “a momentous first step ”
towards applying iPSCs to regenerative medicine, was noteworthy
for the its complexity and difficulty, as well as the speed at which
it was carried out after the Japanese health ministry gave approval
for a potential clinical trial.
By 2017, having followed the patient for a year to determine there
were no ill effects, she was ready to publish her report. However, the
other article, published by a coalition of physicians, had different news
to share.
In the paper, the team describe three Florida patients who also
received ‘stem cell’ treatments. However, unlike Takahashi’s patient,
they were left blinded after their treatment caused vision loss, detached
retinas and hemorrhage. They had received an unproven treatment,
seemingly without the careful planning and preparation that usually
accompanies a procedure like this.
The term ‘unproven treatment’ is hugely emotive to scientists
aiming to develop ‘proven’ treatments, commercial providers arguing
against it, and patients looking for answers and, ultimately, hope. In
2015, the International Society for Cell Therapy (ISCT), now the International Society for Cell and Gene Therapy, set out to define exactly
what makes a therapy ‘unproven’.
Vol. 67 | No. 6 | © 2019 Future Science Ltd
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HOW IT WORKS… OR DOESN’T
The first criterion to denote an ‘unproven therapy’ is the lack of scientific rational to suggest potential efficacy. There’s “little evidence that
adipose, bone marrow and amniotic stem cells can be used safely and
effectively for the diverse array of conditions marketed by for-profit
clinics,” according to Paul Knoepfler, speaking to RegMedNet in
2018 [1]. Paul is a professor at University of California, Davis (CA, USA)
and runs the noted stem cell blog The Niche [2]. He has been
monitoring the rise of unproven stem cell treatments on The Niche
as well as in peer-reviewed literature.
Although some studies have demonstrated that stem cell-based
treatments can be safe, there is little clinical evidence of a high
enough quality that indicates they are effective in humans [3].
There should also be an understanding of the mechanism of
action to support clinical use of the therapy. In 2019, research
conducted at Arizona State University (AZ, USA) into the clinics
offering stem cell-based therapies found that although 60% of
staff listed on the clinics’ websites had medical degrees, over
a quarter had other medical qualifications such as Doctor of
Osteopathy, and Doctor of Chiropractic and Doctor of Naturopathic
Medicine [4], a range of qualifications and specialties unlikely to
have the expert knowledge into how and why stem cell treatments
work the way they do, if at all.

A WOBBLY EVIDENCE BASE
Another reason to be wary of ‘unproven’ treatments is they may
possess insufficient data from in vitro assays, animal models and
clinical studies regarding the safety profile to support the use in
patients. They may also misrepresent early-stage data showing
safety as conclusive proof of efficacy.
Many businesses marketing unproven treatments make “positive
but imprecise, unquantified claims about the therapeutic promise
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Figure 1. Masayo Takahashi (right) was the lead scientist in the first
human trial involving iPSCs. Kyodo News via Getty Images.
of the stem cell interventions they promote,” explained Leigh
Turner, Associate Professor at University of Minnesota Center for
Bioethics, School of Public Health and College of Pharmacy (MN,
USA), speaking to RegMedNet following his 2018 research into
the Canadian landscape of unproven treatments. In the paper, he
detailed the ways in which some clinics
get around the lack of published evidence
in the field.
“I’m very concerned about the risks
associated with businesses making
dramatic claims about stem cell treatments … without doing the careful, costly
and time-consuming work needed to
develop a compelling evidence base for
such representations,” continued Turner.
Such clinics are using “tokens of
scientific legitimacy”, he explained, such
as personal testimonials, eminent scientific advisory boards, professional affiliations and technical language to make their
proffered treatment more acceptable [5].
Without links to “peer-reviewed publications, unpublished data or other sources of
evidence”, it’s “impossible to know whether meaningful data support
such assertions.”
The one thing patients need to remember, says Kieran Breen,
Head of Research and Development, St Andrew’s Healthcare (UK):
“If it sounds too good to be true, it probably is.”

from the patient receiving the therapy. In the second, she obtained
cell lines from the CiRA iPSC bank (Japan) [6].
The cells are then differentiated, with multiple quality controls
at every step. These measures range from assessing the cells’
morphology, viability and density to potential tumorigenicity and
presence of viral or mycoplasma contamination, as well as looking
for specific cell surface markers to ensure the desired final cell type
has been produced [7].
With Takahashi’s first trial, after this stage an RPE cell sheet was
surgically implanted into the subretinal space of the patient’s eye.
The process took 10 months, from initial skin biopsy to collection
of patient fibroblasts to production of an RPE cell sheet that was
ready to be implanted. Since then, other cell-based treatments have
reported manufacture times of around 3–4 weeks [8].
By contrast, the Florida patients received a therapy much closer
in nature to their original cell sample. A sample of adipose tissue was
obtained via liposuction and stromal vascular cells were separated
out using enzyme treatment and centrifugation. This cell fraction
was then resuspended in a small amout of platelet-rich plasma,
separately obtained from a sample of the patient’s whole blood,
before being used immediately for intravitreal injection [9].
There are usually many more steps in
producing a cell or gene therapy, explains
Karen Magers, Head of Regulatory for Cell &
Gene Technologies, Lonza Pharma & Biotech
(Switzerland), because “the manufacturing
process is designed with the objective of consistently manufacturing products derived from cellbased starting material that meet target quality
attributes linked to the desired patient safety and
clinical outcome.” Ultimately, a standard, effective
product is vital before it can be administered to
human subjects.
Why is there such a difference between
the treatments? The answer lies in a definition
that has been rigorously debated since its
inclusion in a publication of 2005.

The unproven
“clinic
part always

muddies the waters
and risks damaging
the public’s
perceptions of
stem cell research
and regenerative
medicine.

”

QUALITY NOT QUANTITY
Living medicinal products, such as stem cell-based treatments, are
complex by nature and generally involve multiple steps to produce
a quality product. ‘Unproven’ products, according to the ISCT, lack
a standardized approach to confirm product quality and ensure
consistency in cell manufacturing, or are used within nonstandardized or nonvalidated administration methods.
With the many stem cell-based therapies currently under investigation, a sample of patient or donor cells is collected and is then
expanded. Cell lines can also be obtained from validated cell banks.
In her first trial, Takahashi used autologous cells, or cells obtained
Vol. 67 | No. 6 | © 2019 Future Science Ltd
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MINIMAL MANIPULATION… OR NOT
The FDA is responsible for regulating an exhaustive list of products
to ensure the safety of the US public, including therapeutic products
such as cell therapies. Most of the products require a new drug
application or biologics license application before they can be
marketed. The process of securing a new drug application or
biologics license application can be lengthy, as rigorous preclinical
and clinical study data are required. Could there be a way of bringing
the benefits of stem cell-based therapies to patients without have
to submit so much paperwork?
Many clinics currently marketing ‘stem cell-based’ treatments, of
which there may be over 700 in the US alone [10], cite an exemption
over ‘minimal manipulation’ and ‘homologous use’. Where a human
tissue or cell-based product has been minimally manipulated – for
example, nothing more than centrifugation or cryopreservation –
and will produce the same function in the recipient as they did in the
donor, it doesn’t need the formal approval of the FDA.
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However, Magers explains, “As manufacturing steps completed
to produce cell-based products have the potential, and in many cases
the intended outcome, of altering the relevant characteristics of the
cells, the processing that occurs during the manufacturing process
is more than minimal manipulation.” As an example, “if cells are
isolated from structural tissues such as adipose tissue, the process
of isolating the cells is more than minimal manipulation … manufacturing steps that alter biological characteristics such as metabolic
activity, differentiation state or proliferation potential [are] more than
minimal manipulation.”
The FDA agrees, and since 2017 has taken a tougher line on
‘unproven’ clinics, sending out warning letters and even taking
some to court [11].

WHERE THERE’S A WILL, THERE’S A WAY
The problem with the ‘unproven clinics’, explains Takahashi, is that
the patient desire is there. “Patients come from all over Japan” to her
clinic in Kobe; “we’re not treating anything”, she says, “but still they
come”. For some patients, the risk of the unknown is worth the risk.
“My vision was very poor … I was unable to read, see faces, or
drive,” says Doug Oliver, who received a stem cell transplant to treat his
macular degeneration and now advocates for patients in the regenerative medicine field through founding the Regenerative Outcomes
Foundation. “I was suicidal just 2 years prior” to his treatment, he
explained. Five months later, he got his driving licence back.
However, the information he received was “simple and general”. In
the case of the Florida patients, at least two out of the three believed
they were taking part in clinical trials, and inability to provide proper
informed consent due to inadequate information is yet another ISCT
hallmark of an ‘unproven’ treatment.
Before his 2018 work into the Canadian stem cell landscape,
in 2017, Turner investigated businesses using ClinicalTrials.
gov, a registry of clinical trials run by the United States National
Library of Medicine and currently holding registrations from over
318,000 trials from 209 countries in the world. He was alarmed
to see companies using this registry as an exercise in ‘direct-toconsumer’ marketing.
“If you take a careful look at many of these pay-to-participate studies
you find what in numerous cases appear to be studies with serious
scientific and ethical shortcomings … in some instances, there is no
record of peer-reviewed preclinical studies being done before stem cells
are administered – for thousands or tens of thousands of dollars – to
humans,” Turner explained. Without businesses being transparent
about the evidence that exists for these treatments, “patients are
exposed to an unnecessary and avoidable level of risk when they pay
to participate in such studies.” [12].

PUBLIC PERCEPTION & FUTURE DEVELOPMENT
“The unproven clinic part always muddies the waters and risks damaging
the public’s perceptions of stem cell research and regenerative
medicine,” explains Knoepfler, who often deals with emails from
desperate patients looking for information [1].
Oliver believes that more patient education is needed: “as
regulatory expectations become clearer and take more form in the
US, it is clear the real ‘bad actors’ are getting worse.” The process of
manufacturing and receiving a stem cell-based treatment needs to
Vol. 67 | No. 6 | © 2019 Future Science Ltd
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Figure 2. In his original Regenerative Medicine article, Knoepfler
mapped the complex and interwoven stem cell ecosystem. The
degree of separation, or lack thereof, means that unravelling the
relationships between stakeholders is time-consuming, and identifying where education and authority would be of most benefit is
difficult [13].
be made more transparent, to “standardize informed consent, provide
opportunity for patient input, and train practitioners to gather robust
data that can actually be used in clinical trials.”
If the real bad actors aren’t dealt with soon, he says, more “patients
will start getting hurt”.
Written by Freya Leask
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Letter to the Editor
Higher percentage of horse serum in culture media
blocks attachment of PC12 cells
Jennifer L Meth1 & Alan R Schoenfeld*,1

T

he rat pheochromocytoma cell
line, PC12, has become a major
model system to study many
aspects of neuronal activity since its development and characterization in the
1970s [1]. One of its most useful properties
is that, following stimulation by nerve
growth factor (NGF), these cells extend
processes or neurites in a differentiation
program that is reversible upon NGF
removal. The NGF-mediated differentiation
includes the formation of functional
synapses as well as electrical excitability [2,3]. Because of these remarkable
properties, PC12 cells have been an
important tool to uncover the mechanisms
of neuronal differentiation as well as the
NGF signaling pathway. PC12 cells have
also been used extensively to study exocytosis, especially of catecholamines
(reviewed in [4]).
According to their initial characterization [1], PC12 cells are round or
polygonal, loosely adherent, and tend to
grow in clumps. We report here that their
cellular morphology and adherence is
affected greatly by the percentage of horse
serum contained in their culture medium.
While the original growth conditions in
Greene and Tischler specify the addition
of 10% horse serum and 5% fetal calf
serum (FCS) in the growth medium, which
is reinforced by recommendations of the
culture repository, ATCC, not all researchers
use the same amount of horse serum in their
PC12 cultures. Although 10% horse serum is
most common, amounts ranging between

KEYWORDS
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as low as 5% [5] and as high as 15% [6] have
been used. Moreover, reasons for utilizing
a specific concentration of horse serum
are routinely not provided and the literature also lacks sufficient explanation as
to its effects. We initially observed, after
changing our source of horse serum, that
a larger percentage of cells were more
rounded and seemingly loosely attached
several days after plating, which led us to
further analyze the effects of horse serum
on the growth of PC12 in culture.
PC12 cells were grown in DMEM media
supplemented with increasing percentages
of horse serum (0, 2.5, 5, 10 and 15%). Two
different sources of horse serum were
used: Donor Equine Serum from either
Corning or HyClone (GE Healthcare Life
Sciences). However, because the focus
here is the percentage of horse serum
and not variations between manufacturers (or lots), these two sources are
referred to herein simply as horse serum
1 and 2, in no particular order with respect
to the manufacturers named above. The
percentage of cells that were loosely
attached (rounded) was determined for
each culture condition, as described in
Figure 1. At 24 h post-plating (Figure 1A), as
horse serum percent increased, there was
a statistically significant, dose-dependent
increase in the percentage of cells that were
loosely attached (p < 0.001 for all comparisons, except 0 vs 2.5% horse serum, for
which p = 0.103). With 10 and 15% horse
serum, the majority of cells were loosely
attached at the 24-h time point. At 48 h
post-plating (Figure 1B), with horse serum
between 0% and 10%, the majority of cells
were polygonal and attached, with 10%
horse serum showing considerably more
cells that were loosely attached than the
lower percentages (p < 0.001 in comparison
with 0, 2.5 and 5% horse serum). At 15%
horse serum, the majority of the cells
were loosely attached at 48 h post-plating
(p < 0.001 for all comparisons). These
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results indicate that higher percentages
of horse serum in the culture media prevent
attachment and spreading of PC12 cells
toward a polygonal morphology and lead
to more loosely attached (rounded) cells.
To determine whether the horse serummediated differences in cell morphology
had a functional effect on the PC12
cells, neurite outgrowth assays were
performed, as described in Figure 2. Preincubation with the range of horse serum
percentages did not show a statistically

According to
“
their initial charac-

terization [1], PC12
cells are round or
polygonal, loosely
adherent, and tend
to grow in clumps.

”

significant difference in neurite outgrowth.
Although there was substantial neurite
outgrowth following preincubation with
all percentages of horse serum (including
0%), there was more variability when using
lower percentages (i.e., 0, 2.5 and 5%), and
while the higher percentages (i.e., 10 and
15%) did seem to foster slightly more neurite
outgrowth, there was at best marginal
significance, with the comparison of 5
versus 10% horse serum preincubation
coming the closest to achieving statistical significance (p = 0.078). Thus, while
variations in horse serum percentage led to
differences in morphology of the PC12 cells
prior to NGF-mediated differentiation, they
do not seem to overtly change the ability
of these cells to differentiate in response
to NGF.
Overall, the results contained herein
suggest that the choice of horse serum
www.BioTechniques.com
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Figure 1. Percent of loosely attached (rounded) PC12 cells. PC12 cells were plated in standard
culture dishes in media containing the indicated combination of horse serum and fetal calf
serum. Images captured using a Zeiss Primovert inverted microscope (at 40× magnification)
equipped with an Excelis high-definition digital camera after (A) 24 h and (B) 48 h were analyzed
blindly, counting the percentage of cells loosely attached, as judged by a halo around the cells
in the image and a lack of extensions from the cell body. Cell counts from three images for each
combination were averaged. For statistical analyses, ANOVA with Tukey HSD post-hoc tests were
performed. (Note: In both (A) and (B), there was no statistically significant difference between
horse serums 1 and 2 at any of the horse serum percentages). (C) A representative image
showing loosely attached cells with halos and attached (polygonal) cells.
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Figure 2. Neurite outgrowth assay. Wells in six-well plates were incubated with 0.5 ml of a
20 μg/ml solution of laminin (Sigma) and allowed to dry. DMEM media containing the indicated
percentages of horse serum along with 5% fetal calf serum were added to the wells (3 wells for
each horse serum percentage). PC12 cells (1 × 104 cells) were added to each well and allowed to
attach for 48 h. Media was replaced with serum-free DMEM, supplemented with 100 ng/ml of NGF
(Becton Dickenson), and the cells were allowed to incubate for another 48 h. Five images from
each well were captured using a Zeiss Primovert inverted microscope (at 100× magnification).
Cells from each image were counted, both total cells and those with neurites, defined as neuronlike extensions of the cell membrane that were equal to or longer than one diameter of the cell.
For statistical analyses, ANOVA with Tukey HSD post-hoc tests were performed.
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percentage used by researchers is
mostly a matter of choice, reflecting their
culture preferences. As the most common
percentages of horse serum used seem to
be 10 and 15%, which led to fairly similar
performance in neurite outgrowth, the
more loosely attached (rounded) cells seen
with 15% horse serum may be preferred
by researchers that do not use trypsin to
subculture PC12 cells, allowing them to
grow more as a suspension culture. Of
note, our initial observation of changed
culture characteristics upon switching
horse serum sources, which caused us to
consider discarding the horse serum, can
be simply remedied by altering horse serum
concentration.
One question perhaps worthy of further
investigation is the effect of long-term
culturing of PC12 cells in medium either
devoid of horse serum or containing lower
percentages. The more attached polygonal
cells observed with low horse serum
percentages (short term) in this report
may be associated with partial differentiation of these cells toward a non-neuronal
cell type that can be reversed by removal
of serum and addition of NGF. It is currently
unclear what role the horse serum plays in
PC12 cell culture, but given that PC12s are
progenitor cells and can differentiate along
both chromaffin and sympathetic neuronal
lineages [1], horse serum may preserve the
progenitor status of these cells. Along these
lines, horse serum has also been used to
maintain hematopoietic progenitor cells
in culture, keeping them in a less differentiated state [7,8], and has been seen to block
the differentiation of hepatic progenitor
cells [9]. Thus, future studies could further
clarify the effect of horse serum on the
differentiation state of PC12 cells.
The discrepancies in PC12 cell
attachment seen with different horse serum
sources are likely due to differences in the
levels of some factor(s) in these sera. Thus,
another potential avenue of future studies
is to determine which components in horse
serum mediate the effect seen on PC12
attachment and are responsible for the
variances observed. Unlike human serum,
for which the composition has been characterized [10], sera used in tissue culture are
usually minimally defined and the proteins,
lipids, and/or growth factors and hormones
contained in them may vary among sources
www.BioTechniques.com
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One question perhaps worthy of further inves“tigation
is the effect of long-term culturing of
PC12 cells in medium either devoid of horse
serum or containing lower percentages.

”

for many reasons [11,12]. Ditz et al. were able
to determine that high levels of fatty acid
products of phospholipase A2, notably
eicosanoids, present in some lots of horse
serum inhibited self-renewal of multipotent
murine hematopoietic progenitor cells [8].
While it is possible that these compounds
may similarly affect PC12 cells, identifi cation of the actual components of horse
serum that inhibit attachment (and preserve
progenitor status) is needed, which would
allow elucidation of the underlying cellular
pathways and mechanisms as well.
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Reports
Single-cell analysis for drug development using convex
lens-induced confinement imaging
Ndeye Khady Thiombane1, Nicolas Coutin1, Daniel Berard2, Radin Tahvildari2, Sabrina Leslie2 & Corey Nislow*,1

ABSTRACT
New technologies have powered rapid advances
in cellular imaging, genomics and phenotypic
analysis in life sciences. However, most of these
methods operate at sample population levels
and provide statistical averages of aggregated
data that fail to capture single-cell heterogeneity,
complicating drug discovery and development.
Here we demonstrate a new single-cell approach
based on convex lens-induced confinement (CLiC)
microscopy. We validated CLiC on yeast cells,
demonstrating subcellular localization with an
enhanced signal-to-noise and fluorescent signal
detection sensitivity compared with traditional
imaging. In the live-cell CLiC assay, cellular proliferation times were consistent with flask culture.
Using methotrexate, we provide drug response
data showing a fivefold cell size increase following
drug exposure. Taken together, CLiC enables highquality imaging of single-cell drug response and
proliferation for extended observation periods.

METHOD SUMMARY
In this study, we use convex lens-induced
confinement (CLiC) microscopy, which was originally developed for the study of single particles
and biomolecules, and apply it to live cell imaging
to detect fluorescently labeled cell compartments and compare the system to conventional
imaging. We also performed an extended duration
live-cell assay in CLiC by confining Saccharomyces
cerevisiae yeast cells in well-defined pits in a flow
cell and observing single-cell proliferation for 8 h.
Finally, we assessed the effects of the antifolate
drug methotrexate on cell morphology and
mitochondria integrity by observing cells during
drug exposure.
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CLiC • dose–response • methotrexate • phenotypic
screen • single cell • yeast
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One of the driving forces in systems
biology research is the emergence and
development of new data-acquisition
tools and technologies to better understand biological and biochemical
mechanisms at the single-cell level. At
present, most practical molecular and
cell biology methods capture the
average response of a cell sample
population. However, results from
these approaches can be misleading
due to cellular heterogeneity. Such
variation may arise from diverse
genetic and nongenetic factors,
including noise in gene expression.
Factors that substantially define the
amplitude of such noise include
regulatory dynamics, transcription
rates, genetic factors and intracellular
copy numbers of molecules involved
in the genetic network [1].
Single-cell heterogeneity is indeed
a well-known phenomenon in microbial
resistance and evolution studies, as
well as in cancer research. For instance,
most cancer cell lines display genomic
alterations, as well as other forms of
heterogeneity such as chromosomal
instability [1,2]. Stochastic cellular
process fluctuations, including the
state, location, activity and concentration of polymerases, transcription
factors and gene expression regulators,
may also lead to diversification in an
initially uniform cell population [3].
These variations can have a significant impact on the growth and environmental stress response of cells and
cannot be captured using conventional
cell biology methods. For instance,
conducting a drug response analysis
in yeast often requires recording its
optical density (OD600 nm) at set time
intervals over time. However, the
recorded data are a bulk representation
of the entire population and, as a consequence, may overlook fluctuations at
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the individual cell level that could lead
to drug resistance [4].
The awareness of cell population
heterogeneity and the importance
of characterizing it have led to the
emergence of a number of single-cell
analysis tools such as fluorescenceactivated cell sorting, microfluidic
lab-on-a-chip and cellular microarrays. Microfluidics are a powerful,
relatively recent innovation that are
being applied for rapid antibiotic and
antifungal susceptibility testing at a
single-cell level, which can allow one
to determine an isolate’s drug susceptibility in less than 30 min [5,6]. A range
of antibiotic and antifungal drugs
(e.g., penicillins such as mecillinam,
amoxicillin-clavulate ampicillin, sulfamethoxazole, and so on) have been
investigated using microfluidic lab-ona-chip, and the results emphasize the
utility of this technique to identify
individual cells that maintain their fast
growth rate against a background of
drug susceptible cells [5]. The impact
of single-cell analysis techniques on
drug discovery and drug resistance
studies in recent years underscores
the clear need for more techniques
that are robust in capturing not only
the cell-to-cell variations, but also to
chart their real-time proliferation and
the evolution of the same individual
cells for long periods.
Here we introduce a novel
approach for single-cell studies
using the convex lens-induced
confinement (CLiC) instrument [7]
combined with flow cells containing
embedded pits. CLiC is an imaging
system that was primarily developed
for the isolation and visualization of
single molecules in a flow cell made
of two glass layers (Figure 1A & B).
The principle of CLiC is as follows:
using a lens-rod perpendicular to the
www.BioTechniques.com
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focal plane, pressure is applied downward
directly onto the flow cell. The resulting
deformation of the flow cell confines
molecules between the smooth glass
surfaces and can load them into features
such as pits, which are embedded in the
surfaces (Figure 1B) [8,9]. This technique
had been shown to be able to successfully confine and isolate diffusing [5] and
interacting molecules [10–12] for long
periods and improve fluorescent signal
detection [7]. To date, CLiC has primarily
been used to study materials, biomolecules and particles, with only limited information available regarding its suitability for
live-cell investigations [13].
In this study, we used the yeast Saccharomyces cerevisiae, which is a well-known and
extensively studied model organism used
in the investigation of diverse eukaryotic
cell biology. The insights gained from yeast
are simplified but can be extrapolated into
mammalian systems. Due to the high
degree of conservation existing between
yeast and mammalian genes (over 50%
for essential genes), yeast is often used

to understand the mechanisms of action
of small molecules and drugs and to
acquire preliminary data for drug discovery
efforts [14–16]. Additional advantageous
criteria make yeast an ideal model organism
to benchmark the CLiC cell assay. These
criteria include: its low level of genomic
instability compared with cultured cells, its
simple and low-cost growth requirements,
and its short doubling time, which allows
faster drug effects and pathway perturbation assessment. We therefore used
yeast to validate the CLiC instrument for
single-cell analyses, specifically comparing
the CLiC imaging platform to a conventional microscope slide for fluorescent cell
imaging, drug response studies and cellproliferation observations.

MATERIALS & METHODS
Yeast cell propagation & staining

For localization experiments with fluorescent
probes, we used BY4743 diploid cells (MATa/
MATα his3Δ1/his3Δ1 leu2Δ0/leu2Δ0 lys2Δ0/+
met15Δ0/+ ura3Δ0/ura3Δ0) generated from a
cross between BY4741 and BY4742 [17].

Vacuolar staining
We inoculated BY4743 cells in 3 ml YPD
media and grew them overnight (∼16 h) at
30°C. We subsequently adjusted the cell
suspension to an OD600 nm of 10, added 4 μM
FM4–64 vacuolar stain in YPD and incubated
on an interval mixer for 30 min at 30°C. We
then removed the excess probe by centrifuging cells at 500×g for 1 min, aspirating
the supernatant and washing cells twice in
YPD before suspending in 1 ml YPD.

Nuclear DNA live cell staining
We stained BY4743 cells in mid-log phase
with an OD600 nm of 0.5 using 2.5 μg/ml final
concentration of 4′,6-diamidino-2-phenylindole (DAPI) on an interval mixer for 30 min
at 30°C. We then harvested the cell pellet by
centrifugation at 500×g for 1 min, washed
with 1× phosphate-buffered saline and
resuspended in YPD for a final OD600 nm of
approximately 10.

Mitochondrial staining
Upon treatment of BY4743 cells with 2 mM
methotrexate or 2% dimethyl sulfoxide

The only 2-in-1 pipetter
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which consists of a convex lens, mounted
curved-side down, on a narrow rod. When
lowered, the lens-rod pushes on the top
coverslip, deforming it downward, which
consequently restrains cells into the
embedded wells. This instrument does not
tether or stick down cells, but simply
confines them. Cells can then be imaged
following the microscope’s standard
protocols.

CLiC piezo

CLiC lens

Budding yeast cells

Unconfined
flow cell

Objective lens

Confined
flow cell

Figure 1. Convex lens-induced confinement instrument. (A) Representative schema of the CLiC
instrument with yeast cells loaded into the unconfined flow cell that contains embedded pits.
(B) Schematic representation of the CLiC instrument with the lens rod moving downward to confine
the yeast cells into the flow cell pits.
CLiC: Convex lens-induced confinement.

(DMSO) as a vehicle control for 20 h, we
pelleted and resuspended cells in
prewarmed (30°C) staining solution
containing YPD media and 200 nM
Mitotracker Red CMXRos. We subsequently
incubated the cells at 30°C with shaking
for 30 min in a thermomixer, pelleted and
resuspended them in fresh YPD media
prewarmed at 30°C.

CONVEX LENS-INDUCED
CONFINEMENT

The CLiC instrument is composed of five
major components assembled to allow
confinement of single molecules or cells
into embedded wells in the CLiC flow cell,
Vol. 67 | No. 5 | © 2019 Corey Nislow
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which we refer to in this paper as pits. (i) The
first component is a mounting stage that
perfectly fits into an inverted microscope’s
main stage. (ii) The second component is a
mounting chuck that holds the flow cell,
enables fluid exchange and is inserted onto
the mounting stage. (iii) The third and main
part is the flow cell made of two thin glass
coverslips. The bottom coverslip contains
embedded wells and is attached to the
upper flat coverslip by a 30-μm thick doublesided adhesive [11]. Cell samples can be
loaded between the two layers through a
fluidic access port. (iv) The fourth
component is a piezo, which controls the
y-axis of the lens rod. (v) Last is the lens-rod,
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WIDE-FIELD MICROSCOPY

Image acquisition on microscope slide
& processing
We used a 63× 1.4 NA oil-immersion objective
mounted on a Zeiss (Oberkochen,
Germany) Axiovert 200 m microscope, an
Excelitas (MA, USA) X-Cite 120 LED light
source and a Zeiss AxioCam HRm Rev.2
camera to capture images of cells in brightfield channel exposed for 10 ms under 4.0-V
transmitted light. We used excitation and
emission filters appropriate for FM4–64
(Cy3, excitation/emission: 515/640 nm),
DAPI (excitation/emission: 359/461 nm) and
Mitotracker Red (Cy3, excitation/emission:
579/603 nm) with 830 ms, 125 ms and
150 ms of exposure, respectively. Images
were captured using the multi-dimensional
acquisition setting on the AxioVision 4.8.2
software (Zeiss).

Image acquisition in flow cell
& processing
For cell imaging using the Scopesys (QC,
Canada) CLiC instrument, we loaded 5 μl of
the stained cell suspension into the flow cellcontaining embedded pits and imaged with
the 63× oil-immersion objective as described
above. We captured images in the brightfield
channel using 100 ms exposure under 11.0 V
transmitted light and in the DAPI or Cy3
fluorescent channels with acquisition settings
identical to those used for imaging cells on a
microscope slide.

Microscopy image analysis &
fluorescent signal quantification
ImageJ software (with the Fiji plugin) was
used to measure the ‘area’, ‘integrated
intensity’ and ‘mean gray value’ of fluorescent
cells [18,19]. We first selected the regions of
interest (ROI) delineating every single cell on
channel 1 (brightfield-transmitted channel)
and subsequently performed fluorescent
signal measurements on channel 2
www.BioTechniques.com
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Figure 2. Corrected total cell fluorescence of
FM4-64 stained cells under confinement in the
convex lens-induced confinement instrument
flow cell versus on a traditional microscope
slide. (A) Representative images of BY4743
unstained (-) or stained with FM4-64 vacuolar
stain (+) and captured under a traditional microscope slide or when confined in the CLiC flow
cell. Imaging performed under BF channel and
fluorescent channel (Cy3, FM4-64). (B) Box and
Whisker plot of corrected total cell fluorescence
distribution for n ≥ 300 cells per condition.
BF: Brightfield; CLiC: Convex lens-induced
confinement; CTCF: Corrected total cell fluorescence; S:N: Signal-to-noise ratio.
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Cell proliferation under
flask versus flow cell platform
For the growth comparison experiment, we
used the dfr1/DFR1 heterozygous deletion
strain, derived from BY4743 [20]. This strain
is deleted for a single copy of the enzyme
dihydrofolate reductase, which is the established target of methotrexate [21].

Yeast growth in flasks
We propagated a cell suspension, characterized by an optical density measured at
600 nm (OD600 nm) of 0.25, in 50 ml YPD in a
flask at 30°C for three generations, and
performed readings with an Eppendorf
(Hamburg, Germany) Biophotometer every
15 min.

Yeast growth in flow cell
We loaded 5 μl of a cell suspension with an
OD600 nm of 5 into a flow cell, and grew the
cells at 30°C. To monitor and control the
temperature of the flow cell environment, we
used a silicon heat tracing cable and temperature sensor wrapped around the 63×
oil-immersion objective. The Zeiss Axiovert
200 m microscope captured images of proliferating cells every 15 min for 8 h.
Vol. 67 | No. 5 | © 2019 Corey Nislow

To prepare the samples for the spot assay,
we grew BY4743 cells in the presence of 2.0,
1.0, 0.5 or 0.25 mM methotrexate, or 2%
DMSO vehicle control
for 20 h, normalized
them to an OD600 nm of
1 and transferred
them to a 96-well
plate. We subse quently performed
fivefold
serial
dilutions on each
sample, spotted them
onto YPD agar by
transferring 5 μl of
each suspension, and
grew the cells at 30°C
for 48 h prior to image
acquisition.

scope slides, we captured images of BY4743
cells stained with 4-μM FM4–64 vacuolar
rim stain on a microscope slide and a CLiC
flow cell under similar fluorescent settings.

pE-300 Series
Award Winning
Microscopy
Illumination

RESULTS &
DISCUSSION
Fluorescent
signal detection
comparison in
flow cell versus
microscope slide

To study the ability to
obtain fluorescent
signals from live cells
on
the
CLiC
instrument and
compare the data to
that obtained from
conventional micro-
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(fluorescent channel). For normalization, we
measured an empty background area on the
field of view and determined the corrected
total cell fluorescence (CTCF) using the
following formula:
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Figure 3. Corrected total cell fluorescence of DAPI-stained cells under
confinement in flow cell vs on microscope slide. (A) DAPI-stained BY4743
cells captured under Brightfield (BF)
and fluorescent (DAPI) channels.
Imaging performed under flow cell
confinement (top) and on a microscope
slide (bottom). (B) Column scatter plot
of CTCF of n ≈ 100 cells per condition.
Image displays individual data (blue
markers), their average (black horizontal
lines) and standard deviation (blue error
bars) for each condition.
***p < 0.05 under an unpaired two-tailed
t-test.
BF: Brightfield; CLiC: Convex lensinduced confinement; CTCF: Corrected
total cell fluorescence;
DAPI: 4′,6-diamidino-2-phenylindole.
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Figure 4. Mitochondria fluorescent
imaging of methotrexate versus dimethyl
sulfoxide-treated cells. Mitotrackerstained BY4743 cells treated for 20 h with
2% DMSO vehicle control (top) or 2 mM
methotrexate (bottom) and captured in
flow cells under Brightfield (BF) and Cy3
Fluorescent (Mitotracker Red™) channels.
BF: Brightfield; DMSO: Dimethyl sulfoxide;
MTX: Methotrexate.
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Methotrexate effect
on yeast in flow cells
After validating that the CLiC instrument was
suitable for fluorescence imaging, this
platform was used to study the effect of the
antifolate drug methotrexate, a dihydrofolate
reductase inhibitor, on BY4743 cells [21]. In
yeast, the dihydrofolate reductase enzyme
is encoded by DFR1 and is required for tetrahydrofolate biosynthesis. This enzyme is
functionally conserved between yeast and
human cells; that is, the viability and
antifolate resistance of a yeast dfr1 mutant
Vol. 67 | No. 5 | © 2019 Corey Nislow
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An unstained BY4743 negative control
sample was also analyzed. Both platforms
detected fluorescent signals consistent with
vacuolar rims in stained cells (Figure 2A).
From visual inspection, the CLiC instrument
captured the stained vacuolar rims with high
contrast. Quantitatively, the average signalto-noise ratio with CLiC was enhanced
compared with the microscope slide, 5:1
versus 3:1, respectively (Figure 2B). The
CTCF distribution of the stained samples on
the two platforms were not significantly
different; however, the distribution obtained
with CLiC extended over a larger dynamic
range of signals, highlighting the CLiC ability
to detect higher signals (Figure 2B).
Signal detection of cells stained with
2.5 μg/ml DAPI for 30 min also demonstrated signal detection sensitivity differences between the CLiC flow cell versus the
microscope slide. The average integrated
fluorescence per stained cell was 10,517
for n = 110 cells visualized on a microscope
slide compared with 17,192 for n = 104 cells
imaged under confinement with CLiC. Under
a student’s two-tailed t-test, assuming equal
variances between the samples, the distribution of signals was significantly higher
in CLiC flow cells (p < 0.05) (Figure 3A & B).
The fluorescence signal detection
comparison validated the ability of the
CLiC instrument to image cellular compartments with high resolution and precision
(Figures 2A & 3A). Additionally, DAPI
fluorescent signal detection was greater
with increased sensitivity in CLiC flow cells
compared with microscope slides. This
higher sensitivity could be explained by the
decrease in the vertical volume of the cells
when squeezed, allowing higher background
signal rejection and better fluorophore
detection [8].

40

Anaphase
S/metaphase
G1

20

0
2% DMSO

2 mM MTX

Figure 5. Cell size comparison of methotrexate- versus 2% dimethyl sulfoxide-treated cells. (A) Box
and Whisker plot representation of the cell volume distribution of n = 100 BY4743 cells treated for
20 h with 2 mM MTX versus the control treated with 2% DMSO. (B) Population percentage of cells
in anaphase, S/metaphase and G1 phase of the cell cycle and the deduced budding indices of MTXversus DMSO-treated cells.
DMSO: Dimethyl sulfoxide; MTX: Methotrexate.

can be rescued by expression of the human
enzyme DHFR [20]. Inhibition by methotrexate results in fitness defects of yeast
cells, which is likely due to the adverse
effects of the drug on nucleic acid and amino
acid biosynthesis [21]. Dfr1 has previously
been reported to be necessary for mitochondrial morphology maintenance in the
presence of 10 μg/ml doxycycline [22]. We
therefore hypothesized that inhibiting Dfr1
with methotrexate would have an impact on
the mitochondrial structure of the cells.
BY4743 cells treated with 2.0 mM
methotrexate for 20 h showed no major
mitochondrial structural damage based on
observations of Mitotracker Red stained
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cells (Figure 4). Methotrexate treatment
did, however, result in a drastic morphology
change in BY4743 cells. Treated cells were
almost fivefold larger in volume than the
2% DMSO-treated cells, with an average
volume ± SEM of 900.8 ± 35.41 μm3 (n = 100)
compared with 185.9 ± 8.168 μm3 (n = 100),
respectively. Most strikingly, methotrexate
had a pronounced effect on cell cycle
progression. When assayed for budding
index [23], we found a 1.36-fold increase
in the population budding index of n ≈
200 treated cells (87%) compared with the
DMSO-treated control (64%) (Figure 5A & B).
When treated with methotrexate, 73% of the
cell population was found in the telophase/
www.BioTechniques.com

15/11/2019 14:54

Reports
[MTX]
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1.0 mM
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0.25 mM

2% DMSO

OD = 1.0

5× serial dilution

Figure 6. Viability assay on methotrexate-treated BY4743 cells. Cells treated for 20 h with 2.0 mM,
1.0, 0.5 or 0.25 mM MTX, or 2% DMSO, spotted onto YPD agar and incubated for 48 h are displayed
on this image. From left to right, spots correspond to 5× serially diluted cells starting with a cell
suspension with an OD600 nm of 1.0.
DMSO: Dimethyl sulfoxide; MTX: Methotrexate.

anaphase stage of the cell cycle compared
with 16% for the DMSO-treated control,
suggesting that methotrexate either caused
mitotic arrest or delayed mitotic exit [24].
To further investigate methotrexate’s
effect on BY4743 cell viability, cells treated
with 2.0 mM methotrexate for 20 h were
spotted onto YPD agar for 48 h. To our
surprise, despite their dramatic morphology
change, budding alterations and growth
inhibition (Figures 3, 4A & 4B), methotrexate
treatment did not exhibit a major impact on
the cell viability following recovery on YPD in
the absence of methotrexate (Figure 6). This
observation suggests that methotrexate is
cytostatic and not cytocidal under the conditions tested.

Yeast cell growth study in flow cell
To investigate whether the CLiC instrument
is useful for observing live cell growth, cells
in log phase were re-suspended in YPD,
Vol. 67 | No. 5 | © 2019 Corey Nislow
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adjusted to an OD600 nm of 5 and loaded into
a flow cell confined by CLiC. Observations
recorded at 30°C using brightfield illumination (refer to ‘Materials & methods’ for
temperature control). Confined single cells
had an initial doubling time that ranged from
1 h 30 min to 2 h 30 min (Figure 7A & B), with
an average of 2 h 15 min, which was
consistent with the first doubling time
recorded when the same strain is grown in
flasks (Figure 7C & D, Supplementary Video
1). With the CLiC instrument and a cell
suspension with an initial OD600 nm of 5 prior
to loading, we were able to reproducibly
observe two cell doublings (Supplementary
Videos 1–4). This assay validated the use of
the CLiC instrument for single cell proliferation studies and could be used to observe
the real-time drug response variabilities
among a cell population.
This study validated the use of the CLiC
instrument for accurate single-cell investiga-
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tions. We observed that fluorescently labelled
cells had improved background rejection
(i.e., lower nonspecific fluorescence), which
resulted in a higher signal-to-noise ratio within
the flow cell compared with the microscope
slides. The platform detected cellular DNA
with higher precision and sensitivity, which
also applied to other cellular compartments
(vacuoles and mitochondria in this study).
Most importantly, the CLiC instrument
allows robust growth of yeast cells during
single-cell confinement and observation in
real time. This device could be used in future
studies to observe the real-time emergence
of resistant drug suppressors as well as yeast
and bacterial persistence [4], a phenomenon
whereby, upon drug treatment, a small
surviving subgroup regrows into a population
that has not acquired any resistance and
is still as sensitive to the treatment. This
device also holds great potential for routine
use in fields such as cancer research, where
single-cell variabilities and instabilities are
especially important for developing effective
therapies. While we focused on yeast cells as
a model system in this work, previous studies
performed on adherent Chinese hamster
ovary (CHO-K1) cells demonstrated the feasibility of customizing the CLiC instrument with
a cytoindentor, which allows precise indentation and imaging of live mammalian cells
without significantly changing their oxidative
stress or causing detectable impacts on cell
fitness [13]. To manipulate cell adherence,
the flow cells could be customized and
coated with fibronectin as previously
demonstrated [13]. Further optimization and
validation studies will, however, be needed
for application on drug response and proliferation studies of mammalian cell lines. As with
any single-cell technique, we acknowledge
that drug response analysis on mammalian
cells might be challenging with the CLiC
instrument and not completely reflect their
response in vivo. Nevertheless, single-cell
technologies are essential to understand
cell-to-cell variations in a heterogeneous
population. Additionally, with the open architecture of the flow cell, it is possible to rapidly
modify the environment for growth optimization (e.g., a stage-top incubator system
enclosing the CLiC instrument can be used
to maintain the temperature and humidified
CO2 for mammalian cells). Based on the data
collected during this investigation, we suggest
that CLiC is a useful new tool for single-cell
www.BioTechniques.com
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Figure 7. Yeast cell growth comparison in convex lens-induced confinement instrument flow cell versus flask. (A) Timepoint 00:00 image of cells
confined in convex lens-induced confinement flow cell and grown at 30°C in YPD for 8 h (refer to Supplementary Video 1 for complete growth cycle)
and numeric labeling of pits containing cells. (B) Average doubling time of cells in Figure 7A numerically labelled pits. (C) Growth curve of cells grown in
flask at 30°C with shaking in YPD, n = 2. (D) First, second and third doubling time of cells grown in flasks and deduced from Figure 7C.

biology and is well-suited for the study of
single-cell heterogeneity in drug response.

FUTURE PERSPECTIVE

While extraordinary progress has been
made in developing and implementing highthroughput, high-content screening
platforms with powerful analysis software,
there are still obstacles to wide adoption of
Vol. 67 | No. 5 | © 2019 Corey Nislow
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real-time cellular imaging. These challenges
can be broadly grouped into: hardware, data
collection and analysis, and cost and ease
of use. With regards to the hardware issue,
the current imaging platforms can be
categorized as: i) traditional microscopes
that have been automated; ii) automated,
dedicated imagers; iii) plate readers with
single-cell resolution; and iv) flow cytom-
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eters. Each of these platforms is capable
of single-cell resolution, but some are
unable to re-identify and track individual
cells over time (e.g., plate readers and
cytometers), and even dedicated imagers
struggle to faithfully track large numbers
of individual cell trajectories.
The flow cell and CLiC instrument
therefore fills several important gaps;
www.BioTechniques.com
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it is a relatively inexpensive accessory
that can be added to any inverted
microscope and, most importantly, the
confinement afforded by CLiC, combined
with flow cells containing ordered
features, allows one to track individual
cell trajectories over an extended period
in real-time in physiological conditions. This capability is key to understanding the individual cell’s response
to drugs or other perturbations. This is
especially true when performing highresolution phenotyping. The improved
signal that can be obtained from fluorescently labeled molecules should aid in
the subcellular localization of ligands in
single cells.
While generating arrays of cells within
an imaging field is not a new idea [25], CliC
provides a flexible (the only constraints
are in the initial flow cell design) means
to achieve living cell microarrays that
are unique in that no tethers are required
to keep cells within the focal plane over
extended periods. The next challenges
with CLiC as applied to phenotypic screens
will be to increase the capacity of the flow
cells and to introduce automation, for
example, for loading flows cells and liquid
exchanges.
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New method for measuring fluorescence
microscopy illumination
www.CoolLED.com

The intensity of microscope illumination systems has a significant impact on the brightness and contrast of
images and therefore data quality. Optimal illumination has been surrounded by complex, confusing and
sometimes inaccurate measurements and terminology, but a new method is putting a stop to this.

INTRODUCTION

LED illumination systems for fluorescence microscopy present a modern alternative to mercury and metal
halide lamps, affording a range of benefits in terms of cost, functionality and the environment. They are
now recognised as a mature technology, but one topic lags behind. The industry has not yet settled on a
standardised approach for measuring intensity. Without a quantitative baseline, it is impossible to normalise
performance requirements and configure system improvements.
We propose correct terminology alongside an industry standard methodology allowing microscopists to
easily quantify the intensity where they need it, at the sample plane. These meaningful data will allow
direct comparison of all illumination systems and microscope configurations, enabling scientists to
optimise their system to suit their needs.

WHAT ARE WE MEASURING?

When product specifications or discussions surrounding fluorescence microscopy illumination mention
illumination intensity, it is not often clear exactly what this refers to. Firstly, let us clarify what is meant by
the term intensity:
• Intensity: Power per unit area. It can refer to any kind of power (electrical, heat, light etc.) and is measured
in W/m2.
• Radiant intensity: Not to be confused with intensity, this measures power per unit steradian (i.e. power per
unit cone angle of emission) in W/sr.
• Power: Measured in W, this value is largely meaningless since it does not consider how effectively power is
focused onto a given surface area.
• Irradiance: The radiant power at a surface per unit area, measured in mW/mm2. This is our preferred term
and eliminates any confusion between intensity and radiant intensity.

WHERE TO MEASURE IRRADIANCE?

Some manufacturers quote power from the LED chip, which provides the most impressive sounding statistic.
Others might quote light at the end of a liquid light guide. However, these numbers are misleading since they
are not representative of the light reaching the sample (Figure 1).
The only significant light is that hitting the sample to excite the fluorophore and the only meaningful place to
measure the optical power of an illumination system is therefore at the sample plane. Measuring this irradiance
in mW/mm2 provides accurate values which can form a baseline for the comparison of microscope configurations and illumination systems.

A PROTOCOL FOR MEASURING IRRADIANCE

At CoolLED we quote irradiance values at the sample plane of a typical fluorescence microscope, for example
an Olympus BX51 microscope with a 10x (0.3 NA) or 40x (0.85 NA) objective.
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Figure 1: Why measure irradiance at the sample plane. As light travels from the LED to the sample, a portion is
lost at each step, for example the Liquid Light Guide (LLG). Measuring light at any point upstream of the sample
plane will therefore result in misleading data.

1. Remove the excitation filter from the cube and replace the dichroic mirror with an 100% mirror. This means
we are measuring light at the sample plane unaffected by optical filters.
2. When measuring power at the sample plane, use a calibrated optical spectrometer. We also use an
integrating sphere or cosine corrector to acquire a power result that is independent of the ray’s angle of
incidence on the detector.
3. Close the microscope field stop until the field stop image on the sample plane is just outside the field of
view. This ensures that light hitting the sample plane will only consist of light rays that are within the field
of view for the objective in use, as seen by an eyepiece or camera with a given field number. This removes
light that could be escaping from the objective but not making it into the field of view, achieving a more
precise measurement by removing any variability caused from the field stop.
4. Calculate irradiance from the power reading using the surface area at the sample plane:
a. Determine the diameter in mm = Field number (fn) / objective magnification (Mo).
b. Calculate surface area in mm2 using the equation πr2.
c. Use the surface area and power reading to express irradiance in mW/mm2.

SUMMARY

As LED illumination technology has evolved, so has the discussion surrounding what is commonly referred
to as ‘illumination intensity’. The confusion stemming from varying terminology and measurement techniques
has created a barrier to identifying which systems truly deliver the most light to the sample plane. We now
therefore strongly recommend the use of meaningful irradiance values measured at the sample plane using
our standardised protocol, to both compare and boost irradiance when required.
LED irradiance is continuing to improve and we are confident this trend will continue in the coming years. We
look forward to enabling the microscopy community to independently
monitor these developments with a robust and standardised
approach for quantifying irradiance.
For more information, visit www.CoolLED.com
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ABSTRACT
Therapeutic antibodies are the fastest growing class of
drugs in the treatment of cancer, and autoimmune and
inflammatory diseases that require the concomitant
development of assays to monitor therapeutic antibody
levels. Here, we demonstrate that the use of Affimer nonantibody binding proteins provides an advantage over current
antibody-based detection systems. For four therapeutic
antibodies, we used phage display to isolate highly specific
anti-idiotypic Affimer reagents, which selectively bind to
the therapeutic antibody idiotype. For each antibody target
the calibration curves met US Food and Drug Administration criteria and the dynamic range compared favorably
with commercially available reagents. Affimer proteins
therefore represent promising anti-idiotypic reagents
that are simple to select and manufacture, and that offer
the sensitivity, specificity and consistency required for
pharmacokinetic assays.

METHOD SUMMARY
Anti-idiotypic Affimer proteins that bind therapeutic
antibodies are introduced as alternative affinity reagents
to traditional antibodies. A nonbridging ELISA assay for
pharmacokinetic analysis of these biotherapeutics in
serum is developed.

LAY ABSTRACT
The fastest growing class of drugs are derived from human
proteins that are modified to target the processes that
cause the disease. Owing to the presence of similarly
structured proteins in the blood, it is currently extremely
difficult to specifically detect the therapy over the levels
of normal human proteins in patients. However, it is vitally
important to be able to monitor the levels of these therapies
in the blood in order to ensure patients receive appropriate
dosages. This paper describes the use of artificially derived
proteins, called Affimers, to detect four commonly used
therapies. Overall, we demonstrate that Affimer reagents
provide a valid approach for monitoring dosing of these
types of drugs.
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Monoclonal antibody (mAb)
drugs have been a resounding
clinical and commercial success,
applied across a range of therapeutic areas with a particularly
significant impact in the
treatment of cancer, autoimmune
and inflammatory diseases [1–4].
High-interaction surface area
binding gives mAbs greater
specificity and so lower off-target,
toxic effects compared with
small-molecule drugs [3]. By the
end of 2017, 68 mAbs or biosimilars were in clinical use and the
market exceeded US$98 billion in
sales, having grown every year
since 2013 [5]. This trend looks
set to continue; therapeutic
antibodies are the fastest
growing class of drugs and in
2017 a record number of ten were
granted their first marketing
approvals in the USA or EU [1,6].
Further acceleration in mAb
approvals is expected, with a
considerable pipeline of over 550
antibodies in clinical development and over 50 in late-stage
clinical trials at the end of
2017 [1,6].
The advance in antibody
therapeutics requires a parallel
development of pharmacokinetic (PK) assays that can
monitor mAb concentration and
distribution in patients to guide
dosage during clinical trials and
practice [7,8]. In PK assays, the
natural antigen may not be the
optimal mAb capture reagent
if it is expensive, hazardous or
not reliably available, or when
measurements of antigen-bound
drug are required [7,9,10]. As
therapeutic antibodies are highly
humanized and present among
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up to a million-fold excess of
human IgG in serum, it is particularly challenging to generate
capture reagents that avoid
cross-reactivity [10–12]. Antiidiotypic reagents that bind to the
unique idiotopes of the antibody
variable regions are required to
specifically target the therapeutic
antibody in PK assays [10,13].
Specific anti-idiotypic reagents
are also required for immunogenicity assays [7,14–16], affinity
purification [17], analytical
studies [18] and vaccine development [19–21].
Antibodies are important
as successful anti-idiotypic
reagents, but their selection and
production can be complex and
certain limitations exist [7,10–
12,18,22,23]. With traditional
immunization methods it is hard
to select for specific binding to
the antibody idiotype, as binding
to other regions of the humanized
mAb target molecules results in
serum cross-reactivity [7,23,24].
Extensive screening may be
required and long development
times may not match the pace
of drug development [7,12,25].
mAb technology can, however,
be used to more easily generate
anti-idiotypic reagents. Antibody
production is also dependent
on animals or mammalian cell
culture to ensure correct folding,
glycosylation and cysteine
oxidation [23,26]. This complex
manufacture is expensive and
some antibodies have lot-tolot reproducibility issues,
meaning extensive validation
is required to ensure consistency throughout the drug
evaluation process [27–29].
www.BioTechniques.com
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Table 1. Number of clones in the primary screen.
Target

Clones screened by
iQue

Hits sequenced

Unique sequences

Clones selected for
ELISA tests

Trastuzumab

360

Top 96

21

21

Rituximab CDR mAb

192

192

102

17

Adalimumab CDR mAb

192

192

15

15

Ipilimumab CDR mAb

192

192

113

16

CDR: Complementary-determining region; mAb: Monoclonal antibody.

mAbs will not have significant lot-tolot variation but there is still a desire for
complementary or alternative reagents to
overcome some limitations. Alternatives
include anti-idiotypic antibody fragments
(antigen-binding fragments [Fabs]) [7],
single-chain variable fragments [11,30],
camelid nanobodies [31], shark variable
new antigen receptors [10] and llama singledomain antibodies [32], and when directed
selection and recombinant production is
implemented reagents can often have
improved consistency and specificity.
Currently, there is a particular interest
in developing antibody mimetics based on
nonimmunoglobulin scaffold proteins with
randomized, selectable binding regions, as
they can be engineered to have desirable
properties [23,33–35]. Many scaffolds
exist [23]; anti-idiotypic DARPins [22] and
monobodies [18] have been generated, but
not validated as reagents in PK assays. A
promising alternative binding protein is the
Affimer reagent, which is based on a cystatin
scaffold with two variable, nine amino acid
loops that allow high-affinity binding to a
range of target molecules [36,37]. Affimer
reagents have been used in numerous
assays from studying protein function to
diagnostics [37–47] and exhibit key characteristics that make them potentially suitable
as anti-idiotypic reagents [45]. They can
be rapidly identified, incorporating the use
of negative selection [48] to direct binding
towards the idiotype and reduce crossreactivity. Additionally, the small, stable
scaffold can be reproducibly produced
at high yield in E. coli, to give a reliable,
consistent supply [36,37,48]. Here we
confirm the suitability of Affimer binders
as anti-idiotypic reagents; Affimer reagents
against four therapeutic antibodies have
been generated, characterized and
validated for use in PK assays. Lot-to-lot
reproducibility is evaluated and comparVol. 67 | No. 6 | © 2019 Darren Tomlinson

btn-2019-0089.indd 262

isons made with anti-idiotypic Fabs to
assess the advantages of Affimer reagents
in terms of specificity, detection range and
flexibility of assay format.

MATERIALS & METHODS

ature. The membrane was then washed as
described previously and protein detected
using Amersham ECL detection reagent
(GE Healthcare Life Sciences, IL, USA),
analyzed by chemiluminescence using a
G:Box gel doc system (Syngene, India).

Target QC

The target antibodies were trastuzumab
(anti-HER2; Roche, Switzerland), rituximab
CDR (complementary-determining regions)
mAb (anti-CD20-hIgG4-mab14; Invivogen,
CA , USA), adalimumab CDR mAb
(anti-TNFα-hIgG1-mab1; Invivogen) and
Ipilimumab CDR mAb (Anti-CTLA4-hIgG1mab1; Invivogen). Each target antibody
concentration was checked by measuring
A 280 and dividing by the extinction coefficient. A 1-μg aliquot of each was analyzed
by SDS-PAGE (Bolt 4–12% Bis-Tris; Life
Technologies, CA, USA) to determine
quality and purity. A 100-μg aliquot of each
target mAb was then biotinylated by
incubating in a 10× excess of EZ-Link SulfoNHS-LC-Biotin (21327, 1 mg no-weigh
format; Thermo Fisher Scientific, MA, USA)
for 2 h on ice. Free biotin was removed by
buffer exchange, the concentration
measured and a 1-μg aliquot analyzed by
SDS-PAGE (as above) to check purity. Biotinylation was then confirmed by western
blot analysis; 200 ng of biotinylated target
mAb was separated by SDS-PAGE (as
above) and transferred onto nitrocellulose
using an iBlot system (Thermo Fisher
Scientific). The membrane was then
blocked using 1× TBS (50 mM Tris, 150 mM
NaCl; both Sigma, MO, USA) + 3% bovine
serum albumin (BSA; Sigma) pH 7.4 for 1 h
at room temperature with gentle agitation
on a roller mixer. It was then washed for
3 × 5 min using TBS-T (1× TBS + 0.05%
Tween 20; Sigma) and detected using a
1:10,000 dilution of streptavidin horseradish peroxidase (HRP; Abcam, UK) in 1×
TBS + 3% BSA pH 7.4 for 1 h at room temper-
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Phage display
Phage display was performed as described
previously [48]. Briefly, targets were
submitted to three rounds of phage display,
with deselection against antibodies of
similar isotype used to remove crossspecific binders from the phage output.
For trastuzumab, a therapeutic antibody
cocktail (rituximuab, Humira, Avastin and
human IgG1) was used for deselection. For
rituximab, adalimumab and ipilimumab
CDR mAbs, deselection was performed
with anti-CTLA4 hIgG4, anti-CTLA4 hIgG1
and anti -TNFa hIgG1 antibodies ,
respectively.

Primary screen
Following phage display, the Affimer coding
regions resulting from panning rounds 2
and 3 were subcloned into pEtLECTRA
vectors: cHA-His6-Cys for trastuzumab and
cHA-His6 for the other mAbs. Colonies were
picked (Table 1) and Affimer proteins were
expressed in 1-ml cultures and purified
using Ni-NTA resin (Qiagen, Germany). A
primary screen was performed using the
iQue Screener (Intellicyte, NM, USA). Biotinylated targets and deselection targets
were immobilized onto QSH DevScreen iQue
beads following the manufacturer’s instructions (Intellicyte). Affimer protein concentrations were normalized to 2.5 μg/ml and
10 μl added to 10-μl prepared beads in a
384-well plate. Alexa488-conjugated
anti-HA antibody (BioLegend, CA, USA) was
used to quantify Affimer reagent binding.
Clones were sequenced to identify unique
sequences (Table 1).
www.BioTechniques.com
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Affimer protein expression
Medium-scale recombinant Affimer protein
production (50–100 ml) was performed to
generate 1–2 mg of Affimer material, which
was purified by Ni-NTA magnetic beads
(Qiagen). 5 ml LB (made using LB [Lennox] EZ
mix powder; Sigma) containing 50 μg/ml
kanamycin sulphate (Sigma) and 1% (w/v)
glucose (Sigma) was inoculated with a
sequence-checked glycerol stock for the
Affimer reagent of interest and grown for 16 h
at 37°C, 220 rpm. 1 ml of starter culture was
used to inoculate 100 ml Terrific Broth
(Melford, UK) containing 50 μg/ml kanamycin
sulphate and cultures were grown at 37°C,
220 rpm until an OD600 of 0.6–0.8 was reached.
The temperature was then reduced to 25°C,
IPTG (Sigma) added to a final concentration
of 1 mM and cultures incubated at 25°C,
220 rpm overnight. Cells were harvested by
centrifugation (10,000×g, 10 min, 4°C) and
resuspended in Affimer purification lysis
buffer (pH 8.0) comprising 50 mM sodium
phosphate (Sigma), 500 mM sodium chloride
(VWR, PA, USA), 30 mM imidazole (Sigma),
10% (v/v) SoluLyse (Genlantis, SA, USA), 25 U/
ml Benzonase Nuclease HC (Millipore, MA,
USA) and for the trastuzumab Affimer
reagent 5 mM TCEP (Generon, UK) was also
added. The resuspended cells were sonicated
for 5 min (10 s on, 10 s off), then the insoluble
fraction was removed by centrifugation
(10,000×g, 30 min, 4°C) and the supernatant
filtered (0.45 μm) to remove any remaining
insoluble material. Cleared lysates were
purified with Ni-NTA magnetic beads (Qiagen)
using an automated process (washed in
50 mM imidazole, eluted in 400 mM
imidazole). Purified trastuzumab Affimer
reagents were buffer exchanged into pH 6.5
CBS (100 mM sodium citrate tribasic
dehydrate + 150 mM sodium chloride; both
Sigma) + 5 mM TCEP + 0.02% sodium azide
(Severn Biotech, UK). Other Affimer reagents
were buffer exchanged into pH 7.4 PBS
(100 mM sodium phosphate + 150 mM
sodium chloride; both Sigma) + 0.02% sodium
azide. The concentration (A280/extinction
coefficient) and purity (1 μg aliquot analyzed
by SDS-PAGE) of all purified Affimers was
measured as described previously.

ELISA validation
Selected Affimer binders (Table 1) were
tested by ELISA. Affimer proteins were
passively adsorbed onto Maxisorp plates at
Vol. 67 | No. 6 | © 2019 Darren Tomlinson

200 nM overnight at 4°C. Plates were washed Assay optimization
with 1× PBS-T (PBS diluted from 10× PBS; The sandwich ELISA protocol was used to
Gibco + 0.05% Tween 20; Sigma), using test selected Affimer proteins for speci3 × 300 μl per well on a BioTek (VT, USA) ficity, lot-to-lot variation and full curve
405-plate washer. Wells were then blocked metrics.
with 1× casein-blocking buffer (diluted in
A modified sandwich ELISA protocol was
PBS from 10× casein-blocking buffer; Sigma) used for Fabs (anti-Trastuzumab HCA168,
for 2 h at room temperature with gentle anti-Rituximab HCA186 and anti-Adaliagitation. Plates were washed as previously mumab HCA202; BioRad, CA, USA). They
and incubated with biotinylated target (at were passively adsorbed onto Maxisorp
target dependent dilution) for 1 h at room plates at 5 μg/ml overnight at 4°C, washed
temperature with gentle agitation. Plates as described previously and blocked with
were washed again and bound target was 5% BSA in PBS-T (the manufacturer recomdetected using a 1:10,000 dilution of strep- mended blocking). Plates were washed
tavidin poly-HRP (Pierce, WI, USA) for 1 h at again then the titrated target series was
room temperature with gentle agitation and incubated for 1 h at room temperature
visualized using tetramethylbenzidine (TMB; with gentle agitation before a final wash.
Surmodics, MN, USA). TMB incubation time Bound target was detected with a 1:10,000
was target dependent, usually 5–10 min, and dilution of mouse anti-human IgG (Fc) CH2
ODs were read at 450 nm and 630 nm domain antibody (anti-hFc; BioRad) for 1 h
(reference wavelength).
at room temperature with gentle agitation
Affimer binders selected from the and visualized using QuantaBlu (following
validation ELISA were then tested in a manufacturer’s protocol; Thermo Fisher
sandwich ELISA. Affimer reagents were Scientific).
passively adsorbed
onto
Maxisorp
plates at 1 μg/ml
overnight at 4°C.
Plates were washed
and blocked as
described previously
before incubation
with titrated target
(twofold dilution from
2000 ng/ml) for 1 h at
room temperature
with gentle agitation.
Plates were washed
again and bound
target was detected
with a 1:100,000
dilution of HRP-conjug a te d a n t i - h I g G
antibody (Bethyl, TX,
USA) for 1 h at room
temperature with
gentle agitation and
visualized using TMB
• Quickly Fragment Frozen Tissue
(Surmodics). TMB
• Essential For Hard To Lysis Tissues
incubation time was
• Four Models Available
target dependent,
usually 5–10 min,
BioSpec Products, Inc.
PO Box 788
and ODs were read
Bartlesville, OK 74005, USA
at 450 nm and
800-617-3363 biospec.com
630 nm (reference
wavelength).
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Rituximab CDR mAb/ng ml-1
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OD(450–630 nm)

Trastuzumab/ng ml-1

10% serum

2
1

10% serum
No serum

No serum
0

cation, prior to further ELISA validation. The
number of clones analyzed from the primary
screen is summarized for each target in
Table 1.
An ELISA was used to validate the
Affimer proteins as capture reagents for
the biotinylated antibody targets. The bestperforming Affimer reagents were then
tested in a sandwich format, using an Affimer
capture surface for the nonbiotinylated mAb
target and HRP-conjugated anti-human IgG
antibody (anti-hIgG-HRP) as a detection
reagent. Based upon the results of this
screen, a lead candidate Affimer reagent for
each target was chosen for further characterization. The lead Affimer candidate was
selected to have the greatest target specificity and a binding strength optimal for the
required assay range.

0
1

10

100

1000

10,000

Adalimumab CDR mAb/ng ml-1

1

10

100

1000

10,000

Ipilimumab CDR mAb/ng ml-1

Figure 1. Sandwich ELISA dose response curves for target therapeutic antibodies with (A) antitrastuzumab (B) anti-rituximab CDR mAb, (C) anti-Adalimumab CDR mAb and (D) anti-ipilimumab
CDR mAb Affimer reagent capture surfaces. Detection of each target therapeutic antibody was
compared in buffer (gray) and 10% human serum (red). Anti-hIgG-HGF was used as detection
reagent, with TMB substrate visualization read at 450 nm (minus 630 nm reference). Data points are
the mean of triplicate measurements and error bars indicate standard deviation from the mean.
NB: the majority of the error bars are so small as to be occluded by the data point symbol.
CDR: Complementary-determining region; mAb: Monoclonal antibody.

Flexibility of detection methods was
tested using the sandwich ELISA protocol
with the following minor adaptations: the
two generic antibodies (anti-hIgG; Bethyl at
1:100,000 and anti-hFc; BioRad at 1:10,000)
used the protocol as described except that
visualization was with QuantaBlu. The
anti-hIgG Affimer reagent (0.5 μg/ml) was
pre-incubated with a 1:15,000 dilution of
streptavidin-HRP (Abcam) in blocking buffer
before addition to test plate for detection (1 h
at room temperature with gentle agitation)
and visualization with TMB.

RESULTS & DISCUSSION
Affimer reagent selection

An Affimer phage display library [36] was
screened against four therapeutic
antibodies: trastuzumab (Herceptin) and
mAbs containing the CDR corresponding to
the parental therapeutics rituximab
(Rituxan), adalimumab (Humira) and ipilimumab (Yervoy). Screening was performed
in three successive rounds against biotinylated target mAbs. Each target underwent
Vol. 67 | No. 6 | © 2019 Darren Tomlinson
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SDS-PAGE to assess the molecular weight
and purity and biotinylation was confirmed
by western blot analysis. A negative selection
procedure [48] was used to direct Affimer
binding towards the antibody idiotype and
deselect against the antibody isotype. Small
amounts of isotype-specific antibody were
premixed with the phage library in the
second and third panning rounds, to block
cross-reactive Affimer binders and selectively isolate specific anti-idiotypic Affimer
reagents. Outputs from the phage panning
were subcloned, recombinantly produced
and purified in a small-scale automated
process. A high-throughput primary screen
was performed using the bead-based iQue
screener (Intellicyt), with target and
deselection targets immobilized onto
different beads, such that selective Affimer
binders with no cross-reactivity were
identified. Clones were sequenced and a
subset found to be unique. Of these, the
highest affinity binders identified from iQue
screening were selected for medium-scale
(50–100 ml) protein production and purifi-
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Performance characterization
of Affimer reagents in PK assay
A sandwich ELISA was developed to assess
the performance of the selected antiidiotypic Affimer reagents in quantifying
therapeutic antibody concentrations. The
calibration range of the assay is
1.95–2000 ng/ml, corresponding to a serum
concentration of 0.0195–20 μg/ml with
samples diluted 1:10. This exemplifies the
potential of Affimer binders as critical PK
assay reagents, with the scope for clinically
relevant serum concentrations to be
measured if samples are diluted further and
curves run in more diluted matrix [49–53].
The anti-idiotypic Affimer reagent was used
as capture reagent for the target mAb,
detection was with anti-hIgG-HRP and
visualization with 3,3′, 5,5″-TMB as the HRP
substrate. In this assay format each Affimer
reagent detected its target mAb across a
broad dynamic range (Figure 1). PK assays
aim to measure the target therapeutic in
human serum samples, so require minimal
sample matrix effects; that is, minimal
variation in assay performance due to the
serum matrix in which the assay is
performed. A sample matrix effect was
observed in the detection of the rituximab
CDR mAb in 10% human serum (Figure 1B),
noted as an increase in background absorbance relative to measurements in buffer.
For all other targets, minimal sample matrix
effects were observed and each Affimer
reagent displayed comparable detection of
the target mAb in 10% human serum as
www.BioTechniques.com
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Table 2. Calibration curve accuracy and precision metrics.

Quantifiable range
(ng/ml)

Inter-assay

Intra-assay

Trastuzumab

Rituximab CDR
mAb

Adalimumab CDR
mAb

Ipilimumab CDR
mAb

ULOQ

1000

1000

1000

1000

LLOQ

ca. 8

ca. 2

ca. 4

ca. 15

% CV

2.3–6.2

2.0–19.4†

1.4–7.1

2.7–11.4

% recovery

98.1–104.5

95.8–104.6

98.4–106.1

94.4–110.9

% CV

2.8–24.9†

0.7–19.5

1.2–17.3†

0.3–12.0

% recovery

96.2–109.6

84.0–122.3†

95.4–112.7

91.7–122.6†

Values approaching FDA limits obtained at a limit of quantification.
CDR: Complementary-determining region; LLOQ: Lower limit of quantification; mAb: Monoclonal antibody; ULOQ: Upper limit of quantification.

Affimer PK assay calibration curves
assessed against regulatory criteria
The performance of the calibration curves
for each anti-idiotypic Affimer sandwich
assay was assessed using section III, B, 2 of
the US FDA criteria for bioanalytical method
validation [54]. Calibration curves were
assessed in terms of the accuracy and
precision of mAb quantification within a 10%
human serum matrix. Triplicate measurements at each nominal concentration (1.95–
2000 ng/ml as twofold dilutions) of target
Vol. 67 | No. 6 | © 2019 Darren Tomlinson
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shown in buffer (Figure 1). This confirms the
success of the selection protocols in generating anti-idiotypic Affimer reagents that
specifically detect clinically relevant mAb
concentrations within a human sample
matrix. The robustness of Affimer reagent
performance in the presence of serum
overcomes any need for advance sample
preparation.
Target specificity of the anti-idiotypic
reagents within patient sample matrices is
crucial to ensure the efficacy of the assay,
as the predominance of natural antibodies
in the matrix may give rise to inaccurate
measurements if any cross-reactivity exists.
In the sandwich assay format, each Affimer
reagent was highly specific in binding its
therapeutic antibody target, showing no
cross-reactivity in the presence of high
concentrations (1 mg/ml) of alternative
mAbs, which contain highly homologous
constant domain regions to the other therapeutic antibodies and human IgGs (Figure 2).
This highlights the value of the deselection
protocols in driving binding towards the
idiotype and demonstrates the high specificity of the isolated Affimer reagents.
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Figure 2. Specificity of therapeutic antibody detection in a sandwich ELISA using (A) anti-trastuzumab, (B) anti-rituximab CDR mAb, (C) anti-adalimumab CDR mAb and (D) anti-ipilimumab CDR
mAb Affimer reagent capture surfaces. For each capture surface, detection of 1 mg/ml trastuzumab, rituximab CDR mAb, adalimumab CDR mAb and ipilimumab CDR mAb was compared in
a 10% human serum matrix. Anti-hIgG-HRP was used as detection reagent, with TMB substrate
visualization read at 450 nm (minus 630 nm reference).
CDR: Complementary-determining region; mAb: Monoclonal antibody.

were performed and a four-parameter
logistic regression was fitted as a calibration
curve. For each measurement, an interpolated concentration was then back-calculated from this curve. Intra-assay accuracy
was determined by percentage recovery; the
mean interpolated concentration as a
percentage of the nominal concentration.
Intra-assay precision was determined by the
coefficient of variation (% CV); the standard
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deviation of the interpolated concentration
as a percentage of the mean. This was
repeated in a total of three separate experiments and the local means used to calculate
inter-assay accuracy (% recovery) and
precision (% CV). Each of the calibration
curves for the four anti-idiotypic Affimer
reagents meet the following FDA performance requirements; at least 75% and a
minimum of six non-zero standards (inside
www.BioTechniques.com
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Table 3. Anti-Trastuzumab Affimer batch accuracy and precision metrics.
Trastuzumab batch comparison
Calibration range (ng/ml)

Inter-batch

Intra batch

LLOQ

ULOQ

%CV

%Recovery

%CV

%Recovery

Ca. 8

1000

0.9–13.7

99.0–117.9†

2.2–20.0†

92.8–120.1†

Values approaching FDA limits obtained at a limit of quantification.
LLOQ: Lower limit of quantification; ULOQ: Upper limit of quantification.

†

OD(450–630 nm)

2

1

Affimer batch 1
Affimer batch 2
Affimer batch 3
Affimer batch 4
0
1

10

100

1000

10,000

Trastuzumab/ng ml-1

Figure 3. Lot-to-lot reproducibility of the anti-trastuzumab Affimer reagent as a capture surface in
a sandwich ELISA. For four separate lots of anti-trastuzumab Affimer capture reagent the dose–
response curves of trastuzumab in a 10% human serum matrix are compared. Anti-hIgG-HRP
was used as detection reagent, with TMB substrate visualization read at 450 nm (minus 630 nm
reference). Data points are the mean of triplicate measurements and error bars indicate standard
deviation from the mean.

the anchor points) have intra-assay and
inter-assay calibration metrics of ≤20% CV
and 80–120% recovery, with ≤25% CV and
75–125% recovery at the lower and upper
limits of quantification (LLOQ/ULOQ)
(Table 2) [54]. The LLOQ and ULOQ are the
lowest and highest amount of analyte that
can be quantitatively determined with
acceptable precision and accuracy, giving
the quantifiable range for each therapeutic
mAb.
The quantifiable range of ipilimumab CDR
mAb is comparable to that of a commercially available ELISA kit (10–1000 ng/
ml) [55]. The other Affimer ELISAs offer a
wider quantifiable range than commercially available ELISA kits for trastuzumab
(11–300 ng/ml), rituximab (3–300 ng/ml)
and adalimumab (30–1000 ng/ml) [56–58].
As the anti-idiotypic Affimer-based assay
Vol. 67 | No. 6 | © 2019 Darren Tomlinson
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calibration curves meet accuracy and
precision standards over wide detection
ranges, this reduces the need for dilutions
and repetitions, allowing for a wider range
of samples to be analyzed within a single
assay. Furthermore, this is achieved with
just a single specific capture reagent and
universal detection format, rather than
requiring two separate specific anti-idiotypic
reagents, as in the case of many PK bridging
assays [24]. Antibodies are not limited to the
bridging format but sufficiently high-quality
reagents are required.

Consistent lot-to-lot reproducibility in
the performance of Affimer reagents
Once validated for use in PK assays, it is
important that a reliable and consistent
supply of the anti-idiotypic reagent is
available over the course of clinical devel-
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opment and usage. Anti-idiotypic antibodies
can suffer from poor lot-to-lot reproducibility; therefore, extensive standardization
may be required between lots to ensure
assay performance is maintained [12,25].
This can lead to delays in the drug development process. Affimer reagents should
offer low lot-to-lot variability due to their
simple and robust bacterial manufacturing
process. The reproducibility of the antitrastuzumab Affimer binder was assessed
as an example of lot-to-lot consistency in
these reagents. Four separate lots were
manufactured and compared by analyzing
the consistency of the sandwich ELISA
calibration curves (Figure 3) in terms of
accuracy and precision.
With each Affimer lot, triplicate measurements of 1.95–2000 ng/ml trastuzumab
(twofold dilution series) were made in
10% human serum (Figure 3) and concentrations then back-calculated from the
calibration curve. Although the curve for
lot 1 was slightly higher than the other
three assessed, the interpolated values
of each curve (intra-curve), as well as the
mean of all four curves (inter-curve), met the
criteria for accuracy and precision, within
the previously validated quantifiable range
(7.8–1000 ng/ml) (Table 3). This confirms
lot-to-lot consistency in assay performance
and demonstrates the high reproducibility of
the Affimer reagent. Anti-idiotypic Affimer
proteins therefore offer the assurance
of supply required for critical reagents in
the bioanalysis of potential therapeutics,
preventing delays due to extensive lot-tolot normalization.

Comparison of Affimer- &
Fab-based PK assay performance
Anti-idiotypic Fabs are alternative reagents
that can be selected in vitro and produced
recombinantly [11,59]. The selected antiidiotypic Affimer reagents were compared
with equivalent Fab reagents, as capture
www.BioTechniques.com
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Figure 4. Comparison of (A) anti-idiotypic
Affimer reagents and (B) anti-idiotypic Fabs
as capture reagents for (i) trastuzumab (ii)
rituximab CDR mAbs and (iii) adalimumab
CDR mAbs in a sandwich ELISA. Each antiidiotypic Affimer capture reagent was coated
at 1 μg/ml (70 nM) and each anti-idiotypic Fab
coated at 5 μg/ml (96 nm). Dose–response
curves were obtained for the target therapeutic antibody in buffer (gray) and a 10%
human serum matrix (red). Anti-hFc-HRP was
used as detection reagent, with fluorogenic
QuantaBlu substrate visualization.
CDR: Complementary-determining
region; Fab: Antigen-binding fragment;
mAb: Monoclonal antibody.

reagents for trastuzumab, rituximab CDR
mAbs and adalimumab CDR mAbs, in a
sandwich ELISA (Figure 4). Affimer proteins
were coated at 1 μg/ml and Fabs at 5 μg/
ml, to generate approximately equivalent
molar concentrations of capture reagent
(∼70 nM and 96 nM, respectively). An Fc
specific detection reagent, HRP-conjugated anti-human IgG (Fc) CH2 domain
antibody (anti-hFc-HRP), was used to
prevent cross-reactivity with the Fab and
the fluorogenic substrate QuantaBlu was
used for visualization. Using this detection
reagent, each Affimer capture reagent
achieved a broad dynamic range for target
detection with no clear sample matrix
effects observed in 10% human serum
(Figure 4A). The Fab capture reagents
displayed reduced dynamic ranges for the
detection of each target (Figure 4B). Greater
sample matrix effects were observed in
10% human serum with the anti-adalimumab Fab and particularly the antirituximab Fab, compared with the
equivalent Affimer binder (Figure 4B, ii &
iii). This reduces the dynamic range of the
Fab reagents still further in this assay
format and may lead to inaccurate analysis
in patient samples due to serum crossreactivity issues.
The anti-idiotypic Affimer reagents
therefore exhibit increased target specificity relative to the Fabs. A single capture
Affimer reagent offers such specificity that
a humanized therapeutic antibody can be
detected in a background of human IgGs
in serum, using a universal anti-human
FC (anti-hFc) detection antibody. The Fab
capture surface offers insufficient specificity for the use of a universal detection
www.BioTechniques.com
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Figure 5. Sandwich ELISA dose response curves using anti-hIgG Affimer as detection reagent with (A) anti-trastuzumab and (B) anti-rituximab CDR
mAb Affimer reagent capture surfaces. Therapeutic antibodies were detected in buffer (gray) and a 10% serum matrix (red). Visualization was with TMB
substrate read at 450 nm (minus 630 nm reference).

format; cross-reactivity leads to the
capture of serum hIgGs and their detection
by anti-hFc leads to matrix effects. This
issue is not inherent to antibodies, but a
sufficiently high-quality reagent would
need to be generated. Otherwise, in this
case a bridging assay format, using the
anti-idiotypic Fab as capture and detection
reagent, would be necessary to enhance
specificity. However, bridging assays often
require optimization of a low-capture reagent
coating density, to prevent bivalent binding
of the therapeutic antibody that precludes
binding of the anti-idiotypic detection
reagent [12]. The use of such low-capture
reagent concentrations leads to low sensitivities and high susceptibility to inconsistencies [12]. To avoid this, two different
anti-idiotypic reagents with non-overlapping
binding sites would need to be found, which
is very unlikely due to steric issues. Hence,
the universal detection format afforded by
the anti-idiotypic Affimer capture approach
is extremely desirable and less optimization
should be required from assay to assay.
Furthermore, the enhanced dynamic range
offered by the Affimer reagents reduces the
need for multiple dilutions and minimizes
repetition of measurements.

Universal Affimer detection reagent
Both anti-hIgG-HRP and anti-hFc-HRP
antibodies have been successfully used as
detection reagents, alongside anti-idiotypic
Affimer capture reagents. Further flexibility
Vol. 67 | No. 6 | © 2019 Darren Tomlinson
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in detection format was demonstrated by
the use of a universal anti-hIgG Affimer
detection reagent (Figure 5), giving an
Affimer-only assay format. The anti-hIgG
Affimer was biotinylated and pre-incubated
with streptavidin-HRP prior to detection and
visualization with TMB.
For detection of both trastuzumab and
rituximab CDR mAbs, minimal matrix effects
were observed in 10% serum (Figure 5) and
the dynamic ranges were comparable to
those obtained with anti-hIgG antibodies.
The intra-assay curve metrics for trastuzumab in 10% serum gave a quantifiable
range of 2–2000 ng/ml, with ≤18.0% CV
and 93.9–115% recovery. In 10% serum
rituximab CDR mAb had a quantifiable
range of 7.8–2000 ng/ml, with ≤17.7% CV
and 95.3–110.7% recovery. This again
demonstrates the excellent specificity of
the Affimer capture surfaces, allowing a
number of different universal detection
formats to be successfully employed, which
offers assay developers flexibility to suit
individual assay requirements. The Affimer
sandwich assay format obviates the need
for antibodies and each binding reagent
is an easily manufactured recombinant
protein. Furthermore, the detection reagent
is universal, so should be applicable across
assays, simplifying assay development and
reagent manufacture.
The generation of anti-idiotypic affinity
reagents against therapeutic mAbs
presents a particular challenge. In order to
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specifically recognize a humanized therapeutic antibody within the high background
of human IgGs present in serum, reagents
must be highly specific for the mAb
idiotype. Here we demonstrate Affimer
reagents to be easily selected and manufactured non-immunoglobulin reagents that
can address this challenge. Anti-idiotypic
Affimer reagents against trastuzumab and
CDR mAbs of rituximab, adalimumab and
ipilimumab therapeutic antibodies have
been identified and characterized. A simple
negative selection protocol successfully
drove binding towards the target idiotype,
generating highly specific Affimer binders
that display minimal matrix effects in 10%
human serum and no cross-reactivity
with nonspecific mAbs, without any need
for affinity maturation. Compared with
equivalent Fabs, the anti-idiotypic Affimer
capture surfaces offered such exquisite
specificity that a flexible universal detection
format (anti-hIgG antibody, anti-hFc
antibody or anti-hIgG Affimer) can be used,
avoiding bridging assays and simplifying
assay development. A sandwich ELISA
using anti-idiotypic Affimer capture and
universal anti-hIgG-HRP antibody detection
was developed within a 10% human serum
matrix. Calibration curves met the FDA
criteria for accuracy and precision over
favorable dynamic ranges in comparison
to Fabs and commercially available kits,
confirming the applicability of anti-idiotypic
Affimers to PK assays. The lot-to-lot consiswww.BioTechniques.com
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tency of the anti-trastuzumab Affimer was
also confirmed, giving assurance of supply.
Overall, it is clear that the Affimer platform
can be reliably used to develop anti-idiotypic
reagents for immunoassays, to measure
relevant concentrations of therapeutic mAbs
with suitable accuracy and precision metrics
for calibration curves. As well as being simple
to identify and easy to produce, the antiidiotypic Affimer reagents offer performance
improvements in terms of high specificity,
low matrix effects, broad dynamic ranges,
flexible universal detection formats and low
lot-to-lot variation. The fast reagent development time, ease of assay development and
assurance of supply make the highly specific
anti-idiotypic Affimers promising reagents to
meet the demands of clinical development
timelines and prevent delays, particularly in
the growing biosimilars arena, where speed
to market is essential. The development of
antibody therapeutics continues to expand
and anti-idiotypic Affimer reagents offer the
potential for critical partner PK assays.

FUTURE PERSPECTIVE

Increasing numbers of biologics entering
drug development and achieving regulatory
approval, combined with the rising rates of
patients suffering with chronic diseases,
ensures that critical reagents for pharmacokinetic studies will remain an essential
building block within the drug development
pipeline. Current pharmacokinetic assay
reagents can be costly to produce and
require long development times, which
hinder the drug development process. As
the technology driving non-immunoglobulin
alternatives to antibodies expands, bioanalysts will continue to explore both antibody
and non-antibody-based critical reagents
when establishing PK and therapeutic drug
monitoring assays. Reagent selection will
depend upon superior performance, delivery
speed and simple and cost-effective assay
design and development. We foresee that
these critical reagents may also have application in both drug monitoring and patient
selection in the future.
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We developed, optimized, and validated
Y-adapters for Ion Torrent sequencing,
which are neither commercially available
nor have been described elsewhere
before. These Y-adapters enable highly
efficient library preparation by (i) stickyend ligation and (ii) rendering both DNA
strands, hence theoretically up to 100%
of the input DNA strands are functional
for sequencing. Moreover, with low DNA
input, the portion of adapter dimers is
substantially reduced when using the
described Y-adapters.
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Library preparation is a crucial step in
next-generation sequencing workflows.
Key determinants of successful library
preparation are the available amount
of input DNA and the efficiency of the
conversion of this DNA into functional
library molecules. While the standard
blunt-end ligation protocol for Ion Torrent
libraries has a theoretical maximum
efficiency of 25%, Y-adapters enable
highly efficient library preparation by (i)
sticky-end ligation and (ii) rendering both
DNA strands functional for sequencing,
hence resulting in a theoretical efficiency
of up to 100%. Moreover, the generation
of adapter dimers is reduced. Therefore,
we designed, optimized and validated
Y-adapters compatible with Ion Torrent
sequencing. These facilitate higher
library yields combined with overall high
sequencing performance regarding the
key characteristics read-length, base
quality, and library complexity.
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High-throughput sequencing is widely
used for a variety of sequence-based
analyses in different fields [1–3]. Library
preparation represents a decisive step in
a sequencing workflow, and problems or
limitations at this point can jeopardize
the whole sequencing project as the
available input material may be limited.
Therefore, efficient conversion of genetic
material into a sequenceable library is
urgently necessary. Today, Illumina and
Ion Torrent instrument families are
dominating the market of second-generation sequencing platforms. Both
platforms differ in the two key features of
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clonal library amplification and sequence
detection [4,5]. Nevertheless, they share
some characteristics of the shotgun DNA
library preparation process: the necessity
of DNA fragmentation to a defined fragment
size range followed by fragment end
polishing and the addition of platformspecific adapters by ligation [6]. In both
cases, each library fragment needs to have
specific sequence features at the 5′- and
the 3′-ends, respectively, in order to be
functional (Figure 1). In a generic Ion
Torrent library preparation workflow, two
different linear adapters (A and P1) are
ligated onto the DNA fragments in order to
incorporate the necessary functionalities
for sequencing. In these A-P1 libraries,
where A and P1 represent the two different
linear adapters, statistically only 50% of the
ligated sequence fragments carry the
combination of A and P1 adapter that is
obligatory for sequencing (A-P1). As a
result, the sequence information stored in
the other half of ligated fragments carrying
identical adapters on both ends (A-A or
P1-P1) is lost. In addition, only 25% of the
total input DNA strands are sequenceable
overall, since only one strand of the
functional fragments (A-P1) will be clonally
amplified. By contrast, generic sequencing
on Illumina platforms is based on so-called
Y-adapters. The advantage of these
Y-shaped adapters is that one adapter
comprises the necessary functionalities
for both the 5′- and the 3′-ends. After
ligation of this adapter to both fragment
ends, both DNA strands are available for
sequencing, yielding a higher proportion
of functional molecules (up to 100% of the
DNA strands). In addition, the Y-adapters
are ligated in a sticky-end fashion, with a
nontemplated A-overhang at the 3′-ends
of the DNA fragments in combination with
a T-overhang of the adapters. The higher
efficiency of A-T cloning compared with
blunt-end ligation has been shown
before [7]. Hence, the conversion of DNA
fragments into library molecules is
www.BioTechniques.com
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enhanced due to the advantages of ligating
only one adapter together with the benefit
of sticky-end ligation. Additionally, adapter
dimer formation is significantly reduced
compared with blunt-end ligation. Adapter
dimers are undesirable, since they are
quantified as part of the functional library
and equally sequenced, although no information of the sample is included, thereby
wasting sequencing capacity [8].
While for the Illumina platforms
Y-adapters are the standard (as was the case
for the discontinued 454 platform), there are
no such adapters commercially available for
the Ion Torrent platforms. Therefore, in order
to take advantage of the enhanced library
preparation enabled by the application of
Y-adapters, here we set out to design and
validate custom Y-adapters compatible with
Ion Torrent platforms. Overall, the available
information regarding the design of such
adapters is scarce. To our knowledge, only
one approach on the development and implementation of Y-adapters has been published,
thereby focusing on adapters for the Roche
454 Titanium platform [9]. While a stepby-step library preparation workflow was
provided, no detailed comparative analyses
regarding adapter design, ligation efficiency
and sequencing parameters were included.
Therefore, we investigated the influence of
different parameters such as length and
melting temperature of the double-stranded

part as well as the number and distribution
of phosphorothioate (PT) bonds in order to
yield an optimal design. The functionality and
performance of the adapters was assessed
based on qPCR quantification of the libraries,
sequence output, read length, and quality of
the generated reads, as well as complexity
of the obtained datasets, and compared with
commercially available linear adapters.

MATERIALS & METHODS
Preparation of Y-adapters

HPLC-purified or NGS-grade oligonucleotides (Supplementary Table S1) were
ordered at metabion (Planegg/Steinkirchen,
Germany) and dissolved in oligo buffer (1×
TE, pH 8.0, 50 mM NaCl) at a concentration
of 100 μM. For the assessment of different
determinants of the Y-adapter performance,
experiments were conducted with differing
lengths of double-stranded regions, inosine
nucleotides for shift in melting temperature
and PT bonds at varying positions. For
hybridization of the Y-adapter, 25 μl of the
100-μM stock solutions of the top and the
matching bottom oligonucleotide were
combined and filled with oligo buffer to a
final volume of 100 μl to yield 25-μM
adapters. The temperature profile for hybridization of the two oligonucleotides was as
follows [10]: 95°C for 1 min, followed by
decreasing the temperature by 0.1°C per
second to the 15°C final temperature,

T

Fragmentation
Sticky-end ligation

followed by an unlimited hold at 14°C. Finally,
adapters were aliquoted and stored at −20°C
for further use.

Library preparation & sequencing
The workflow from sample to sequencing
was performed according to the previously
published detailed protocol [11], except for
library preparation. In summary, DNA was
extracted from overnight Escherichia coli
DH10B cultures and mongoose tissue using
a QIAamp DNA Mini Kit (Qiagen, Hilden,
Germany) and from a tick cell line using the
High Pure PCR Template Preparation Kit
(Roche, Mannheim, Germany). Where not
specified otherwise, 200–500 ng DNA was
used as input material and fragmented with
a Covaris M220 Focused-ultrasonicator™
(Covaris, Brighton, UK), aiming for a fragment
size of 500–600 bp. For library preparation
with Y-adapters, the GeneRead DNA Library
I Core Kit (Qiagen) was deployed, in contrast
to the established protocol. Following end
repair and A-addition as per the manufacturer’s instructions, 1 μl of 25 μM custom
Y-adapter was used for adapter ligation. For
comparison with commercial standard Ion
Torrent adapters, library preparation was
conducted in parallel, employing the
GeneRead DNA Library L Core Kit (Qiagen)
on the same batch of fragmented DNA
according to the manufacturer’s instructions, using each 1 μl barcoded adapter and

Y-adapter

End repair
A-addition
adapter ligation

T
A

A
T

Y-Y

Library preparation
Blunt-end ligation
Purification and size selection

Quantification

A-P1
P1-A
A-A
P1-P1

End repair
adapter ligation

Linear adapters
A and P1

+ Adapter dimer formation

Sequencing

Figure 1. General overview of a generic library preparation workflow with the different concepts of sticky- and blunt-end ligation employing Y-adapters
and linear adapters, respectively. Y-adapters are ligated in a sticky-end fashion to the fragment, thereby yielding library molecules, of which both
strands fulfill the prerequisites for sequencing. By contrast, two different linear adapters that are ligated in a blunt-end mechanism beside the
functional library molecule (A-P1) also create nonsequenceable molecules as byproducts (A-A, P1-P1), resulting in lower conversion of sample DNA to
functional library. Additionally, blunt-end ligation increases the chances for the formation of unwanted adapter dimers and input fragment concatemers.
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P1 adapter (Ion Xpress™ Barcode Adapters,
Thermo Fisher Scientific, Darmstadt,
Germany). Subsequently, the libraries were
purified using 1.8 volumes AMPure XP
magnetic beads (Beckman Coulter, Krefeld,
Germany) according to the manufacturer’s
instructions. Finally, the library was eluted
twice with 50 μl DNase-free water for a total
of 100 μl purified library. In the experiments
with low DNA input, one fifth of the purified
library was retained for subsequent library
analysis. Size exclusion was performed with
AMPure XP magnetic beads in two steps for
a final fragment size distribution of
500–600 bp according to Wylezich and
colleagues [11]. After quality control (QC)
with an Agilent High Sensitivity DNA Chip on
a Bioanalyzer 2100 (both Agilent Technologies, Waldbronn, Germany), the libraries
were quantified using KAPA Library Quantification Kit for Ion Torrent platforms (Roche)
according to the manufacturer’s instructions. After the PCR had finished, a melting
curve analysis was performed to distinguish
between library and adapter dimer
molecules. Sequencing performance of
Y-adapter libraries was tested and validated
on an Ion Torrent PGM or an Ion S5 XL
sequencer (Thermo Fisher Scientific). All
steps for template preparation and
sequencing were done as per the manufacturer’s instructions, except for an additional
denaturation of the library pool at 96°C for
2 min, followed by immediate cooling on ice
right before the addition of the library pool
to the emulsion PCR reaction. This denaturation of the library pool is necessary because
both strands can serve as template
molecules and will otherwise lead to
polyclonal reads.

Data analysis
For a rough estimation of the melting point
of the Y-adapters’ double-stranded region,
the software MELTING v5.2.0 [12] was used.
This software was chosen as it considers
the influence of suboptimal base pairing
through inosine nucleotides. Specified
parameters comprised the salt and oligonucleotide concentrations (50 mM Na+,
10 mM Tris+, 25 μM each oligonucleotide) as
present in the buffer used for hybridization
of the two oligonucleotides. For reliable
comparison of sequencing data, an
additional trimming was conducted after the
trimming already performed by the Ion
Vol. 67 | No. 5 | © 2019 Friedrich-Loeffler-Institut
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Figure 2. Schematic architecture of a custom Y-adapter comprising the necessary structural
elements for Ion Torrent sequencing.

Torrent Software Suite, since the 3′ adapter shorter than 310 nt were removed, resulting
extensions of the sequences occurring with in 342,715 reads corresponding to 1,370,860
custom sequences were not trimmed by the bases in the analyzed datasets.
Ion Torrent Software Suite. To this end, Trim
Galore v. 0.4.3 at Galaxy Europe [13] was RESULTS & DISCUSSION
used for 3′ Y-adapter and quality trimming In general, Y-adapters are composed of two
(additional command line parameters: -e 0.1 oligonucleotides (hereinafter named top
-q 20 -O 3, with
sequences shorter
than 50 nt removed).
Fo r th e q uali t y
assessment of the
generated sequence
data, FastQC [14] and
qrqc [15] with R-Studio
( Version 1.1.456;
RStudio, Inc. [16]) and
R (Version 3.5.1; R
Core Team [17]) were
used. Consistent
anal ysis of th e
sequence quality was
ensured by bringing
the datasets to a
uniform sequencing
read length and
amount. To this end,
the 15 nt always exhibiting a deviating per
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Figure 3. Summary of construction and
results obtained with the initial Y-adapters.
(A) Initial design of the stem regions with
three different barcodes (BC-042, 043, 044)
and two variants each of the stem length. The
bar plot shows the library yield (upper x-axis),
with 500 ng Escherichia coli DNA input for each
of the designs; mean and standard deviation
were calculated from three dilutions used
in qPCR quantification. ×: Melting temperature (lower x-axis) of the respective stem.
(B) Size distribution of the generated libraries
as determined by Bioanalyzer high-sensitivity
DNA analysis. (C) Read length histogram of
sequencing results of equimolar pools of the
long and short adapters in one run each, respectively. For comparison, please see Figure 7B
showing the expected size distributions.
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and bottom oligo) that include a mutual
complementary region forming a doublestranded region in the final adapters.
Additionally, each oligonucleotide comprises
a noncomplementary part representing
unique 3′ and 5′ features. This design results
in the Y-shaped structure of a ready-to-use
adapter (Figure 2).
We used the information available for
established Y-adapters for Roche/454
sequencing [10] as a starting point for the
initial design of our Y-adapters for Ion Torrent
platforms. Importantly, the sequence of the
barcoded oligonucleotide of the commercial
Ion Xpress™ Barcode is identical with the
top oligo in order to conserve all necessary
functionalities and to avoid sequencing
interference (Figure 2).
The functionalities encompass the
priming sites for clonal amplification and
sequencing, as well as the sequence key
used for the recognition of library molecules
and signal normalization, and the barcode
with the barcode end signal (the bases GAT).
The T nucleotide forms the overhang required
for sticky-end ligation. The bottom oligo
comprises information of the P1 adapter,
which is the primer binding site for the clonal
amplification, and is 5′-phosphorylated to
promote ligation to the library fragment.
The original P1 adapter also contains an
extension for probe binding for optional
library quantification by probe-based qPCR
that is not included in our design. Since the
described regions must be unaltered to
ensure full functionality of the adapter for
amplification and sequencing, the necessary
double-stranded region, also called ‘stem’,
can only be formed by the barcode and the
immediately adjacent regions.
In the initial experiments, two adapter
variants analogous to the 454 Y-adapter
design were tested, mainly differing in
the stem length (20–22 bp and 16–18 bp)
and used barcode (Figure 3A). In the long
variant, barcode (including end signal), key
and additional four base pairs upstream of
the barcode formed the stem, while in the
short variant only the barcode (including
end signal) and key were complementary.
The simple fusion of the 454 structural
elements and Ion Torrent sequences to
meet requirements for sequencing delivered
varying results in library yield as quantified
by KAPA-PCR (Figure 3A). By contrast, the
traces of the high-sensitivity DNA electro-
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Figure 4. Influence of the stem melting temperature on library yield. Design of the stem regions with
three different barcodes and varying numbers of inosine nucleotides (bold). Input: 250 ng of cell
culture DNA. The barplot shows the library yield (upper x-axis) for each of the designs, mean and
standard deviation were calculated from three dilutions used in qPCR quantification.
×: Melting temperature (lower x-axis) of the respective stem.
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Figure 5. Influence of phosphorothioate bonds on library yield. Design of the top oligonucleotides
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Libraries were prepared from 500 ng fragmented Escherichia coli DNA in two independent experiments. The bar plot shows the library yield for each of the designs; mean and standard deviation
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phoresis showed a uniform size distribution
for all six libraries with a peak at 600 bp
(Figure 3B). After equimolar pooling of the
libraries containing the short/long adapter
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versions in one run each, the sequencing
results of single libraries did not fit the
expectation of the read-length distribution
(compare Figure 7B) and comparable read
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amounts, indicating suboptimal adapter
design (Figure 3C). This knowledge gained
from the initial experiments served as a
starting point for testing of varied adapters for
identification of critical characteristics. For a
comparable performance regarding the read
length and quality, the melting temperature
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and the inclusion of PT bonds protecting the
adapters from degradation were necessary.

Narrow optimum range of Tm

The initial experiments showed that the
library yield was highest using the adapter
with the shortest barcode of 10 bp in combi-
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nation with an overall short complementary
region (see Figure 3). This implied that the
Tm of the stem region was an important
determinant of the functionality of the
adapter. The melting point can be adjusted
by (i) the length of the complementary
double-stranded region and (ii) the inclusion
of inosine nucleotides. Hypoxanthin, the
nucleobase of inosine, can pair with any
natural DNA base; however, the pairing is
favored with cytosine, corresponding to the
highest stability [18]. To test for the impact
of the Tm, we analyzed the consequences
of the substitution of one or more bases by
inosines. As shown in Figure 4, the reduction
of the Tm of the Y-adapter with barcode 44
(BC-044) approximately doubled the performance when reducing Tm to 64°C but still
did not reach the performance of adapters
with lower Tm. On the other hand, the
inclusion of one or two inosine bases into
BC-042 reduced both the Tm (from 49°C to
34°C) and the performance by approximately 70%. Likewise, in case of BC-009,
the reduction of Tm by inclusion of inosines
reduced the performance of library preparation. The available data suggest the
existence of a temperature optimum
between approximately 45°C and 55°C
(Figure 4).

Phoshorothioate bonds are
necessary at specific sites
Phoshorothioate (PT) bonds prevent degradation by endo- and exonucleases through
the substitution of a nonbridging oxygen
atom for a sulphur atom in the internucleotide
linkage [19,20]. PT bonds are usually present
in sequencing library adapters to prevent
adapter and library decomposition. Interestingly, the position of the PT bonds varies:
while in Roche 454 adapter oligonucleotides
both ends each contained four PT bonds, Ion
Torrent adapters have two PT bonds in the
middle of the adapter at the end position of
the shorter strand. Therefore, we determined
if, how many, and at which sites PT bonds are
necessary for optimal library yield and
sequencing performance. To this end, we
used optimized adapters with a short doublestranded region from previous experiments
and included PTs at the end and parting
positions of the two adapter strands
(Figure 5). The results of library quantification
(Figure 5 & Supplementary Figure S1) clearly
underline the necessity of at least one PT
www.BioTechniques.com
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bond at the ends of the adapter oligonucleotides. However, the library yield regarding
the presence of one, two, three and four PT
bonds was comparable. The PT bonds are
likely preventing primer site degradation and
enzymatic cleavage of the adapter’s T
overhang, which in consequence would
obstruct sticky end ligation to the A-tailed
library fragments. While the PT bonds in the
termini of the adapter oligonucleotides had
a significant impact, the internal PT bonds
resulted in no beneficial effect. An additional
protective effect could not be observed in
combination with the terminal PT bonds, nor
could any protection at all be seen in the case
of internal PT bonds alone (Figure 5).

Y-adapters result in reduced
adapter-dimer formation
In cases of limited sample material, efficient
conversion of sample to library is crucial.
Therefore, we compared the library yield at
low input amounts of 2, 10 and 50 ng
(Figure 6A). Additionally, we quantified the
formation of adapter dimers without any
input DNA in the library preparation. The
Y-adapter dimer formation is substantially
reduced in comparison to standard
adapters. At 2 ng input into library preparation, the quantification implies comparable library yield with Y- and standard
adapters. However, the library yield in the
standard adapter library is overestimated
due to adapter-dimer formation, which is
noticeable in the melting curve of the
quantification PCR (Figure 6B). The adapter
dimers, perceived as library molecules in
the quantification, occupy sequencing
capacities during a run without providing
template information and are therefore
undesirable. At 10 ng input DNA, Y-adapter
libraries already have higher concentrations, although the presence of adapter
dimers can still be identified in the melting
curve of standard adapter libraries
(Figure 6B). At 50 ng input DNA, the
enhanced library yield caused by sticky-end
ligation of Y-adapters is clearly visible
(Figure 6A) and potential adapter dimers
are no longer observable in the melting
curves (Supplementary Figure S2).

Y-adapters enable
uniform ligation efficiency
Since the library preparation represents a
decisive step in a sequencing workflow,
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adapters are required to function reliably
and comparably in independent preparations. Pooling (multiplexing) of different
samples in one sequencing run calls for a
batch of adapters performing comparably
well. For verification of uniform performance of the developed Y-adapters, eight
adapters with different barcodes were
manufactured based on obtained
knowledge of melting temperature and PT
bond requirements obtained from the
previous experiments. The performances
were compared regarding efficiency in
library preparation and functionality in
sequencing. The same fragmented E. coli
DNA served as input material for all library
preparations. Overall, we observed high
library yields for seven out of eight adapters
used (Figure 7A). However, sticky-end
ligation to adapter carrying barcode 70
(BC-070) resulted in significantly less
library, demonstrating the need for evaluation of Y-adapter performance before their
routine use in a production environment.
Despite the lower efficiency of the BC-070
adapter in library preparation, all libraries
performed equally well when sequenced
multiplexed in one full Ion S5 sequencing
run. Sequencing of this equimolar library
pool produced equal read amounts for all
libraries, including BC-070. The key signal
was strong and the read length distribution
as expected on basis of the library size.

Y-adapters equal sequencing performance of commercial linear adapters
The highest library yields are meaningless if
the ligated adapters do not perform well in
sequencing. For comparison, the same
fragmented E. coli DNA was ligated to three
commercial adapters and three custom
Y-adapters. The achieved library yields ranged
between 211 and 288 pM for ligation with
linear adapters and 399 and 442 pM for
ligation with Y-adapters, respectively.
Sequencing was performed in one Ion S5 run
and resulted in overall tantamount read
lengths for all libraries (Figure 7B). For direct
comparison of sequencing quality, the reads
were trimmed to the same length to subtract
template-independent decay of the read
quality towards the ends. This trimming
provided an equal amount of bases, which
showed a comparable quality distribution for
standard and Y-adapters (Figure 7C). The
percentage of sequences remaining after
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deduplication varied between 90.5 and 93.0%
for standard adapters, and between 91.2 and
91.9% for Y-adapters, as determined by
FastQC. In consequence, Y-adapters truly
enable higher library yields at constant
complexity levels, an advantage in comparison
with library amplification that generates
higher quantity at the cost of reduced library
complexity and increased bias [21,22].

Evaluation on field samples
The Y-adapter ligation efficiency was
compared on samples for diagnostic
metagenomic analyses, with different
samples combined with varying amounts
of DNA input (Figure 8). Thereof, libraries
for sequencing on Ion Torrent platforms
were prepared using the blunt end ligation
with linear adapters in comparison to sticky
end ligation with custom Y-adapters. The
results clearly show that the Y-adapters
resulted in a more than twofold higher
library concentration at the same input.
This observation is independent of the
amount of starting material. Additionally,
the custom Y-adapters were successfully
applied in the discovery of a novel picornavirus in an open diagnostic metagenomics
approach on a case series of diseased
lambs [23]. In this example of one possible
application, extracted RNA was reverse
transcribed into cDNA, which after fragmentation served as input for library preparation.
In summary, we developed and validated
Y-adapters for Ion Torrent sequencing, which
are neither commercially available nor have
been described elsewhere before. Y-adapters
enable more efficient library preparation
by (i) sticky-end ligation and (ii) rendering
both DNA strands functional for sequencing.
The described Y-adapters enable higher
library yields in comparison to standard Ion
Torrent adapters. Moreover, the generation
of adapter dimers that reduce sequencing
output is minimized. With regard to the key
performance characteristics (read-length,
base quality, library complexity), libraries
generated using our presented Y-adapters
equal those of Ion Torrent standard libraries.
Due to the higher possible library yield,
the Y-adapters truly enable an efficient
conversion of sample to functional library
molecules and therefore enable omitting
library amplification. Moreover, the herein
described information builds a basis for
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other researchers in the broad applications
of high-throughput sequencing to enhance
their library yield by designing their own
custom Y-adapters compatible with Ion
Torrent platforms. Manufacturing custom
adapters drastically reduces the adapter
cost per library. In addition, the presented
Y-adapters may be of interest to research
groups performing sequencing on both
Ion Torrent and Illumina platforms, since
it facilitates a unified, amplification-free,
automatable protocol for Illumina and Ion
Torrent library preparation only differing in
the sequences of the added adapters.
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Benchmarks
Optimized transformation, overexpression and
purification of S100A10
Xiaolin Yan1,2, Marie-France Lebel-Beaucage3, Samuel Tremblay1,2, Line Cantin1,2, Gary S Shaw4 & Elodie Boisselier*,1,2

ABSTRACT
As a member of the S100 protein family,
S100A10, has already been purified.
However, its purity, or even yield, have
often not beenreported in the literature.
To facilitate future biophysical experiments with S100A10, we aimed to
obtain it at a purity of at least 95% in a
reasonably large amount. Here, we report
optimized conditions for the transformation, overexpression and purification
of the protein. We obtained a purity of
97% and performed stability studies by
circular dichroism. Our data confirmed
that the S100A10 obtained is suitable for
experiments to be performed at room
temperature up to several days.

METHOD SUMMARY
The GST-S100A10 gene carried by the
pGEX-6P-1 vector was overexpressed in
transformed Escherichia coli and purified
by glutathione S-transferase (GST)
affinity chromatography. The GST tag
was cleaved by PreScission protease,
excess glutathione was removed by
centrifugal filtration and buffer exchange
and the GST tag removed by a second
GST affinity chromatography. S100A10
was identified by LC/MS-MS and the
stability of the secondary structure
was analyzed by circular dichroism at
different temperatures.
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S100A10 is of great interest because it has
different functions using different mechanisms of action [1–3]. For example, S100A10
forms a ternary complex with annexin A2
and AHNAK to act as a platform enabling
membrane repair [4]. In addition, the protein
forms a heterotetramer with annexin A2 to
regulate exocytosis and endocytosis [5]. In
addition to its crucial role in breast,
stomach and kidney cancer research,
S100A10 represents a potential biomolecular marker for early gallbladder cancer
diagnostic and therapeutic applications [6].
The purification of a given protein is an
essential prerequisite for any biophysical or
biochemical study. In the case of S100A10,
the retrieved purification publications
reported neither yield data nor solubilized
protein amounts [4,7–15]. Among these
publications, one mentioned a purity degree
of S100A10 greater than 90% [15] and the
other reported 95% [14], but without any
specific supporting data. In this work, we
address purity and yield in a clear and
comprehensive way, aiming for a purity
higher than 95% and a sufficient amount
of S100A10 to carry out biophysical studies.
Based on previous experimental conditions with the same expression host, we
implemented modifications at each step to
optimize the published protocol.
The plasmid used for transformation
is a pGEX-6P-1 vector containing the
GST-S100A10 coding sequence. Five
additional amino acids, GPLGS, were added
at the beginning of the native S100A10
sequence, initially composed of 97 amino
acids. We used 50 ng of the plasmid for
transformation into 100 μl of commercial
Escherichia coli BL21-Codon Plus (DE3)-RIL
competent cells (Agilent Technologies,
Inc., CA, USA) in a 900-μl transformation
cell culture medium. After a heat pulse at
42°C, the bacteria cell culture was incubated
at 37°C, 250 rpm for 1 h.
Initially, the heat pulse was set for
20 s, and we tested two different transformation cell culture media, Luria-Bertan
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(LB) and super optimal broth with catabolite repression (SOC). The culture with LB
medium produced no colonies. The richer
medium, SOC, appeared to be appropriate
and should be used for transformation
of E. coli BL21-Codon Plus (DE3)-RIL
competent cells. We also tested different
heat pulse durations using the SOC medium
and found that 15 s, 20 s and 30 s produced
608, 700 and 395 colonies, respectively
(Figure 1A). While the 20-s heat pulse leads
to the most colonies, 30 s would be suitable
if a single individualized colony is needed
from the agar plate.
After 1 h of incubation, 100 μl of bacteria
cell culture was spread on a LB ampicillin
agar plate. Triplicate samples were incubated
at 37°C overnight. Three colonies were
chosen from each bacteria preculture, each
were incubated in a 4 ml of 2 Yeast Extract
Tryptone (2YT) ampicillin medium at 37°C
and 250 rpm overnight. The colonies were
then subjected to two conditions, with and
without induction, leading to six different
cell cultures. For each, 200 μl of preculture
was pooled into 50 ml of LB ampicillin
medium, incubated at 37°C and 250 rpm
until an optical density of 600 nm (OD600 nm)
of 0.6 to 0.8. Overexpression was initiated by
the addition of 0.5 ml of 100 mM isopropyl
β- D -1-thiogalactopyranoside. After 4 h of
incubation at 37°C and 250 rpm, each cell
culture was centrifuged at 3270×g and 4°C
for 30 min. The cell pellet was subjected to
lysozyme in phosphate-buffered saline (PBS;
1×), followed by three cycles of freeze–thaw
and sonication. Lysed cells were centrifuged
at 15,000×g and 4°C for 30 min, supernatants
and cell pellets were suspended into PBS (1×)
and compared on 12% SDS-PAGE.
The induction of overexpression at 37°C
for 4 h was initiated once the OD600 nm reached
0.6, 0.7 or 0.8. The highest proportion of
GST-S100A10 overexpressed in the supernatant (48%) was obtained at OD600 nm = 0.8
(Figure 1B). Also, the total amount of
GST-S100A10 overexpressed in this condition
is higher than in the two other cases
www.BioTechniques.com
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Figure 1. Transformation and overexpression results. (A) Transformation results in a super optimal broth with catabolite repression medium at different
heat pulse durations. (B) Percentage of GST-S100A10 overexpressed at 37°C in the supernatant with OD600 nm = 0.6, 0.7 and 0.8; 100% = total overexpressed GST-S100A10 at different conditions. (C) Percentage of total GST-S100A10 overexpressed at 37°C and OD600 nm = 0.6, 0.7 and 0.8; 100% = total
overexpressed GST-S100A10 at 37°C and OD 600 nm = 0.6. (D) Percentage of GST-S100A10 in the supernatant overexpressed at OD600 nm = 0.8 and 37°C, 21°C
and 18°C; 100% = total overexpressed GST-S100A10 at different conditions. (E) Percentage of total GST-S100A10 overexpressed at OD600 nm = 0.8 and 37°C,
21°C and 18°C, 100% = total overexpressed GST-S100A10 at 37°C and OD600 nm = 0.8.

(Figure 1C). Indeed, starting the induction
with IPTG at OD600 nm = 0.8 allows the largest
amount of soluble GST-S100A10 to be obtained.
In parallel, at OD600 nm = 0.8, the induction
of overexpression was started at either 21 or
18°C for 16 h. Similar results were obtained
at 21°C (52%), 18°C (49%) and 37°C (48%)
(Figure 1D). However, the total amount of
GST-S100A10 overexpressed at 21 and 18°C
was higher than at 37°C (Figure 1E). These
results show that a lower temperature favors
solubility, probably due to a better recombinant protein structure formation [16].
All precultures showing overexpression
of GST-S100A10 were aliquoted in a glycerol
solution and frozen at −80°C.
GST-S100A10 from bacterial supernatant was first purified using GST
affinity chromatography at 4°C. Eluted
fractions were collected and deposited
on 12% SDS-PAGE. Fractions containing
GST-S100A10 were mixed together, and the
buffer was exchanged with centrifugal
Vol. 67 | No. 5 | © 2019 Elodie Boisselier
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filtration before cleaving the GST. One
buffer exchange was tested directly with
PreScission protease (PSP) cleavage buffer,
and another with a pH 9.5 Tris and NaCl
buffer followed by PSP cleavage buffer.
After the 2-h cleavage at 4°C, S100A10 was
purified using different chromatographic
conditions: either i) a second and a third
GST affinity chromatography; ii) a second
GST affinity chromatography and a third
ion-exchange chromatography; or iii) only a
second GST affinity chromatography. Eluted
fractions were collected and verified on
17% SDS-PAGE (Figure 2A), and the protein
purity was analyzed with ImageJ. The
highest purity (97%) was obtained using
the buffer-exchange centrifugal filtration
with a pH 9.5 Tris and NaCl buffer and
PSP cleavage buffer, followed by a second
affinity chromatography. Indeed, a pH
higher than 8 inhibits the binding of reduced
glutathione to GST, while NaCl increases the
ionic strength of the solution to weaken the
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ionic binding between the proteins (instructions 71-5016-96 AM – GSTrap™ FF, 1 ml
and 5 ml). These conditions help to remove
most of the reduced glutathione during
centrifugal filtration, and GST is captured
successfully by the second-affinity chromatography. This method also exhibits a
relatively high yield of 12.8-mg S100A10 per
liter of bacteria culture, which was determined by UV-visible spectroscopy.
The SDS-PAGE gel containing S100A10
was analyzed by LC/MS-MS (Proteomics
Platform, Centre de Recherche du CHU
de Québec, QC, Canada). It was identified
as S100A10 with a 100% probability.
Purified protein samples were kept at four
different temperatures: 4, 20, -20 or -80°C.
Protein stability was analyzed by circular
dichroism at 4°C in triplicate at day 0, 1, 2,
7, 15, 30 and 60. The different temperatures
on different days were all compared with
day 0, until day 60 (Figure 2B). No significant difference in the samples’ spectra
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Figure 2. (A) S100A10 purification on 17% SDS-PAGE: i) after a buffer exchange with PreScission protease (PSP) cleavage buffer, then with a second
GST affinity chromatography, and a third GST affinity chromatography, ii) after a buffer exchange with PSP cleavage buffer, then with a second GST
affinity chromatography, and a third ion-exchange chromatography, or iii) after a buffer exchange and a second GST affinity chromatography. (B)
Analysis of stability: circular dichroism spectra of S100A10 stored at different temperatures for 60 days compared with spectra at 4°C on day 0.

was noted, demonstrating the stability
of S100A10 at all temperatures tested.
Therefore, the protein can be stored for
at least 60 days, allowing researchers to
perform biophysical experiments at room
temperature.

FUTURE PERSPECTIVE

The obtention of purified S100A10 protein
will allow for future biophysical studies, in
particular those aiming to describe its
membrane binding. Conditions to modify
its binding or leading to its loss of function
can be investigated. These studies will
contribute to determining the role of
S100A10 in membrane repair and possibly
additional functions.
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Improvement of multiplex semi-nested PCR system
for screening of rare mutations by high-throughput
sequencing
Yingchun Zhang1,2, Xu Chi4, Laibao Feng1,3, Xingwen Wu1,2 & Xiaoquan Qi*,1,2

ABSTRACT
The CRISPR/Cas9 system is an efficient
gene-editing method, but it is difficult to
obtain mutants for some specific species
and special genome structures. A previously reported multiplexed, semi-nested
PCR target-enrichment approach, which
does not rely on transgenic technology,
has been shown to be an effective and
affordable strategy for the discovery of rare
mutations in a large sodium azide-induced
rice population. However, this strategy has
the potential for further optimization. Here,
we describe an improved multiplex seminested PCR target-enrichment strategy with
simplified processing procedures, reduced
false-positive rates and increased mutation
detection frequency (1 mutation/73 Kb).

METHOD SUMMARY
Here we demonstrate that the purification
of PCR products using a dilution strategy
provides a cost-effective and simple
processing procedure for the multiplex
semi-nested PCR target-enrichment
strategy. The improved platform has halved
the processing time and saves up to 66% on
sample preparation costs compared with
previously reported protocols.
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Creating mutant materials is an essential
step for studying gene function, and
making a large number of useful mutants
is beneficial for scientists. This is particularly true in the case of routinely established loss-of-function mutations, which
enable the selection of beneficial traits
and phenotypes that can assist breeding
and the characterization of gene
functions in plants and animals. Several
technologies, such as map-based
cloning [1,2], map-based sequencing [3],
T-DNA insertion, RNA interference,
TALENs [4] and CRISPR/cas9 [5–8], have
been applied in plant functional
genomics research. In 2000, targeting
induced local lesions in genomes
(TILLING) was first proposed as a
reverse genetic approach to identify
mutations in a mutated population of
Arabidopsis thaliana [9]. It does not rely
on transgenic technology and has been
widely applied for target gene functional
analysis in major crops [10–15]. Although
the CRISPR/cas9 system has rapidly
developed to achieve site/gene-specific
mutation, it has been a challenge to
obtain mutants for some species and
special genome structures. This is
further hampered by off-target effects
when applied to engineered nuclease
research, biotechnology and medical
research [16]. Therefore, TILLING is still
a competitive approach for the generation of mutants.
In 2014, the strategy of discovering
rare mutations was improved, which
combined multiplexed semi-nested PCR
enrichment with NGS library construction
for sequencing target amplicons in extensively pooled DNA samples. The approach
not only decreases the number of PCR
cycles, which reduces point mutations
during amplification, but also enables
enriching multiple targets efficiently and
specifically. The detailed characteristics
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of this strategy have been described by
Chi et al. [17]:
1. The 12-plex PCR reduces the
complexity of experimental processes,
saving much of the cost of labor and
time;
2. Multiplex semi-nested PCR improves
specificity of amplification;
3. Application of a tridimensional pooling
(8 × 8 × 8), which sequenced 24 bulked
samples including 512 screened
individuals within each 3D pool;
4. It was particularly well suited to enrich
target exon sequences of genes with
many introns;
5. It was suitable for high accuracy of the
approach of NGS library.
This strategy has been applied to screen
rare mutations in a large chemical-induced
mutant rice population (M2) and detect rare
disease mutations in a large human
population. It can confirm the results of
genome-wide association studies (GWAS)
and exome sequencing. However, some
problems remain to be solved in the
multiplex semi-nested PCR approach:
1. The enriched DNA fragment length
was determined by the shortest amplification fragments of the tridimensional (X, Y and Z) pools. Although
the expected average length of target
enrichment was about 500 bp, the
detected average length was only
146 bp in the previous study;
2. Experimental processes were relatively
complicated and required three rounds
of PCR, including column purification
of the first two rounds of PCR products
and gel purification of the third-round
PCR products;
3. A large mass (around a total of 2.5 μg
of rice genomic DNA) of genomic DNA
of 3D pooling and DNA fragments of
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Figure 1. Strategy to improve the semi-nested PCR-based multiple target enrichment method. (A) Preparation of adapter libraries; each library includes
24 bulked DNA samples from a 3D (8 × 8 × 8) pool containing 512 DNA samples. (B) Target preparation. The first-round PCR was amplified by a targetspecific forward primer and an adapter-derived reverse primer. The first-round PCR products were diluted 50-fold in ddH2O, to be used as the template
for the second-round PCR. The second-round PCR was amplified by a target-specific nested primer and a nested adapter-derived reverse primer. A total
of 48 of the second-round PCR products were equimolarly mixed into one sample followed by agarose gel purification. Subsequently, NGS-compatible
forward and reverse primers were used for the third-round PCR. (C) Sequencing and data analysis. All amplicons from the entire library were mixed and
sequenced (by the Illumina Hiseq 2500 platform), and overlapping 250 bp paired-end sequences were generated. Data were analyzed by a stepwise
filtering procedure in a single pool of 512 DNA samples. Finally, the candidate mutants were confirmed by Sanger sequencing.

adaptor ligation (about 1 μg) was required
for the entire experiment;
4. To achieve high-quality NGS sample
preparation, a substantial amount
of amplification products (each PCR
requires 90 μl reaction solutions) was
required in the first two rounds of PCR;
5. Massive amounts of purified products
of the second PCR (144 of the second
PCR samples) were equimolarly mixed
into one sample followed by agarose gel
purification.
To solve these problems, we first
simplified the experimental processes
and reduced the amount of adaptorVol. 67 | No. 6 | © 2019 Xiaoquan Qi
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ligated templates (Figure 1). The spin
column was replaced by dilution during
purification of the first PCR products and
the 50-μl PCR reaction system was
replaced by 10 μl in target preparation.
Then, we set different gradients of three
factors: PCR reaction volume, dilution
gradient of the primer concentration, and
the concentration of adaptor-ligated
template in the first round of PCR reaction.
There was little difference between the
amplification pattern when using spin
columns or dilution, which indicated that
it was feasible to replace spin column
purification with dilution. The dilution
gradients of the first PCR products were
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set as 25, 50 and 100 times. The gradients
of the primer concentrations of ITSP1s
(target-specific primer) were set as 0.66 μl
(control) and 0.44 μl, AP1 (5 μM) (adaptorderived primer), including 0.26 μl (control)
and 0.17 μl in the first PCR reaction (10 μl
reaction system). The result (Supplementary Figure S1A) suggested that the
substitution of spin column with dilution
was successful, in that the sequencing
depth and enriched fragment length was
substantially improved by using dilution.
Furthermore, no apparent differences
were observed for the bands of different
dilutions of the first-round PCR products
and no apparent differences were
www.BioTechniques.com
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Table 1. Comparison between improvement and non-improvement of multiplex semi-based PCRs.
Experimental procedure

Multiplex semi-based PCR

Improvement of multiplex semi-based PCR

Bulked samples Processing time
Cost ($)
(n)
(days)

Bulked samples Processing time
Cost ($)
(n)
(days)

Adaptor ligation library

48

6

30

48

6

30

Number of enriched
targeted DNA fragments

36

7

219

36

7

219

First-round PCR

432

2

400

144

1

50

Second-round PCR

432

2

400

144

1

50

Spin column

288

3

44

NA

NA

NA

Gel purification

2

1

10

6

2

20

Total number of experimental procedures

1238

21

1103

342

17

369

Mutation density

1 mutation/336 Kb

1 mutation/73 Kb

Efficiency of detecting
positive mutations

57%

95%

observed for the bands of different
dilution gradients of the first-round PCR
products, as well as the second-round
PCR products (Figure 1B & Supplementary
Figure S1A). Based on these results, a
10-μl reaction system of the first-round
PCR was e
 stablished empirically.
To improve the second-round PCR
system, we set three gradients for the
first-round PCR products. First, we diluted
the PCR products by 10, 30, 60 and 100
times, then for each dilution we used three
different template volumes (0.5, 1 and 3 μl)
for the second-round PCR. As shown in
Figure 1B & Supplementary Figure S1B,
with four dilution gradients and three
gradients of concentration of the second
PCR template, the bands showed similar
amplification efficiency. There were no
significant differences observed among
the PCR products of the second-round
PCR template. Based on these results, we
decided that 1 μl of the first-round PCR
products (50-times dilution) was an appropriate template quantity in the secondround PCR reaction system.
Taken together, we have developed a
simpler, more effective approach for library
construction for screening rare mutations
(Figure 1). Compared with the previous
report [17], our method involves three innovations:
1. We replaced the spin column purification step by simple dilution of the PCR
products. This not only decreased the
Vol. 67 | No. 6 | © 2019 Xiaoquan Qi
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cost of the experiment, but also simplified
the experimental process;
2. The volume of PCR reaction system was
reduced by four-fifths in the first and
second-round of PCR, and the amount of
input genomic DNA was reduced by 90%;
3. The numbers of mixed samples of the
second PCR products were reduced by
40–50% to improve the equality of the
molars of the PCR products.
To verify the reliability of our improved protocol
for screening mutants, we used a known point
mutation 31B8 (X8, Y2, Z7: Os07g11440 G929D)
as a positive control. In the spin column experiment, 1.49 Gb high-quality reads were
obtained from the tri-dimensional samples,
with on-target ratios of 38.00% for Z7, 53.24%
for Y2 and 45.68% for X8, respectively.
Compared with the spin column results, there
were 1.69 Gb high-quality reads mapped to
the targeted sequences by dilution treatment,
and the ratio of mapped reads were much
higher (96.41, 95.94 and 50.86%, respectively)
(Supplementary Table S1). After diluting the
first-round PCR product, we found that there
were significant improvements of the
fragment length and sequencing depth
compared with spin column (Figure 2A & B, &
Supplementary S2). The results suggested
that the newly optimized PCR reaction system
was better than the multiplex semi-nestedbased target-enrichment strategy, in that the
average fragment length and the average
sequencing depth were both increased.
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We further applied our approach for
screening mutants of target genes in a
mutagenized rice population. A total of
69,820,404 high-quality reads (6.98 Gb) were
obtained from approximately 10 Kb target
gene regions and 48 bulked templates (pool
1 and 2), derived from 1024 M2 individuals
of a rice sodium azide-induced mutated
population. The mean proportion of on-target
reads across all 48 bulks was 60.6%, rising
to 80.73% in one case (Supplementary Table
S2). The average length of the 36 target
fragments was 371 bp in pool 1 and 381 bp
in pool 2, ranging from 0–1189 bp in pool
1 and from 0–755 bp in pool 2; thus, the
average length achieved was similar to the
pilot experiment (Figure 2C, Supplementary
Figure 3SA & 3SB). The enriched fragment
length of pool 1 was significantly correlated
with that of pool 2 (R2 = 0.9741; Figure 2C).
The total enriched fragment length of the
512 M2 progeny was 3.03 Mb in pool 1 and
3.6 Mb in pool 2 (Supplementary Table S7).
The average sequencing depth was 8553
in pool 1 and 10,496 in pool 2 (Figure 2D,
Supplementary 3SC & 3SD). The sequencing
depth of pool 1 was correlated with that of
pool 2 (R2 = 0.7664; Figure 2D). The results
above suggest that the enriched fragments
and sequencing depth were reproducible
and consistent between pools 1 and 2.
The ratio of on-target region (ranging from
60.6 to 80.73%) has higher specificity than
in previous reports (ranging from 13.44 to
73.87%). Overall, these results suggest
www.BioTechniques.com
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Figure 2. Screening the mutants in rice.
(A & B) The average length of fragments and
the average depth of sequencing in the pilot
experiment. (C) The relationship between the
average length of fragments of pool 1 (x-axis)
and pool 2 (y-axis). The two populations of the
3D pool were significantly correlated (correlation coefficient = 0.9741). The average length
of fragments (A) was consistent with the pilot
experiment (larger than 400 bp) in two populations. (D) The relationship between the average
depth of sequencing of pool 1 (x-axis) and
pool 2 (y-axis). The two populations of the
3D pool were significantly correlated (correlation coefficient = 0.7664). The average depth
of sequencing (B) was consistent with the
theoretical value (higher than 512×). (E & F)
Identification of the candidate mutations. Red
dashed lines indicate the one-tailed left-hand
border, equivalent to 95% of the ‘true mutations’
base-substitution rate (3.02 × 10-3). Confirmed
genuine mutations are marked by blue dots.
Sequencing errors are marked by red dots.
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Current method

Figure 3. Comparison of the false discovery rate
of the previous and current methods. The bar
plot represents the false discovery rate of the
method in Chi et al. [17], which was eight false
positives out of 28 candidate mutations. The
box plot to the right shows the false discovery
rate of the current method of random selection
of raw sequencing reads 20 times in order to
generate a similar sequencing depth compared
with the previous method. The average
number of candidate mutations of these
20 permutations is roughly 52 (Supplementary
Table S8), which includes one constantly
detected false-positive position (18 out of
20 permutations) and one which only presented
in one occurrence.
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that optimization of the multiplex
semi-nested-based PCR target-enrichment
approach provides a more effective method
of enriching multiple DNA target fragments.
After stepwise filtering [17], we
obtained 63 candidate mutations.
Sanger sequencing confirmed that the
63 identified candidates were all genuine
mutations (Figure 2E & F, Supplementary
Table S3), among which 28 genuine
mutations were detected from the 512 M2
progeny in pool 1 (3.03 Mb enriched target
sequences) and 35 from pool 2 (3.6 Mb
enriched target sequences), equivalent
to a mutation rate of one per 164 and
195 Kb, respectively (Supplementary
Table S3). These results indicate that
our improved approach increases both
the efficiency of screening genuine
mutants (from 1 mutation/336 Kb to 1
mutation/147 Kb), and accuracy (eight
false-positive mutations out of 28 candidates in the previous study vs 0 false
positives from the current approach).
Furthermore, the number of experimental
procedures, processing time and the cost
is reduced by nearly twofold, 0.5-fold and
twofold, respectively (Table 1). Due to
the script availability issue, we welcome
any researchers who are interested in
this method to send their alignment file
to us and we will send back the analyzed
results.
To better compare our current results
with the previous method, 35,234,100
high-quality reads, which equals the
previous method, were randomly selected
from the raw reads for analysis. A total of
20 permutations were performed and an
average of 52 mutations were identified
(Supplementary Table S8). Some of the
mutations were not detected during the
20 repetitive analyses, probably because
of the decrease in sequencing depth.
Compared with the previous method,
the false discovery rate of the current
method was significantly lower than
the previous one (Figure 3). Although
the current method uses Illumina’s (CA,
USA) HiSeq 2500 Sequencing platform
and the previous method used HiSeq
2000, the HiSeq 2500 was reported to
have a lower Q30 (≥80%) than HiSeq
2000 (≥85%) according to Illumina’s data
sheets [18,19]. Taken together, these
results suggest that the increased rate
Vol. 67 | No. 6 | © 2019 Xiaoquan Qi
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of precision (the true positives divided
by the predicted positives) is due to the
improvement of method rather than the
change in sequencing platform.
Through comparison among several
methods of target enrichment, we propose
that the improved multiplex semi-nested
target-enrichment method has a simpler
experimental procedure and lower cost of
implementation (Supplementary Table S4).
Our new strategy reduces false-positive
mutations and experimental costs, enhances
mutations sensitivity and allows for screening
mutants in other crop species.
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New Products
Olympus SLIDEVIEW™ VS200 solution with reliable, flexible, and
high-throughput slide scanning
The new Olympus SLIDEVIEW™ VS200 slide scanner captures high-quality virtual
slide images and offers flexibility to empower advanced quantitative image
analysis for brain, cancer and stem cell research, as well as drug discovery.
By employing Olympus X Line™ objectives at the core of the system, users obtain
flatter images with a wider field of view and no intensity fall-off near the periphery.
Scientists can see more of their slides in less time with the system’s lineup of
flexible features, including:
• Five imaging modes: brightfield, fluorescence, darkfield, phase contrast and
simple polarization.
• Mix and match observation methods: combine observation methods to view structures that are only visible under certain conditions.
• Optimized for X Line objectives: specially designed light path provides more homogeneous illumination. X Line objectives also
improve numerical aperture, chromatic aberration correction and flatness.
• Scan multiple slide sizes at once: supports 26 × 76 mm (1 × 3 in.), 52 × 76 mm (2 × 3 in.), 76 × 102 mm (3 × 4 in.) and 102 × 127 mm
(4 × 5 in.) slides.
In addition to increased image quality, researchers will benefit from increased slide capacity and hot-swap capabilities. Scientists
can run scans to finish overnight and have more time to focus on meaningful work. Reliable sensor technology enables the loader
to automatically detect trays, the number of slides and the size of the slides while the integrated barcode reader automatically
captures and records slide information.
The intuitive user interface and robust data management system streamline the workflow further so users can easily scan, save,
access and share slides.
For more information, visit www.olympus-lifescience.com

Zymo launches RNA-Seq
library prep kit

Zymo Research is excited to announce the fastest and
easiest total RNA-Seq library prep kit that allows users
to go from sample to sequencer in a single day! This
probe-free technology makes RiboFree total RNA
libraries from any organism in as little as 3.5 h. A
simple-to-follow workflow has 100 fewer steps in the
protocol and 60% less pipetting than the TruSeq® total
RNA kit.

Cytek biosciences hits flow
cytometry milestone: 40 color
analysis from a single sample
The Cytek Aurora advanced flow cytometry system features a
unique combination of patent-pending innovative technologies and
is available with up to five lasers to enable analyzing up to 40
markers simultaneously in one sample. With the Aurora, users can
combine all of their markers in one sample and achieve high
resolution for each individual marker. The Aurora provides scientists flexibility in dye choices, the power to extract sample autofluorescence, the ability to get up and running quickly with its intuitive
workflows, and the means to extract highly multiplexed high-quality
data – from a single test – all at a fraction of the price of other
technologies and flow cytometry systems.
For more
information, visit
www.cytekbio.com

For more information, visit https://www.zymoresearch.
com/pages/total-rna-seq-library-prep
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Eppendorf launches innovative, first-of-its-kind
25 ml conical tubes
Eppendorf, a leader in conical tube production and design and inventor of the Eppi™ tube,
has launched a brand new 25 ml conical tube that is easier to use, minimizes storage space
and is more sustainable.
Since many researchers work with sample volumes between 15 ml and 25 ml, but only 15 ml and 50 ml tubes were available,
Eppendorf saw the need in the industry for a 25 ml conical tube.
The 25 ml conical tube is the same diameter as the conventional 50 ml conical tube and comes with either the new patented
SnapTec™ snap cap or screw cap, both of which have high centrifugation stability. The wide opening, combined with the lower
height, offers easy sample access, and allows for up to 30% more storage in fridges or freezers. When working with low-volume
pipettes and tips, the risk of cross-contamination between pipette and tube by touching the inner tube wall is also minimized.
One of the most innovative features is the patented SnapTec cap, which is unique within the conical tube market. This cap is
firmly connected to the tube and allows single-handed opening and closing for quick liquid extraction or addition of sample.
“In addition to the convincing handling and application benefits, we designed the Eppendorf 25 ml conical tube to work with
the lab equipment you already have so there’s straightforward integration into the existing lab environment,” said Nils Gerke,
Business Manager of Consumables.
For more information, visit www.eppendorf.com/25ml

Shimadzu’s Nexera preparative supercritical fluid chromatography
system meets SFC purification needs for pharmaceutical industry
The Nexera semi-prep SFC system is part of SSI’s Nexera UC platform, which accommodates a wide variety of analyses and purifications. The platform is based around
the Nexera ultra-high-performance liquid chromatograph. Each Nexera UC semi-prep
system is configurable to user specifications in order to optimally perform the desired
purification function, including chiral or achiral purifications, single injections, stacked
injections and fraction collections from several microliters to liters.
This complete SFC solution reduces the need for costly and hazardous solvents used
in normal phase prep LC, while shortening purification run time and dry down time.
Innovative technologies include a flexible format combination injector/fraction collector,
CO2 pump with integrated chiller that requires less lab space and allows for benchtop use, a novel gas–liquid separator (GLS)
design to ensure high recovery and low carryover, and easy-to-use preparative software to streamline operations.
Importantly, the newly designed gas-liquid separator realizes a higher recovery ratio and lower carryover than earlier SFC
systems. Moreover, the elegant design of the new GLS reduces the total size of the recovery system and allows for easy
rinsing compared to earlier cyclone-style or centrifugal-type GLS systems.
For more information, visit www.ssi.shimadzu.com/products/liquid-chromatography/nexera/nexera-prep-sfc.html
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