
www.theanalyticalscientist.com

Sitting Down With
Proteome Pioneer, 
Neil Kelleher  

66 – 67

Upfront
The smell of the 
ancient world 

06

In My View
There’s more that unites us 
than divides us

08 – 09

Feature
40 Under 40: 
Where are they now?

24 – 32

MAY / JUNE 2022 # 105

Look What 
You Missed... 

Grab your spyglass as we survey the 
post-pandemic analytical landscape 

16 – 23



LAURA COWARD CChem MRSC 
TECHNICAL MANAGER

TOWN TALK POLISH CO LTD

“ As a working mum, I had taken my 
foot off the gas a bit and I wanted to 
push myself again. Looking at the 
Chartered Chemist scheme, I realised 
that I could tick off most of the 
required criteria – and you can do it 
on the job, which was perfect for me.”

Apply for chartered status and get 
recognition for your achievements at 
rsc.li/chartered-status

Recognition. 
Support.
Chartered.

M_Prof Dev_Ad Hoc_Member Ad_LauraCoward_210x266mm.indd   1M_Prof Dev_Ad Hoc_Member Ad_LauraCoward_210x266mm.indd   1 13/05/2022   14:09:4713/05/2022   14:09:47

tas.txp.to/0622/rsc?pdf


Edi tor ial

I
s the pandemic over? In recent months, many of us 
have become used to enjoying life without restrictions 
for the first time in over two years. Of course, serious 
cases haven’t disappeared, and there are parts of the 

world – China in particular – where restrictions remain; and 
we’re all hoping a vaccine-evading variant isn’t lurking around 
the corner... Nevertheless, for those who can, it is tempting to 
forget about the pandemic, move on with our lives, and put 
all that behind us. 

But if we’re honest with ourselves, we can’t turn back the 
clock. Homeworking, videoconferencing, face masks, and 
many other features of the COVID-19 pandemic are here to 
stay. I also think there’s utility in reflection – especially now 
that we’re thankfully (hopefully) out of the thick of it. 

So, for this issue, we’ve asked speakers from HPLC and 
ASMS to play the Janus – looking back at how the pandemic 
affected their lives and work, while also looking ahead at the 
lasting impact for the field as a whole. What did we miss? 
What changed? What didn’t?  

As you’ll see on pages 16-23, two key themes emerged. 
First is the excitement around the return of physical events 
– the aforementioned two being prime examples. (On page 
08, you’ll find an outsider’s perspective from glaciologist, TV 
weatherman, and EuroFAST speaker Peter Kuipers Munneke 
on how we can make the most of our meetups.) Second, is 
the disproportionate impact on younger scientists; having to 
defend PhD theses without a physical audience, funding issues 
as research priorities shifted, and a lack of teaching time – not 
to mention limited networking opportunities. But it’s good to 
hear that, despite the difficulties, there have been successes. 
Gert Desmet highlighted the pioneering work of one his PhD 
students, Bram Huygens, which he thinks will take “column 
performance to the next level.” 

Nominations are now open for this year’s list (http://tas.
txp.to/pl22-open), so if you do know of a gifted (and perhaps 
overlooked) academic, entrepreneur, or industry scientist, help 
them get the recognition they deserve. 

Finally, also in the spirit of reflections and (cautious) 
celebrations, all of us at Texere Publishing will be blowing 
out the candles on our 10th birthday cake this June – and 
raising a glass to thank our wonderful readers, contributors, 
and partners. Cheers!

James Strachan 
Editor
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Lest We Forget 
With restrictions lifted it is tempting to put the pandemic behind us, 
but the past – especially the pre-2020 past – is a different country 
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By analyzing artifacts and other physical 
remains, archeologists allow us to imagine 
how our forebears lived. But such mental 
constructs lack a key component of our 
sensory experience – smell. 

“Olfaction has a major effect on how 
we perceive and navigate the world,” says 
Barbara Huber, doctoral researcher at 
the Max Planck Institute for the Science 
of Human History. “Yet studies of the 
past have so far been largely odorless.” 

No real surprise there – smells of the 
ancient world are typically long gone by the 
time an archeologist arrives on the scene. 
But what if researchers could overcome the 
methodological challenges to reconstructing 
scent using modern analytical technologies? 
Well, that’s exactly what Huber and her 
colleagues are proposing (1). 

“Although the original smell might be 
gone, we are still able to find tiny remains of 
the substances that produced scents in the 
past,” says Huber. “These organic remains 
are often invisible to the naked eye, but 
they are still present on a molecular level. 
We can find them in a number of different 

samples, from archaeological artifacts to 
dental calculus.”

The researchers highlight four 
classes of biomolecules that are 
particularly valuable for studying past 
smells: secondary metabolites, lipids, 
proteins, and DNA. Using gas or 
liquid chromatography-(tandem) mass 
spectrometry, shotgun proteomics, 
DNA sequencing, and bioinformatics, 
they believe it is entirely possible to 
reconstruct past olfactory landscapes. 

“Studying smells can unlock another 
dimension of the past,” says Huber. “This 
sensorial perspective can help us to better 
understand critical aspects of past lifeways: 
the spices people used to flavor their meals 
and how these have changed cuisines over 
time, the perfumes they wore, the hygienic 
conditions at certain times, and what role 

cosmetics and medicine played in the past, 
for example. We believe that by leveraging 
these potent new biomolecular and omics 
approaches, we can open up new aspects 
of the ancient world, our changing 
societies and cultures, and our evolution as 
a species.” 

The team is already working on 
a number of different studies to 
reconstruct the smells of an ancient oasis 
in Arabia, as well as ancient Egyptian 
perfumes and ointments using some of 
the methods discussed in the paper.

“This paper was meant as a call for 
action to encourage archaeologists to look 
more closely at past odors,” says Huber. 

Reference 
1. B Huber et al., Nat Hum Behav (2022). DOI: 

10.1038/s41562-022-01325-7

Scent of an 
Ancient Woman 
Using analytical technologies 
to reconstruct the smells of 
the past  

6 Upfront

Racial Inequalities in 
UK Chemical Sciences

RSC report reveals structural 
inequalities, failed incentives 
and an alarming attrition rate 
for Black chemists after the 
undergraduate level  

 I N F O G R A P H I C 

We are losing Black chemists after 
undergraduate level at an alarming rate 
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• Researchers at Brookhaven 
National Laboratory and 
Argonne National Laboratory 
used transmission X-ray 
microscopy to analyze nano- 
and microscale interactions 
within lithium iron phosphate 
cathodes – and found that 
some regions inside the cathode 
were better at absorption than 
others, with lithium favoring 
particular regions. They 
concluded that more porous 
electrodes with better-aligned 
particles that don’t limit lithium 
distribution could lead to better 
lithium batteries. “What we’re 
providing is bait,” said study 
author Ming Tang. “Let’s see if 
somebody bites.”

• In a world first, researchers 
from The University of 
Birmingham, UK, have located 
an object hidden below ground 
in real-world conditions using a 
quantum gravity gradiometer, 
paving the way for a map of the 
world under the Earth’s surface. 

The major challenge for gravity 
sensors is vibration, which the 
team overcame by suppressing 
the effects of micro-seismic 
and laser noise, thermal and 
magnetic field variations, and 
instrument tilt. “This is an 
‘Edison moment’ in sensing 
that will transform society, 
human understanding, and 
economies,” said co-author Kai 
Bongs.

• Researchers from the 
University of Graz, Austria, 
have developed a super-
resolution microscopic method 
that does not require fluorescent 
labels. The team modified 
laser scanning microscopy – 
which uses a strongly focused 
laser beam to illuminate a 
sample – to measure not only 
the brightness (intensity) of 
the light after it interacts 
with a specimen under study, 
but also other parameters 
encoded in the light field. 
“Our approach could help 
extend the microscopy toolbox 
used to study nanostructures 
in a variety of samples,” said 
research team leader Peter 
Banzer.

The e-Connoisseur
The NOS.E knows which 
brand, origin and style of 
whisky you’ve got 

Two-dimensional gas chromatography–
time-of-flight mass spectrometry-based 
electronic nose – thankfully called 
NOS.E – can distinguish between 
different brands, origins, and styles of 
whisky by “sniffing” the liquor. 

In the study, the e-nose reached 100 
percent accuracy for detecting the region, 
96.15 percent accuracy for brand name 
and 92.31 percent accuracy for style (1). 
According to the University of Technology 
Sydney press release (2), the e-nose 
technology has also been used to detect 
illegal animal parts, such as black rhino 
horns, sold on the black market. 

“Up until now, detecting the differences 
between whiskies has required either a 
trained whisky connoisseur, who might still 
get it wrong, or complex and time-consuming 
chemical analysis by scientists in a lab, said 
Steven Su, Associate Professor, who led 
the project. “So to have a rapid, easy to use, 
real-time assessment of whisky to identify 
the quality, and uncover any adulteration or 
fraud, could be very beneficial for both high-
end wholesalers and purchasers.” 

References 
1. W Zhang et al., IEEE, 22, 7, 7015-7021 

(2022). DOI: 10.1109/JSEN.2022.3147185.
2. UTS (2022). Available at: https://bit.ly/3vcFaDy 
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Unveiling the world 
beneath our feet, the right 
path for lithium, and an 
extended microscopy 
toolbox… 

Just 21 out of 93 universities that 
signed up for The Race Equality 
Charter hold a bronze award; 
none have received a silver or 
gold award*

Black and Asian chemistry 
students are less likely to study 
at a Russell Group university
than their White peers

*The Race Equality 
Charter is run by the 
higher education 
charity Advance HE 
and launched in 
2016 
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8 In My V iew

Why am I – a meteorologist, glaciologist 
and TV weatherman – giving a talk in 
front of an audience of analytical scientists 
at EuroFAST? It’s a good question. And, 
naturally, I had my own doubts when I 
first received the invitation! But I believe 
the notion that scientists from different 
disciplines – even different niches within 
the same discipline – should stay in their 
lanes and remain siloed prevents the cross 
pollination of ideas needed to solve some of 
the biggest issues facing humanity today. 

In the environmental sciences, such as 
climate science, we rely heavily on the 
work of analytical scientists. I’ve worked 
with spectroscopists, chromatographers, 
and mass spectrometrists in the past, 
and, for us, the divisions between these 
various techniques aren’t important 
because we use different approaches 
as tools to solve specific problems to 
produce a holistic understanding of 
the climate. In fact, experts working in 
niche areas often aren’t fully aware of the 
full scope of opportunities available to 
analytical scientists in the environmental 
sphere. Let me give a few examples, 
focusing on the past, present, and future 
of the climate – all of which are crucial 
to understanding the environment as 
a whole.

The Greenland Ice Sheet is key to our 
understanding of climate history. When 
you drill into the ice, you encounter 
older and older layers, which contain 
water molecules with various isotopes of 
hydrogen and oxygen. The prevalence of 
these isotopes gives a proxy of the mean 
Earthly temperature over time. In addition, 
the ice contains air bubbles – archives of 
the ancient atmosphere, which we can 
measure to determine their chemical 
composition. This combination of mean 
temperature and the chemical composition 
of the atmosphere over time allows us to 
understand the correlation between, 
for example, greenhouse gasses in the 
atmosphere and global mean temperature 
– information that has been pivotal for our 
understanding of climate change.

Analytical scientists can also study the 
isotopic trace elements and trace gasses 
that are produced as a result of biological 
activity in the region, helping us to 
understand how mean temperature and 
other atmospheric chemicals correlate 

with the survival of living creatures. Of 
course, the more sensitive the analytical 
techniques become, the more we can learn. 
And the more portable and easy-to-use 
the instruments are, more of these kinds 
of studies become possible. Did you know 
we have ice cores stored away for when 
new analytical techniques are developed 
– or new research avenues discovered? 
One key example, though unrelated to 
ice cores, is the relatively recent discovery 
that black carbon is a proxy for forest fire 
activity, which was accompanied with 
the development of techniques sensitive 
enough to detect it at low concentrations. 

To understand the present, we need 
analytical scientists to monitor and 
observe (by means of remote sensors) 
pollution, toxic waste, and so on. 
Such measures are going to become 
increasingly important as countries 
continue to set mutual ly agreed 
international standards and goals 
for emissions reductions. Analytical 
scientists will have to play a key role 

 In My 
View

Experts from across the 
world share a single 
strongly held opinion 

or key idea.
An Outsider’s 
Perspective 
Take it from a glaciologist: 
We need analytical scientists 
to come together and work 
with us to solve the biggest 
challenges facing the 
environment today

By Peter Kuipers Munneke, polar 
researcher at the Institute for Marine 
and Atmospheric Research, Utrecht 
University, and TV weatherman at 
NOS, The Netherlands
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in building an international system of 
environmental checks and balances to 
ensure all parties are sticking to what 
they’ve agreed.  

Looking to the future, we will need to 
build a circular economy. And that means 
moving away from our reliance on fossil 

fuels, which is a one-way process (you 
burn it and it’s gone), and towards other 
raw materials (such as rare-Earth metals 
and hydrogen) as part of an artificial cycle. 
For this to work, we’ll need to monitor 
and measure how this is impacting the 
planet – both positively and negatively. 
We’ll also need to develop new ways 
of storing energy and new processes, 
such as artificial photosynthesis – all 
of which will require the input of 
analytical scientists. 

I believe we’ll need close collaboration 
between the analytical scientists 
developing the tools and applying 
them in new and interesting areas, and 
the environmental scientists creating 
an overall picture of the environment 
helping to identify the big-picture targets 
we all need to focus our energies on.

I’m also confident that analytical 
scientists who may be working on similar 
problems from different angles all need 
to be speaking with each other – an aim 
shared by the EuroFAST organizers. I’ve 
seen the way this can work in my own 
field of glaciology. In the Netherlands, 
the glaciological community is too small 
for a national symposium – we could 
all fit inside a classroom. The same can 

be said of many other environmental 
niches. Instead, we have an annual polar 
symposium, open to anyone studying 
anything to do with the polar region. 
That includes ornithologists specializing 
in birds from the Arctic, oceanographers 
studying ocean circulation in the region, 
and many more niche and seemingly 
only tangentially related disciplines. 
And guess what: Many cross-discipline 
collaborations come out of these meetings. 

I’ve seen the polar oceanographers 
get together with marine biologists to 
understand the relationship between the 
currents and the marine life. There was 
another collaboration between a team of 
glaciologists and biologists to understand 
how the biological activity off the coast 
of Antarctica was linked to increased 
glacier melt runoff into the ocean. These 
were both totally unexpected and a 
result of bringing together people who 
wouldn’t normally interact. 

I hope conferences such as EuroFAST, 
which segregate the field by application area 
rather than technique, will produce similar 
results for the field of analytical science; not 
just for the community’s sake, but for the 
sake of the environment – which will need 
the help of analytical scientists of all stripes.

“We’ ll also need to 
develop new ways 
of storing energy 
and new processes, 
such as artificial 
photosynthesis – 
all of which will 
require the input 
of analytical 
scientists.”

9In My V iew 

You may be surprised to hear that 
cryo-EM has been around since the 
1950s given its recent, much publicized 
coming of age. Following the “resolution 
revolution,” the number of structures 
resolved by cryo-EM has grown 
exponentially, reaching close to 3000 

in 2019 alone (1). Thanks to cryo-EM, 
we can now access high resolution 
structures for integral membrane 
proteins, including ion channels and 
GPCRs (G-protein coupled receptors), 
in their near native state. We can also 
study epitopes and protein-ligand 
binding in unprecedented detail; and 
we have already used cryo-EM to 
solve structures that had long proven 
elusive, including the insulin receptor 
(2). And, of course, it was cryo-EM that 
revealed the famous spike structure of 
SARS-CoV-2, paving the way to the 
development of effective vaccines.

So, the excitement is justified. Going 

Cryo-EM: 
Keeping a Cool 
Head
Despite generating a staggering 
number of discoveries, Cryo-EM 
remains complicated, difficult to 
use, and expensive. My advice? 
Be judicious and make sure it 
really is the technique you need.

By Giovanna Scapin, Chief Scientist at 
NanoImaging Services, USA
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forward, cryo-EM will accelerate the 
application of “structure based drug 
design;” specifically, it will enable 
the development of structural and 
mechanistic understanding that has 
previously been inaccessible, helping 
us map routes to success rather than 
approaching drug development with 
empiricism alone as our guide.

And yet, I’d like to temper the 
prevailing enthusiasm with a few words 
of caution. Cryo-EM is complicated and 
difficult. Instrumentation is expensive: 
a high-resolution set-up costs around 
US$10 million. Measurements call 
for a daunting level of computational 
infrastructure and expert analytical 
input, which remains in relatively short 
supply. Last but certainly not least, cryo-
EM is not suitable for all molecules and 
sample quality is critical. I’d like to dig a 
little deeper into this last point as failures 
are often directly attributable to sample 
quality and inadequate preparation.

Interestingly, the technological 
improvement responsible for the 
resolution revolution is partially to 
blame. The defining advance in detector 
technology was to enable the capturing 
of a short video (within a few seconds) 
during data collection – multiple 

frames rather than single images. But 
bombarding a frozen sample with 
electrons induces specimen motion; 
and for single images, this means lack 
of clarity – while a movie allows frame 
alignment, delivering high resolution. 

Potentially problematic samples can 
sometimes be detected via techniques 
such as dynamic light scattering (DLS) 
and negative staining. DLS quantifies 
size rather than molecular mass, so 
if results suggest a large molecule 
with a small mass, then a problematic 
elongated structure is more likely. 
Negative staining will provide an 
initial visualization of the aggregation 
state and monodispersity of the sample. 
However, obtaining a sample that will 
deliver valuable results can be the most 
demanding step in a cryo-EM analysis. 

With appropriate sample preparation? 
Well, cryo-EM offers the ability to see 
multiple conformations and domains 
– the closed and open configuration 
of an enzyme working with a ligand, 
for example. And a primary advantage 
of cryo-EM is its ability to work with 
large biomolecular complexes, which 
are intrinsically flexible molecules that 
are unsuitable for crystallography (they 
cannot be crystallized). 

I’m a crystallographer by background, 
and when I first began to learn about 
cryo-EM I was privileged to spend two 
years working alongside experts at the 
New York Structural Biology Center. 
There’s really no substitute for working 
with other experts when it comes to cryo-
EM; it gave me the foundation I needed 
to apply cryo-EM in a productive way in 
my own lab. Cryo-EM is unquestionably 
a breakthrough technique and the 
knowledge accumulated in the last three 
years alone is staggering. 

Going forward it will help us to 
drive drug discovery to new levels of 
efficiency, but the old techniques still 
have value. We don’t need cryo-EM for 
every molecule or to always work to the 
highest levels of resolution. Applying 
cryo-EM judiciously and effectively is 
the key to unleashing its full potential.
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By Michael Mores, VP, Sales, National 
Electrostatics Corp., USA  

Economically-motivated adulteration 
is rampant in industries with valuable 
and vulnerable products, such as wine, 

whiskey, and essential oils. Buying and 
reselling old and/or rare formulations can 
bring high financial returns, presenting a 
lucrative opportunity for fraudsters who 
think nobody can tell the difference. 

Not so fast. On the surface, a well-
aged bottle of wine looks the same as 
one blended with other ingredients, such 
as juices and sweeteners. But there’s a 
niche science that is helping researchers 
(literally) see through the sham – 
accelerator mass spectrometry (AMS). 
For those unfamiliar, AMS is a method 
of detecting and measuring the amount 
of carbon-14 in a sample. Also known as 

Seeing Through 
the Sham With 
AMS
Whether verifying the 
age of wine or tracking 
environmental goals, 
accelerator mass 
spectrometry is helping 
researchers understand 
the true nature of organic 
materials
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12 In My V iew

radiocarbon dating, carbon-14 analysis 
allows researchers to verify whether a 
sample was formulated from its authentic 
source – or tampered with using synthetic 
ingredients. 

Here’s how AMS works: Carbon-14 is 
either ingested or breathed in by a living 
organism – plants, animals, people. 
When the organism dies, the amount 
of carbon-14 in its system starts to decay 
over time. By measuring how much 
carbon-14 is left, you can calculate how 
long ago the organic ingredients within 
the sample died. This is how we can 
determine if wine is as well-aged as its 
label claims. 

Researchers extract carbon from a 
sample through a chemical process 
called graphitization. This is typically 
done by heating samples to very high 
temperatures with acid, cupric oxide and 
silver wool. The heating process creates 
CO2 gas, which can then be trapped in a 
liquid nitrogen cooling line. The cupric 
oxide and wool absorb anything that’s 
not carbon. Then, you add the CO2 to 
iron powder and heat it and cool it again, 
creating a solid sample of carbon that 
resembles a fine-grain powder. From 
here, you can introduce the sample into 
the AMS system’s ion source. 

The ion source accelerates the carbon 
before passing it through magnetic and 
electrostatic filters to separate it from nearby 
isotopes. Then, researchers can work their 
magic (well, science and math) to get the 
“percent modern carbon” or pMC. For 
reference, something that only recently died 
– like grapes from the last few years – would 
be close to 100 pMC. Something that has 
been dead for a long time – like crude oil 
– would be closer to 0 pMC. An 80 pMC, 
for example, tells you that old ingredients 
have been blended with new.   

Though there are other ways to date 
organic materials, AMS is by far the 
quickest and most accurate – plus, 
it requires the smallest sample sizes. 
Other methods, like liquid scintillation 

counting (LSC), can take days or weeks 
depending on how old the material is. 
AMS, by comparison, can measure 
samples within hours. 

As with many issues today, the food 
fraud problem was magnified by the 
pandemic. An increase in online sales 
and decrease in vetting because of 
various restrictions has led to an uptick in 
fraudulent activity. Now, manufacturers 
and suppliers are cracking down on what 
has become – in the case of wine – a 
billion-dollar problem. But the issue is 
not just financial: it’s environmental. 

With the growing desire to go green, 
governments around the world – the US, 
Canada, Hungary, Poland, to name a few 
– are investing in biofuel to help reduce 
carbon emissions. In fact, in 2020, the US 
reinstated a biodiesel tax credit through 
2022 (and likely beyond). The goal is 
to offset the higher price of biofuels 

compared with petroleum-derived fuel. 
Unfortunately, this opens the door 

for more fraud – especially in light of 
the financial troubles many companies 
and governments have faced during 
the pandemic. AMS technology has 
already proved useful in confirming that 
organizations are using biofuel when 
they claim to be – ultimately ensuring 
that we are, in fact, moving towards a 
cleaner environment. 

AMS technology may be famous for 
its carbon applications, but it doesn’t 
stop there. AMS can measure iodine, 
plutonium, aluminum, and more. For 
example, following the devastating 2011 
earthquake, tsunami, and resulting 
nuclear meltdown in Japan, NEC’s 
AMS-based systems were able to 
detect the plumes of iodine and other 
harmful chemicals in the air in Seattle 
a few days later. From an environmental 
monitoring and protection perspective, 
this application is vital. 

Nevertheless, AMS is a niche science. 
There are only about 150 AMS labs 
around the world – and not all of them are 
doing this type of research. How do we 
expand this science specialism to better 
support our world’s environmental goals 
and reduce fraud?

We start by making systems smaller, 
and we’re well on our way. Early AMS 
systems were 10–12 meters long. Today, 
the footprint is down to about 3–4 meters. 
Like other technologies, the form factor 
will likely continue to get smaller over 
time. And the infrastructure required 
to install and house these systems (and 
associated costs) will also decrease. We 
even envision a future with mobile AMS 
stations that can be moved site-to-site 
where analysis is needed. 

Our goal is to make this science 
more accessible and cost-friendly to 
organizations and governments across 
the world; the applications are important 
and almost endless – and the stakes have 
never been higher.

“AMS technology 
has already proved 

useful in 
confirming that 

organizations are 
using biofuel when 
they claim to be – 

ultimately ensuring 
that we are, in 
fact, moving 

towards a cleaner 
environment. ”
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By Mitesh Chhana and Sebastian Weber 

Data integrity refers to maintenance and 
the assurance of accurate data over its 
entire lifecycle. In the past, this meant 
transcribing data in handwritten notebooks 
or ticket printouts combined with oversight 
and sign-offs to ensure credibility and 
robustness. Today, regulators encourage 
the use of modern instruments and 
software programs to ensure electronic 
data is recorded accurately and remains so 
over time. And that’s why a wide range of 
industries, from biopharma to consumer 
care, have invested in digital solutions, such 
as electronic lab notebooks or laboratory 
information management systems (LIMS). 

Failing to secure the integrity of your 
data leads to incorrect decisions, which, 
in industries like biopharma, can affect the 
quality of the product and, ultimately, the 
patient’s safety. In all regulated areas, the 
downstream errors caused by poor data 
integrity can lead to failed inspections, 
shut-downs, product recalls, and the need 
to repeat work – all of which are not only 
costly but also damage reputations.     

Achieving data integrity means following 
the ALCOA (attributable, legible, 
contemporaneous, original, and accurate) 
principles, set out by the regulators. If your 
data is “attributable,” it means you can 
answer the who, what, where, and why 
questions associated with the data – who did 
what and when? Legible data has processes to 
ensure it has been permanently recorded in a 

readable format (in the past, that meant using 
special paper where the print wouldn’t fade 
out within the next 20 years, but electronics 
have made this easier!). Contemporaneous 
data is documented at the time the work 
was performed with a timestamp – this is 
important because auditors want to drill 
down into the original data record, so you 
need processes in place that allow this. Finally, 
original and accurate data leaves an electronic 
signature tracking any changes made.

Overall, the fewer manual steps in your 
data journey, the better – automation is 
the key. And this is true for all the data-
generating instruments in your lab. One 
good example is the ubiquitous laboratory 
balance. The weighing performance of the 
laboratory balances is obviously important, 
but users should also consider the impact 
on compliance; does it make adhering to the 
ALCOA principles straightforward or difficult? 

With the Cubis® II balance, we put a great 
deal of thought into the software to achieve 
connectivity and compliance. For instance, 
the Cubis® II has a build-in audit trail to record 
events and an alibi memory to store weighing 
raw data; it has access control and user 
management, allowing users to differentiate 
individual logins with different access levels for 
lab managers and trainees; it has e-signatures 
that eliminate handwritten signatures to 
work fully paperless and streamline the 
documentation process; and it integrates with 
LIMS, ELN, or other companies’ IT systems. 
This latter point is important because it allows 
customers to deal with change easily – there’s 
no need to learn a new system or involve 
middleware because of the way it interfaces 
with preexisting LIMS workflows. 

As you can see, the concept behind the 
Cubis® II was to build data integrity into the 
instrument so that you can spend less time on 
validation and compliance. With that in mind, 
the Cubis® II is compliant with the new Chapter 
2.1.7 of the European Pharmacopeia and USP 
Chapter 41. The former became mandatory 
in January of this year, and highlights the 
importance of calibration and documentation 
for measurement uncertainty. It is very similar 
to the USP Chapter 41 standard, but there are 
a couple of key differences; namely, symmetric 
errors may not exceed 0.05 percent in the 
European Pharmacopeia, while the limit is 0.1 
percent in the USP; and though the minimum 
weight limits for both standards is identical, 
the measurement requirements are slightly 
different – the European standard requires 
a specific weight for repeatability tests. The 
Cubis® II’s guided workflow takes the user 
through a checking step to determine the 
minimum sample weight and won’t weigh 
anything below the minimum required by 
the regulatory bodies. 

Data integrity is a significant trend across 
industries, but the advice from auditors is 
somewhat limited. The Cubis® II allows 
customers to cost-effectively implement 
ALCOA principles with minimal disruption 
to existing workflows, while also complying 
with the latest regulatory standards.

Find out more about Cubis® II here: 
www.sartorius.com/cubis-ii  
 
Mitesh Chhana is Regional Business 
Manager EMEA, Laboratory Weighing, and 
Sebastian Weber is Global Product Manager 
Software Solutions, both at Sartorius 

Integrity in 
the Balance 
If you want to avoid costly and 
reputation-damaging failed 
inspections, shut-downs or product 
recalls, maintaining data integrity 
is crucial. So why not choose a 
laboratory balance with the ALCOA 
principles built in? 
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Can you give us an 
overview of the various 
roles you’ve had over 
your career – and 
some of the lessons 
you’ve learned along 
the way?  
I left university after doing 
a couple of post docs, and I 
started working for a small fluid 
engineering company called BHR Group. 
At BHR Group I learned the importance 
of understanding the science behind 
fluid dynamics, and also how to apply 
this to in line chemical reaction systems. 
This knowledge has put me in good stead 
throughout my chromatography career. 
From here I joined LGC – specifically a 
team comprised of three other incredibly 
talented scientists. We each had our unique 
talents within analytical chemistry and 
were tasked with solving some incredibly 
difficult tasks, which could only be solved 
a broader spectrum of knowledge. 
This was a fantastic introduction to 
collaborative working and also to the CRO 
industry. I then moved to a small venture 
capital-based company called Cohesive 
Technologies. And that was a real eye 
opener. Being venture-capital funded, you 
had to demonstrate each hour of every day 
that you were a benefit to the organization. 
The learning curve was huge, but the size 
of the organization was small, so you 
could end up doing pretty much anything 
– we literally had a toilet cleaning rota 
when I first started! 

The business was based on a new 
technology called turbulent f low 
chromatography. My role was to do 
demonstrations, application support, 
and initially some of the installation 
across Europe. Through this role, I made 
contacts with several pharmaceutical 
compan ies – and one of  them 
(AstraZeneca) poached me! 

This was another completely different 
lifestyle. Cohesive was very fast 

paced and energetic – you 
didn’ t know what you 

were doing from one 
day or another. In the 
pharmaceutical world, 
you have to know what 
you’re doing in a regulated 

environment. A big part of 
my job there was to improve 

people’s understanding of 
chromatography and why it was 

important in bioanalysis, as well as how 
solid phase or liquid extraction could 
improve the performance of LC-MS/MS-
based assays. This was important because 
not only did it give me the customer 
perspective, it also demonstrated the 
importance of the regulated bodies in 
determining work flows.

From there, following an impending 
departmental reorganization, I started 
working for ThermoFisher Scientific, 
which was a lot more like Cohesive – 
incredibly fast paced and dynamic. The 
application team I led grew from four 
to 30 in the UK alone over just a couple 
of years. I also had the chance to go out 
and visit customers across the world. 
It was great fun, and I was amazed to 
find that separation scientists all over 
the planet face very similar challenges.  

From there, I headed up the R&D 
team at Agilent, which had some 
enthus ia s t ic and g i f ted polymer 
scientists. They taught me a lot about 
the chemistry behind polymer bead 
generation, as well as their potential for 
the chromatography field. 

Then you joined Avantor… 
Yes, Avantor approached me with an 
opportunity I couldn’t resist. I’ve been 
fortunate enough to work with two or 
three people from Avantor previously, 
and all of them have inspired me with their 
enthusiasm and technological knowledge. It 
is unique to see so many gifted scientists at 
a company of their size, so I couldn’t say no. 

My first role was to regalvanize the 
R&D pipeline – populating it with a wide 
range of ideas. Some were deemed quick 
wins, others we might finish in the next 
couple of years. We also have some more 
esoteric ideas – in fact, I’d say they that 
if they work, they’ll change the world of 
chromatography. I then took up the role 
of site lead, which meant looking after the 
production side of things too. This was a 
little daunting – I’d worked in a production 
environment, but I’d never been in charge 
of one! But I’ve enjoyed looking at how 
we can drive productivity and increase 
efficiency. It hasn’t been easy by any 
means but I’ve been rewarded 
by having an incredible 
and supportive team 
around me. 

Chromatography 
on Your Wrist? 
Tony Edge, site director – 
production and R&D – at Avantor 
Sciences, gives us an overview of 
his illustrious career and shares 
his thoughts on the future of  
LC-MS/MS 

"In LC-MS/MS, 
we’re seeing yearly 

improvements in 
mass sensitivity, 
mass resolution, 
and so on. But I 

think the greatest 
potential is in new 
application areas."
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What about your “out of hours” work? 
While I was at Thermo, The Chromatographic 
Society (ChromSoc) sent me an invitation to 
join them. I knew they organized quite a few 
events and gave out awards – there seemed 
to be quite a buzz around the society – so I 
joined. Over time, I got increasingly involved 
and eventually took on the role of Vice 
President, and more recently, President. 

One of our main focuses is supporting 
the younger generation. We run training 
courses, which last four days with 
about 20 or 30 attendees. They’re very 
intensive, with lectures starting at nine 
in the morning but not finishing until 11 
at night, but we host them in parts of 
the UK with plenty of hills and some nice 
walks, which we dedicate the afternoons 
to while discussing the science in a 
more relaxed environment. We tend to 
alternate between the Lake District and 
Shropshire (Church Stretton, my home 

town). We also launched ChromCom, 
our Society’s magazine, which has hints, 
tips, and troubleshooting articles aimed 
at early-career professionals. 

I’m also par t of the Permanent 
Scientific Committee for the International 
Symposium on Chromatography, which 
meets once every two years. I’m looking 
forward to chairing the meeting next 
year in Liverpool – we’ve already started 
pulling together what I believe will be a 
fantastic program!  

What is the current state of LC-MS/MS? 
And are there any exciting developments 
on the horizon? 
In LC-MS/MS, we’re seeing yearly 
improvements in mass sensitivity, mass 
resolution, and so on. But I think the 
greatest potential is in new application 
areas. Mass spec is already in a strong 
position here, particularly when compared 
with more conventional technologies 
associated with liquid chromatography, 
such as UV. But I’d love to see more effort 
going into things like remote analysis. 

When you look at a mass spectrometer 
today, they're still fairly big bulky machines 
that sit on a bench of some description. 
But we’re seeing developments on the 
horizon related to the miniaturization of 
these devices. You can get mass specs that 
you hold in your hand, which are truly 
portable – opening up a vast array of new 
application areas. Yes, you might lose out 
on sensitivity, but for many applications 
sensitivity is not an issue. 

We’re also seeing great strides made 
in the miniaturization of chromatographic 
instruments. This combination would 
make it easier to analyze samples from 
difficult-to-access areas or samples that 

decay quickly. We might even get to a 
point where we’ve all got LC-MS devices 
built into our watches – that might not be 
as far away as you might think... 

What is Avantor doing in the  
LC-MS/MS space? 
We’re working hard on making columns 
more robust to enhance the range of 
selectivities we can offer to customers. 
The Avantor® ACE® range of columns 
and the method development kits 
really do support separation scientists 
in developing their methods. In short, 
we’re bringing more intelligent design to 
stationary phases. Sample preparation 
is another area we’re interested in – we 
want to ensure that we understand the 
full chromatographic workflow, rather 
than just taking a sample and injecting 
it into a column. We’re also working on 
some exciting stuff in mass spectrometry. 
I can’t say too much, but I have already 
alluded to some of the areas that may be 
of interest… Watch this space! 

How have you found working  
at Avantor so far? 
I was initially attracted by the enthusiasm 
and the knowledge of the individuals 
at the company. But I was surprised at 
the camaraderie that is instilled within 
the organization across all levels. I’ve 
never joined an organization and been 
expected to present to the board in 
the first month! But the aim wasn’t to 
scare, the members of the board were all 
engaged and able to provide suggestions. 

I’ve also been impressed with how 
receptive the company is to new ideas 
– people are happy to say “yes, make it 
happen” or give constructive feedback. 
It's a very supportive environment that 
fosters creativity. Avantor also invests in its 
staff with training. Companies sometimes 
worry about loss of productivity in the 
short term, but Avantor is happy to 
provide support in the knowledge that 
it’ll pay off in the long term.    

"We might even 
get to a point 
where we’ve all 
got LC-MS devices 
built into our 
watches – that 
might not be as 
far away as you 
might think..."
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look what you missed
Speakers from some of the analytical world’s biggest 

events reflect on the impact of COVID-19. With many of 
our lives returning to normal, let’s consider what we’ve 

missed – and where we go from here.

Lauren Robertson, James Strachan, and Frank van Geel
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How has COVID-19 impacted your life and work?

Gert Desmet: Two years after our campus shutdown to “grab 
the virus by the throat and put a speedy end to its spreading,” 
I still haven’t attended a single scientific meeting in person or 
visited a colleague to discuss collaborative work. In academia, 
we all sorely missed eye-contact with the students and their 
feedback when teaching. And I also dearly missed the little 
conference corridor gatherings where the real latest research 
results are discussed (most presentations in the lecture halls 
and on Zoom are about yesterday’s research); those same 
meeting points are often where new collaborations are forged. I 
even started to miss long-haul economy flights! The pandemic 
also caused problematic delays for PhD students (especially 
during the first lockdown) and a great deal of stress for those 
of us trying to secure research funding.

Joseph Loo: Initially, when COVID-19 shut down everything, 
panic struck. How are we supposed to teach our classes? What 
are the students going to do without access to a lab? How 
long is this going to last? I think though teaching has been 
challenging for the instructors, it’s been especially hard for the 
students – switching between in-person and remote learning 
because of the different variants has not been easy. 

Christy Landes: I couldn’t agree more! We’ve all felt the 
impact of the COVID-19 pandemic, but for new students and 
postdocs it really has been a disaster. Developing the skills and 
muscle memory of working within a team, impromptu problem 
solving and brainstorming, sharing joy or frustration with 
in-the-moment research outcomes – all have been hindered 
by COVID-19. And for postdocs in particular, they’ve really 
suffered from the inability to give in-person talks and establish 
important soft skills for their future careers. I’ve observed a 
new generation of students who, when we returned to in-
person meetings, didn’t even know what they didn’t know 
because they weren’t interacting. 

Julia Laskin: For our group, it was the first year graduate 
students – those who didn’t have enough training prior to the 
shutdown nor much data to work with – who were impacted 
the most. But for me personally, teaching during COVID was 
by far the most challenging and time-consuming task. 

In the fall of 2020, I was teaching a new course with four 
of my graduate students as teaching assistants. We prepared 
materials for teaching in the hybrid environment, developed 
several new laboratory experiments, developed laboratory 
materials for students who were quarantined, and handled a 
discussion board that was monitored seven days a week. It was 

a tremendous effort, and I am grateful to my graduate students 
– it would not have been possible without their support. 

Jared Anderson: The lockdowns have certainly been a 
challenge, and we will likely deal with the repercussions 
for years to come. For the most part, my students continued 
working safely in the lab under occupancy restrictions, which 
allowed them to make progress on their research projects. 

Some of the biggest setbacks were not being able to get 
timely access to certain chemicals/reagents, as well as some 
instrumentation needed for materials characterization. 
Fortunately, most of these limitations were not long-lived. 

Jessica Reiner: Besides the issues mentioned by others, I also 
saw a direct impact on my research. Just before the start of 
the pandemic, in January 2020, I started an interlaboratory 
comparison study on the measurement of per- and 
polyfluoroalkyl substances (PFAS) in aqueous film forming 
foams (AFFFs). NIST shipped out AFFF samples in January 
2020 with the anticipation of getting data from participating 
laboratories in April 2020. As you can imagine, with most 
laboratories being shut down for some time starting in March 
2020, we needed to extend this deadline. And even when 
laboratories started to get back up and running, there was a 
backlog of samples that needed to be processed. 

Is there a silver lining? 

Desmet: Every cloud has its silver lining. The pandemic 
drastically slowed down life, allowing me to discover the 
most beautiful hiking trails (surprisingly close to home) and 
to drastically increase my running mileage. Another great joy 
came with the new electronic meeting format; suddenly and 
magically, all meetings started and ended perfectly on time – 
unprecedented in academic media! 

The pandemic also gave me the rest and quiet to work on 
some of my favorite ideas in the theory of chromatography, 
such as the velocity- and retention-factor dependence of the 
eddy-dispersion term or the establishment of an analytical 

“ W e ’ v e  a l l  f e l t 
t h e  i m p a c t  o f  t h e 

C O V I D - 1 9  p a n d e m i c , 
b u t  f o r  n e w  s t u d e n t s 

a n d  p o s t d o c s  i t  r e a l l y 
h a s  b e e n  a  d i s a s t e r . ”
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expression for the retention factor dependency of the mobile 
phase mass transfer. This theoretical work helped me keep up 
publishing pace in a period where the data stream from the 
lab was drying up. 

Loo: I saw the same change in my own work. After the initial 
shock, it was as if time stood still – almost like being in an 
episode of Twilight Zone! All of a sudden, we had the time 
to work on manuscript drafts, reports, book chapters… Two 
years ago, nobody would have imagined we’d be using “Zoom” 
as a verb, in the same way we use “Google.” Today, there’s no 
excuse not to Zoom with colleagues and potential collaborators 
from around the world at all hours. Waking up early in the 
morning to Zoom with scientists in Europe or staying up late 
at night to communicate with people in Asia is fairly normal 
these days. In a way, finding alternatives to having in-person 
meetings has strengthened scientific ties worldwide. 

Anderson: Yes! Though running group meetings online is 
certainly not the same as an in-person meeting, I believe it 
has helped students improve their communication skills as 
it is more challenging to explain results in a virtual format 
as opposed to grabbing a marker and jotting something on 
the board during an in-person meeting. There’s no doubt the 
pandemic has taught us all about the need to stay connected! 

In my experience, the pandemic also provided a cohort 
of my students the ability to focus more on learning and 
developing computer programming skills to expand 3D 
printing capabilities towards separation science.

Laskin: We became more flexible in the way we conduct research 
and teach. Most of us have gained new skills, such as learning 
how to code and performing simulations we did not have time 
to explore before. We spent more time reading literature. We 
learned how to manage our time and stay focused while working 
remotely. And we transitioned some of the meetings that do not 
require in-person attendance to virtual platforms.

Adam Woolley: Four of my PhD students graduated in the 
middle of the pandemic, and they’re all doing great things. 

“ T o d a y ,  t h e r e ’ s  n o 
e x c u s e  n o t  t o  Z o o m 
w i t h  c o l l e a g u e s  a n d 

p o t e n t i a l  c o l l a b o r a t o r s 
f r o m  a r o u n d  t h e  w o r l d 

a t  a l l  h o u r s . ”

Jessica Reiner
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One started a company, another is a postdoc at a university, 
one is working for the government, and the last is teaching at 
a university. Despite the challenges, or maybe even because 
of them, these recent graduates have succeeded in important 
ways. It feels like we finally might be on the tail end of this 
pandemic, but, if I’ve learned anything, it’s that predicting 
this pandemic’s trajectory is impossible.

From a scientific perspective, what have we missed?

Woolley: A key take-home message from the pandemic has 
been the power of science and medicine to solve problems. 
We’ve certainly seen that in chemical analysis, particularly 
with COVID-19 testing, which received strong support from 
the separation science community. 

In my own lab, we have been able to focus on using 3D 
printed microfluidics in assessing risk for preterm birth with 
maternal blood serum samples. We have made significant 
progress in multiplexed immunoaffinity extraction, solid-
phase extraction and fluorescence labeling, and microchip 
electrophoresis of these biomarkers. We’re also making 
strides to combine those three processes together in a 
miniaturized platform. 

Desmet: One breakthrough that probably would not have 
happened without the pandemic, and the insight of a brilliant 
young PhD student called Bram Huygens, was the extension 
of the Taylor-Aris theory to complex generic chromatographic 
media, which has opened the door to establishing analytical 
forms for the van Deemter-equation in a whole series of 
geometries – something that was previously unthinkable. 
I am convinced this will bring our understanding of 
packing quality and its effect on column performance 
to the next level, which will help us design new types of 
chromatographic supports.

The peace and quiet also allowed me to develop some ideas 
for new experimental approaches and for new column designs. 
A great deal of attention in our group also went to finding 
new ways to pack particles in much more ordered and open 
configurations than the randomly packed columns we have 
to live with today.

Loo: We presented some of our new results at ASMS 2021, 
but we have a lot more work to be presented at ASMS 2022! 
Our work centers around protein structure, and we recently 
discovered new acyl-lysine post-translational modifications. 
Using top-down MS, we have also developed methods to 
increase sequence coverage for large proteins, locate the sites 
of ligand binding, map the positions of disulfide bonds, and 

derive 3D structural information for protein complexes using 
native MS. Busy, busy, busy!

Laskin: Despite the setbacks, our group has been very 
productive. In the past 18 months, we have developed a new 
ion soft landing instrument and used it to characterize the 
structures and redox properties of several types of nanoclusters 
of interest to energy production and storage applications. 
We have also conducted the first experiments focused on 
understanding and controlling the reactivity of fragment 
ions on surfaces, providing a path to designing new cluster-
based materials with interesting properties. We have worked 
on isomer-selective imaging of lipids using photochemical 
approaches and ion mobility separation. We have developed a 
robust microfluidic chip for imaging of biomolecules in tissues 
using MS and obtained the first proteoform-selective imaging 
data. Furthermore, our work to enhance the sensitivity of 
nanospray desorption electrospray ionization (nano-DESI) 
imaging shows great promise for future experiments. Look 
out for us at ASMS! 
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Anderson: At the upcoming HPLC 2022, I will discuss some 
of my group’s ongoing work in developing rapid oligonucleotide 
extraction methods that are able to achieve single-nucleotide 
differentiation. This work has been pushed forward by the 
COVID-19 pandemic and the need to develop rapid nucleic 
acid isolation methods that are compatible with downstream 
amplification methods, such as qPCR. 

We have recently introduced a new class of liquid magnetic 
supports that do not suffer from aggregation, clogging of 
devices, and low capture efficiencies. Coupled to these supports 
are probes featuring ion tags that are capable of distinguishing 
between complementary DNA and single-nucleotide 
mismatches. HPLC has enabled us to precisely measure the 
amount of the probe captured by the liquid support so that 
we can better devise probes featuring higher loading capacity. 
I will also discuss some of my group’s most recent results on 
using deep eutectic solvents as extraction solvents that are 
compatible with HPLC. 

Landes: One of the lines of research in our lab is applying 
data-science methods to experimental chemistry. Because of 
the shut-down, we were all forced to work from home and away 

from the experimental lab, and that forced us to shift some 
data-science projects to the front burner. The new students, 
who hadn’t ever been able to get into the lab, were able to take 
the lead on these projects and find a new way to contribute.

What does the future hold?

Landes: Long term, I’m still passionately confident that we have 
not begun to tap the potential of new basic science advances 
to provide a transformative impact on separations. But I truly 
believe the shortage of students and postdocs in this field should 
be looked at as a crisis. Even before the pandemic, we were 
experiencing a drop-off in interest and access for international 
students and postdocs. With shut-downs and entry restrictions, 
that pipeline was almost completely eliminated for an entire 

“ L i f e  i n  a c a d e m i a 
c e r t a i n l y  w o n ’ t  b e  t h e 
s a m e  a s  i t  w a s  d u r i n g 

t h e  p r e - C O V I D  d a y s . ”
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year. I don’t think we will return to having a large population of 
outstanding international students wanting to come to the US, 
but we don’t have enough domestic STEM students. If all of the 
big money industry jobs are in biotech and semiconductors, and 
all of the big money federal grants are for quantum and energy, 
separation science is going to suffer even more in the future.  

Woolley: I am looking forward to attending in-person scientific 
meetings once again this year. Looking further down the road, 
I still see a significant need for advancing miniaturized systems 
for chemical analysis – and we hope to be part of that. One 
new branch of work that my lab started during the pandemic is 
in droplet microfluidics, and we’re excited about the potential 
to use the approach to study antibiotic susceptibility. 

Reiner: Even though the interlaboratory study took longer than 
originally anticipated, waiting for the results was worth the 
extra time. We have now implemented the recommendations 
for the participants in the interlaboratory study and we are 
developing a suite of AFFF reference materials with PFAS of 
varying concentrations and structure to provide quality control 

materials for laboratories measuring AFFF-contaminated 
environmental samples. 

Desmet: I think the pandemic has forced us to rethink our 
way of working and living. And I do believe that if we could 
retain some of the positive aspects, such as a more efficient way 
of organizing our working days and less unnecessary travel, 
we will be living in a better world than before March, 2020. 

Loo: COVID certainly forced many to reevaluate their career 
(and life). Life in academia certainly won’t be the same as it 
was during the pre-COVID days. Prior to coming to UCLA, 
I worked in industry, and I have some experience working in a 
national lab. There are pros and cons to each of these different 
working environments. 

But who knows. Last year, we all thought things would 
be back to normal soon, especially after the vaccines were 
developed. Today, it’s not clear whether we’ll ever get 
(completely) back to the pre-COVID days – perhaps that’s 
for the best. It’s like that saying, “diamonds are made under 
pressure.” COVID has made all of us stronger.
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WHERE  
ARE THEY  now?
The Top 40 Under 40 Power List returns this year, so we 

decided to catch up with some of our 2018 finalists to find out 
how their careers have progressed, what excites them about 

current research, and where they’re heading  
By Margot Lespade

www.theanalyticalscientist.com



 Michael Witting 

Co-head of the Metabolomics and 
Proteomics Core at Helmholtz Munich, 
Germany 

Michael Witting, described in 2018 as 
a “dynamic young scientist working at 
the cutting edge of metabolomics and 
lipidomics,” started in his new position 
as co-head of the Metabolomics and 
Proteomics Core at Helmholtz Munich 
in January 2021. According to Witting, 
his highlights include being awarded 
two major grants, which al lowed 
him, alongside several collaborators, 

to “further develop new strategies for 
metabolomics data analysis.” One of his 
recent publications has also been selected 
as winner of the 2022 Metabolomics 
Publication Awards in the “Original 
Article” category.

“I really enjoy shaping the future of the 
metabolomics part of the Metabolomics 
and Proteomics Core,” says Witting. “I 
have the ambitious goal of developing 
the Metabolomics and Proteomics Core 
to one of the best metabolomics facilities 
in Germany – and in Europe. And as 
I’m still under 40, who knows, I might 
make the Top 40 under 40 Power List 
for a second time!”

 James Grinias 

Associate Professor at Rowan University, 
USA

James Grinias was commended in 2018 
for being “independently successful” and 
for “securing grants from the National 
Institute of Health (NIH) and the 
American Chemical Society (ACS), 
which is impressive for a new professor.” 
So, what has Grinias been up to in the 
past four years? 

“I would say the most obvious thing 
to note since 2018 is the COVID-19 
pandemic,” he says. His laboratory 
shut down for several months and then 
operated with reduced capacity for several 
more, but, according to Grinias, working 
remotely gave him the opportunity to 
submit proposals on new directions 
in capillary LC, funded through the 
National Science Foundation (NSF) 
CAREER program and as part of a 
collaborative NIH project with Axcend 
LLC. “Using capillary LC for routine 
pharmaceutical analysis can have a 
significant benefit by reducing solvent 
and energy consumption, helping make 
our standard measurement techniques 

‘greener,’” he notes. “A compact, portable 
instrument platform will also enable this 
technology to be employed in a variety 
of point-of-need settings.”

Another major occurrence for Grinias 
was the f irst complete personnel 
transition of his research group since 

starting in 2017. “Of course, this happens 
in all academic labs but experiencing it 
as an advisor has been very different,” 
says Grinias. “I am truly proud to 
see this next generation of separation 
scientists make positive contributions to 
the world.”
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 Emma Schymanski 

Associate Professor at the Luxembourg 
Center for Systems Biomedicine, 
Luxembourg

Emma Schymanski was keen to note 
her students’ successes as one of her 
main highlights of the past four years. 
“My research group has grown from 
two to 15 members, which has been 
incredible to behold,” she says. “We 
are a very diverse set of individuals and 
I have learnt a lot from my team. I’ve 
had the privilege to witness many of my 
students submitting and publishing their 

inaugural first-author papers, and one 
of our Master’s students won a prize for 
academic excellence for her thesis.” 

Since October 2021, Schymanski has 
also been working on the H2020 project 
ZeroPM, which she describes as a “really 
exciting and energetic consortium looking 
at persistent and mobile pollutants.” 
Additionally, in collaboration with 
PubChem, her team they have released 
their PFAS and organofluorine collection 
of over six million entries, meeting the 
latest OECD PFAS definition – which 
is orders of magnitude above other PFAS 
lists. “By making our efforts openly 
available, we are able to contribute our 

bit to making a difference, and improve 
access to chemical information for 
millions of scientists and researchers 
around the entire world.”

 Katelynn Perrault 

Associate Professor of Forensic Sciences 
and Chemistry at Chaminade University 
of Honolulu in Hawaii, USA

For Katelynn Perrault, whose career 
was described as a “tour de force” by one 
nominator in 2018, these past four years 
have been “a time of extreme growth and 
development as a researcher, educator, 

and human being.” According to Perrault, 
her highlights include receiving the John 
B. Phillips Award at the 18th GC×GC 
Symposium in 2021 and building 
relationships with the Search and Rescue 
community in Hawaii, using her field 
of research to support their operations. 
“Seeing so many undergraduate students 
graduate in spite of the adversity brought 
forth during the pandemic has also been 
extremely heartening,” she adds.

Perrault has also been working on an 
exciting project: profiling the volatile organic 
compounds from a Pacific Island beverage 
known as kava, alongside researchers from 
the Chaminade University of Honolulu. 
Their use of GC×GC afforded a detailed 
characterization of the chemical profile of 
kava, allowing an improved understanding 
of the secondary metabolome. “This project 
has been a great way for me to learn more 
about the rich culture of the Pacific region,” 
she says. “My students have also been 
having fun learning to use GC×GC in 
our instrumental analysis class where they 
have been injecting the samples for this 
research. I love it when projects allow me to 
unite my passion for teaching and research 
simultaneously, and this is something I 
enjoy greatly in my current role.”
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 Power-ful Progress 

Our Power Listers reveal the “most 
exciting developments” in their 
respective fields today
 
Michael Witting: If I had to pick one, I 
would say ion mobility for lipid analysis. I 
think lipids are just in the sweet spot of ion 
mobility – big enough to show interesting 
differences in conformation, and therefore 
separation in the ion mobility dimension, 
but small enough not to be overwhelmed 
by too many conformations.
 
Francesco Cacciola: The possibility of 
demonstrating the potential of both liquid 
chromatography but also mass spectrometry 
techniques – triple quadrupole-based 
instrumentation for determination of 
natural bioactive compounds, in particular, 
comes to mind.
 
Leandro Wang Hantao: Chemists taking 
active roles in developing solutions using 
chemometrics, machine learning, artificial 
intelligence, and deep learning.
 
Emma Schymanski: I am excited to see the 
momentum growing for open and FAIR 
(Findable, Accessible, Interoperable, Re-
useable) data exchange, together with so 
many amazing resources for open-source 
developments. Over the past few years, 
opportunities have evolved that were 
not even conceivable reasonably recently. 
Community projects are now co-developed 
on GitHub/GitLab and other resources, 
served up through containers and web apps, 
and we can already write fully compilable 
papers that contain the entire publication 
contents and can re-run and reproduce the 
results. A new era of reproducibility, with 
a dramatic change in the way we publish 
science, lies ahead. It will be exciting 
to see where this goes, and whether the 
community can group together to take 
advantage of these opportunities in a 
collaborative spirit.

Andrea Gargano: In my opinion, the 
single-most exciting development 
in my field is charge detection mass 
spectrometry. This technology can help 
realize amazing results in analyzing 
large and complex molecules. I'd love 
to be working on this and see what needs 
to be done to make it possible to couple 
it with separations.
 
See Hong Heng: One of the recent focuses 
of research for my team is to design low-
cost and user-friendly integrated point-
of-care (PoC) devices for the quantitative 
detection of various molecular targets in 
healthcare studies. Several recent PoC 
prototypes – in particular those using 
smartphone-based detection – have 
produced some astonishing results!
 
Flavio Franchina: Even though there is 
still space for technology innovation in 
GCxGC, it is interesting to see how the 
technique is now exploited transversally 
with other disciplines and how it is more 
widely applied to solve actual problems. I 
personally plan to keep an eye on biomarker 
discoveries, both of disease and food quality, 
and on the valorization of waste products 
for their industrial recycling.
 
Russ Algar: The most exciting ongoing 
development in my particular area of 
research is single-molecule detection. 
There is no better detection limit than a 
single molecule, and nothing is hidden 
when measuring molecules one at a time. 
With technological advancements, single-
molecule fluorescence imaging has gone 
from exotic to almost routine. That’s exciting 
in itself, but I think I’m more excited by 
the number of different approaches to 
single-molecule detection that now exist. 
Of course, there are challenges to address, 
but single-molecule detection and digital 
assays have tremendous potential. I’m 
definitely enamored with the idea of low-
cost, portable devices capable of single-
molecule detection.  

 Leandro Wang Hantao 

Assistant Professor, Institute of Chemistry, 
University of Campinas, São Paulo, Brazil

Also wanting to contribute to global 
advancements in analytical science, 
Leandro Wang Hantao and his team 
have set up new infrastructure to run 
their GC×GC-MS experiments, while 
advancing into sample preparation and 
data science. According to Hantao, he 
is particularly excited about the recent 
GC×GC-MS developments within 
his lab using an FT-Orbitrap mass 
spectrometer. “It is certainly not a 
trivial coupling, but it is definitely an 
incredible addition to the portfolio of 
GC×GC solutions,” he explains. “We 
are also working on machine learning 
and artificial intelligence tools to process 
large and complex MS-based data, as 
well as realizing the potential of parallel 
computing platforms by harnessing the 
powerful structure of GPU accelerators.”
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 Russ Algar 

Associate Professor at the University of 
British Columbia, USA

Another scientist honored with awards 
since 2018, Russ Algar received the 
McDowell Medal from his institution 
for excellence in pure or applied scientific 
research by a young faculty member. “It 
was particularly exciting for analytical 
science to be so highly regarded in a 
pool of outstanding research from across 
science and engineering,” says Algar. 
“Another honor was the McBryde Medal 
from the Canadian Society for Chemistry. 
This award has a 35-year history, so it 
was very cool to see my name added to a 
list of great analytical scientists that I’ve 
admired since I was a student.” 

Although he admitted that things 
did take a challenging turn with the 
pandemic, Algar notes that, after a 
hiatus and some setbacks, research 
is now thankfully accelerating again. 
“One example of an evolution of our 

research over the past four years has 
been a shift toward cellular analysis,” 
he says. “Looking back, ideas that were 
rough sketches in 2018 have now come 
to fruition. It is also the case that more 
people have noticed our work, and some 
of that attention definitely came from my 
inclusion on The Power List.” 

But what about the importance of a 
healthy work-life balance? For Algar, 
the past four years have only further 
demonstrated the value of time. His most 
recent recognition, a Killam Accelerator 
Research Fellowship, not only provides 
lab funding, but is most valuable in its 
protection of time for research. “Things 
like family, personal health, and research 
seem to exponentially benefit from more 
time spent on them,” he says. “And, 
although there is definitely still room 
for improvement, I’m getting better at 
maximizing time spent with my research 
team, meaning there’s more time for 
family – fatherhood is still the best, 
although I have notably less hair now 
than four years ago…”

 Matthew Lockett 

Associate Professor at the University of 
North Carolina at Chapel Hill, USA

Another 2018 nominee who has had a 
fascinating four years is Matthew Lockett. 
His lab continues to develop micro- and 
meso-fabricated devices to generate 3D 
tissue-like environments to study intercellular 
signaling and develop disease progression 
models. A major effort over the last few 
years and, according to Lockett, one that 
is starting to bear fruit is the incorporation 
of targeted metabolomics to quantify drug 
metabolism in 3D colorectal tumor model 
and in a 3D liver model. A common theme 
for many of the bioanalysis-related projects 
in his lab is making tools and model systems 
to characterize the role oxygen plays in 

regulating cellular responses to drugs.
 “We also recently became part of a multi-

institution DOE Energy Innovation Hub, 
CHASE (Center for Hybrid Approaches 
in Solar Energy to Liquid Fuels),” he 
says. “This multidisciplinary research 
environment allows me to focus on my 
other research passion: developing models 
to better understand the role of disorder, the 
heterogeneity that arises from chemically 
modified surfaces and electrodes that 
cannot self-assemble. In this area of the lab, 
I am learning all sorts of new techniques to 
characterize the role of lateral interactions 
between molecules on the surface.” 

Lockett also notes that one of the best 
parts of his current role is that tenure allows 
him to spend more time in the lab, working 
alongside the students. “Every day is a new 
experiment and a new discovery for me!” 
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 Hong Heng See 

Deputy Director of the Center 
for Sustainable Nanomaterials, 
and Associate Professor at the 
University of Technology, Malaysia

Hong Heng See's academic career has 
progressed rapidly over the past few years, with a growing 
research group and a recent appointment to Deputy Director 
of the Center for Sustainable Nanomaterials. His latest research 
is divided into fundamental analytical studies and applied 
analytical approaches, which are both well-aligned with current 
needs in academia and industry. “My ultimate career goal is to 
transform interesting new technological knowledge into ‘down-
to-earth’ approaches, as this could be advantageous for both 
social communities and private sectors,” he says. “In fact, I have 
also founded a university spin-off company that aims to provide 
rapid analytical solutions and technical consultancy services, 
mainly to the chemical and pharmaceutical industries.”

 Andrea Gargano 

Associate Professor at the 
University of Amsterdam, 
Netherlands

Andrea Gargano has also become 
a father recently, which he describes 
as one of the highlights of the past four 
years – emphasizing that it is possible to continue in academia 
whilst also becoming a parent. As well as raising his “tiny little 
human,” Gargano has also started teaching and supervising 
PhD students. “Teaching for me has been both a struggle and 
a joy,” he says. “The struggle comes from the intense preparation 
it requires, but it is incredible to realize how the concepts and 
skills taught are helpful, and see that I can transmit these to my 
students and see them progress.”

However, Gargano emphasized that “lowlights” were there 
too. “Failures are a big part of my work and it is hard to share 
them. One of my most significant disappointments, so far, 
came from a grant application,” he says. “Twice, I reached the 
final stage of a grant application that could have significantly 
impacted my career, receiving very high scores, but it was not 
enough to get awarded the grant. What I have discovered is 
that there is a lot to learn from failures – it is normal to fail and 
I think it is important to share that.”
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 Jean-Francois Masson 
 

Full Professor at the University of 
Montreal, Canada

Jean-Francois Masson has been very active 
in developing antibody and neutralization 
tests during the pandemic, which are now 
used in epidemiological studies across 
Canada. “My main lesson learned in the 
past four years is that our research really 
matters to society. Our antibody detection 
work from 5–10 years ago was fascinating 
to us, but attracted little interest from 
funding agencies. As such, I would have 
never anticipated that we would eventually 
be part of a national network of scientists 
monitoring antibodies in the Canadian 
population during a pandemic.” 

According to Masson, the COVID-19 
pandemic has only further illustrated the 
need and impact of analytical science for 
humanity. Predicting exciting advancements 

in portable sensor technologies to monitor 
the health of individuals, he adds, “I 
anticipate that these sensors will be able 
to monitor complex chemical dynamics in 
tissues very rapidly and with high chemical 
resolution, addressing pressing challenges 
in medicine.” 

Masson has also progressed in some 
interesting directions in the past few 
years. His lab has now moved to a brand-
new science campus at the University 
of Montreal, which brings many new 
opportunities. The labs were designed 
specifically for his group’s needs, and they 
now have a biosafety level 2 laboratory that 
allows them to conduct clinical trials. “This 
has been an absolute game-changer for us,” 
he explains. “We are currently working on 
a series of clinical tests for COVID-19 in 
a longitudinal cohort of 300 individuals, 
and another one in the context of blood 
transfusion and blood donors.”

 Masson’s interest in neuroscience has 

also grown – with multiple projects in 
the pipeline to monitor a broad range 
of neurochemicals in the brain, using a 
combination of Raman spectroscopy and 
optogenetics. According to Masson, they 
are aiming to detect proteins in brain 
tissues, which brings new technical and 
analytical challenges that they hope to 
resolve in the near future. “In both cases, 
we are building new microscopes and 
designing new sensors, and that is very 
exciting to see!”

 Francesco Cacciola 

Associate Professor at the University of 
Messina, Italy

Francesco Cacciola, described as an 
“outstanding researcher in the field 
of comprehensive two-dimensional 
liquid chromatography, […] especially 
in food analysis” in 2018, has now 
started international collaborations with 
several PhD students from Morocco 

in the field of natural products. “We 
are exploring the characterization 
of polyphenolic compounds in plant 
extracts by conventional and innovative 
liquid chromatography techniques; we are 
focusing on very challenging applications 
and we hope they will have an impact on 
the field of health and life science,” he says.

 Flavio Antonio Franchina 

Assistant Professor at the University of 
Ferrara, Italy

Since 2018, Flavio Antonio Franchina 
has moved from a Research Associate 
position at Dartmouth College, USA, 
to a Postdoctoral Researcher position at 
the University of Liège in Belgium, and 
finally onto Assistant Professor at the 
University of Ferrara, Italy. He emphasized 
the challenge of integrating in different 

cultures. “I think this has definitely taught 
me to adapt my lifestyle and organization 
– and to understand others’ viewpoints 
better,” he says. “As mentors and teachers, I 
think that’s an exceptional quality to have.”

And teaching is clearly a passion for 
Franchina: “something I greatly enjoy 
about my work is being around the 
students – both undergraduate and 
graduate – to help them develop their 
understanding and critical thinking. This 
is a constant learning exercise for me.”
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 Tomas Cajka  

Head of the Laboratory of Metabolomics 
at the Institute of Physiology, Czech 
Academy of Sciences, Czech Republic 

 
After five years at the West Coast 
Metabolomics Center at the University 
of California, USA, Tomas Cajka joined 
the Institute of Physiology of the Czech 
Academy of Sciences in December 2017. 
The first part of his new mission was to 
establish the Metabolomics Core Facility. 
He describes this as a “very exciting but also 
challenging time.” According to Cajka, he 
and his team pushed the limits to streamline 
the metabolomics and lipidomics workflow 
to develop a simple, fast, and robust protocol 
to be applied to diverse sample types.

The result was an LC-MS-based 
workf low called LIMeX (LIpids, 
Metabolites and eXposome compounds) 
that includes simultaneous extraction 
of simple and complex lipids, polar 
metabolites, and exposome compounds, 
and allows untargeted and targeted 
analysis. Over the last four years, they 
have analyzed more than 15,000 samples, 
each with two to six different LC–MS 
platforms. “In my opinion, our lab serves as 
an example that even a small core facility 
can run multiplatform analyses as well as 
big metabolomics studies,” Cajka adds.

 Currently, he is also involved in 
building metabolomics and lipidomics 
atlases in cooperation with the Laboratory 
of Metabolism of Bioactive Lipids at 
the same institute. “As many currently 

published research papers are limited to the 
number of examined matrices, the breadth 
and scope of metabolomics and lipidomics 
methods, and reporting a complete list of 
annotated metabolites, we assumed that 
such comprehensive, open-access atlases 
characterizing different biofluids and 
tissues would be valuable for researchers,” 
explains Cajka. 

 Robbyn Anand 

Associate Professor at the Iowa State 
University, USA

 
Since 2018, Anand’s research group has 
more than doubled to a team of sixteen 
graduate students, seven undergraduates, 
and one postdoctoral research associate. 
They have also secured funding 
from diverse sources, including NIH 
Early Investigator Trailblazer, NSF 
CAREER, and Cottrell Scholar awards. 
With this support, they have developed 
methods for circulating tumor cell 
analysis, electrokinetic enrichment and 
separation of chemical species within 
water-in-oil droplets, and more sensitive 
bioanalysis at arrays of wireless bipolar 
electrodes. "These achievements led to 
my recognition with several awards, and 
I am so grateful to have such a dedicated 
and creative team," says Anand. She was 

recognized in 2021 with the Pittsburgh 
Conference Achievement Award, 
the Satinder Ahuja Award for Young 
Investigators in Separations Science, the 
Royce W. Murray Young Investigator 
Award, and the Analytical Chemistry 
Young Innovator Award.

According to Anand, her team are now 
leveraging these methods to tackle current 
challenges in human health, and revisiting 
their fundamental underpinnings to 
support further advancements. Currently, 
in collaboration with the University of 

Iowa, they are evaluating patient-derived 
blood samples for circulating melanoma 
cells, and developing a point-of-care 
device to detect viral RNA without the 
need for an amplification reaction, such 
as polymerase chain reaction. 

 “I am most proud to see students taking 
leadership of these initiatives and proposing 
new research ideas. Over the past several 
years, I have learned the importance of 
relationships, particularly with collaborators 
and students, to both scientific impact and 
loving what you do,” she adds.
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The pharmaceutical industry can be a slow-
moving beast, with a tendency toward 
self-preservation in a highly regulated 
environment. This is certainly the case 
with the industry’s adoption of digitalization 
and open data. Pharmaceutical laboratory 
processes often involve manual tasks 
that don’t necessarily lend themselves to 
digitalization, which in turn hampers the 
industry’s ability to share data internally 
and externally. 

There are other historical reasons for 
the lack of connectivity in laboratories. In 
the past, instrument vendors often had 
no choice but to develop their own 
software from scratch. If you’ve put 
the time and effort into developing 
a proprietary system, you would 
understandably like to maximize 
your return on investment by giving 
(limited) access to paying customers 
only. In addition, vendors might be 
cautious about other companies’ 
analytical-software packages replacing 
their own. Nevertheless, I’ve seen 
a growing appreciation in recent 
years for the benefits of embracing 
accessible, community-supported, 
interoperable data standards as part of 
a drive to connect various instruments 

from different vendors. 
BSSN’s co-founder helped develop 

Analytical Information Markup Language 
(AnIML), an open source data standard, in 
2003. BSSN, which was acquired by Merck 
KGaA Darmstadt, Germany in 2019, was the 
first company to introduce a fully compliant 
AnIML solution to the market. 

Suitable for a wide range of analytical 
measurement techniques, AnIML lets 
users accurately record and document lab 
workflows and results, regardless of the 
instruments or measurement techniques 
used. This makes it far easier to process, 
share, and archive experimental data. And 
because AnIML is based on XML (which is 
text based), it can be easily implemented 
with readily available off-the-shelf tools for 
XML manipulation and read by human beings 
– an important factor for long-term storage. 

In short, AnIML is human readable; clearly 
structured; flexible; royalty free; available 
to all; and supported and maintained by 
an independent, non-profit consortium 
of industry, academia, vendors, and 
governmental bodies. And that’s exactly 
what an open data standard should look like.

If the industry genuinely wants to 

embrace open data, we need open, 
community-supported standards like 
AnIML. Of course, we’re not married to 
AnIML in particular; if another community-
supported standard emerges and makes 
sense from a scientific perspective, we 
would gladly embrace it. But, as it stands, 
I can’t see that happening for a number of 
years. As stated above, AnIML is easy to 
share and simple to read. It’s free – you don’t 
need expensive software tools to use it –  
and it can be used for any purpose. You can 
store AnIML files. If you have a software 
developer who knows a little XML, they 
can easily use AnIML files to build data 
visualization tools.  

Data standards aren’t enough
All that said, AnIML isn’t an open data 
panacea; it’s a file format that organizes 
the structure of analytical data. If you want 
to transfer these data from one system 
to another, you need a communication 
standard that prevents them from becoming 
siloed. And that’s where SiLA comes in.

SiLA enables communication between 

Welcome to the  
Lab of the Future 
AnIML and SiLA are community-
supported, interoperable data 
and communication standards 
that can be seamlessly combined 
to enable the whole lifecycle of 
a sample – including data from 
multiple combined technologies 
– to be visualized. The lab of the 
future is closer than you think! 

By Arne Kusserow, Product  
Manager, Converters, Merck KGaA 
Darmstadt, Germany 



instruments and software systems so that 
you can use your data in whatever  
way you want. Data generated by 
a NMR machine, for example, 
are stored as an XML-based 
AnIML file, which can be 
transferred bi-directionally 
to whatever software 
you’re using to process your 
data. Through the seamless 
integration of AnIML with SiLA, 
a new ecosystem is emerging that 
allows end-to-end integration of instrument 
control, data capture, and leading systems 
(such as LIMS). Your sample might have its 
NMR spectral data, HPLC measurements, 
and laboratory balance readings –  all stored 
as traceable AnIML data packages describing 
device information, batch status, audit trail, 
and other parameters – feeding into any data 
consumption system via SiLA.

This ability to visualize the whole lifecycle 
of a sample, including data from multiple 
combined technologies, is incredibly 
valuable for integration. It also simplifies 
audit trails, digital signatures, and validation 
for regulatory compliance, as well as the 
sharing of companion data with scientific 
publications or external collaborators. All of 
this enables scientists to focus on what they 
do best: science! Researchers can generate 
and analyze data without having to think 
about how to store them, which facilitates 
such benefits as effective collaboration, 
comparisons of results, and regulatory 
compliance. Relieving this administrative 
burden is, to me, the fundamental benefit 
of standardizing and connecting data with 
AnIML and SiLA. 

We can even go further by integrating 
the management of data produced by 
instruments with the data associated 
with the materials you use in the lab. 
Integrating AnIML and SiLA with a materials 
management system would for example 
add detailed information about the purity, 
pH, and volume of your raw materials to 
your global data lake. From there, you can 
devise standard operating procedures that 

take variability in your raw materials into 
account. Welcome to the lab of 

the future: truly digitalized 
and automated.

The major challenge for 
companies today is that 
none of this is available 
out of the box: setting 
up interfaces between 

different systems remains 
a manual task. Our aim is to 

promote the use of standards such 
as AnIML and SiLA to make this possible, 

but the next stage will be for vendors 
to embrace FAIR (findable, accessible, 
interoperable, and re-usable) principles 
in the design of their software systems –  
something of ever-increasing interest to end 
users and regulators. From our point of view, 
we’re happy to support all instrument 
vendors in adopting AnIML and SiLA 
as part of a wider push toward open 
data. We currently offer converters 
for 300+ instruments, and this number 
will increase rapidly thanks to the 
additional converters in development. 
Conver ters available now include 
those for complex CDS systems like 
Chromeleon and Empower.

The concept of open data is exciting, 
but we are at the beginning of this 
journey. In labs as a whole, adoption of 
AnIML is relatively low, but it is increasing. 
Early adopters tend to be the bigger 
players in pharma: those with the most 
complex laboratories feel the strongest 
pressure from authorities to ensure that 
their data are secure, and they’re often 
already using complex software systems 
like LIMS, which makes adoption more 
straightforward. 

Whatever the sense of urgency, I think 
few people would argue against a move 
toward FAIR data, which wasn’t the case 
just a few years ago. Most of us now 
recognize that the lab of the future must be 
open, digitized, and automated. Embracing 
open data standards is a step toward that 
future that we can all take today. 

bssn-software.com
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AnIML:  
Key Benefits 
• Long-term storage. Archiving data 

in a proprietary format often means 
you need the original application to 
open the data in the future. Open, 
standardized, multi-technique 
formats greatly reduce the number 
of software tools you must maintain 
to retain access to the data.

• Data interchange. Due to the 
proprietary nature of instrument 
data files, sharing data with other 
scientists is challenging. Although 
standards exist to address this 
issue, they only apply to particular 
measurement methods. AnIML 
is a universally accepted standard 
that supports multiple techniques, 
making data exchange much easier.

• Regulatory compliance. Certain 
regulations require electronic 
signatures on data records. AnIML 
supports such regulations by 
providing a standardized way 
of applying digital signatures to 
scientific data. Changes to AnIML 
documents can also be recorded 
in the built-in audit trail. And, to 
further increase security, audit trail 
entries can be digitally signed.

• Cross-technique data mining. 
Having data from multiple 
techniques in the same format 
allows cross-technique data analysis 
and provides a solid foundation for 
data mining tools.

• LIMS integration. Rather than 
implementing a LIMS interface for 
every instrument, you can establish 
a single AnIML interface from 
which LIMS would extract the 
required information. 
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A foodie’s heaven. Recent years have seen a 
large growth in the untargeted metabolomics 
data available to researchers in the food space. 
But this brings its own challenges, such as 
correctly identifying the many MS signals 
present in a sample. Now, Pieter Dorrestein 
and his team at The University of California 
San Diego have created foodMASST: a mass 
spectrometry search tool combined with a 
reference database of food metabolite data 
that is capable of unpicking the complicated 
molecular landscape of foods and beverages. 
Though similar tools exist, foodMASST 
is the only one able to match spectra from 
both known and unknown molecules 
in single ingredients and complex foods 
and beverages. 

Probing the proteome. Julia Laskin 
and Neil Kelleher have teamed up to 
provide better insight into the differential 
expression of proteoforms in the brain. 
How? By using top-down proteomics 
and nanospray desorption electrospray 
ionization MS imaging (nano-DESI 
MSI) to directly image proteoforms in 
rat brain tissue. Overall, they managed to 
create spatial maps of forty proteoforms 
of nineteen distinct proteins. This is, in 
fact, the first paper to show differential 
proteoform expression in different 
regions of a brain. The hope is that as 
the technology continues to advance, we 
might soon be able to analyze proteoforms 
in human tissues and explore their use as 
disease biomarkers. 

PrecivityAD. It looks like MS-based 
Alzheimer’s screening could be here 
sooner than previously thought. JAMA 
Network Open has just published the 
combined results of two independent 
studies looking at the performance of 
Precivity AD – an MS-based blood test 
for Alzheimer’s. Specifically, the method 
uses high resolution MS to measure the 
plasma amyloid-β 42:40 ratio in blood 
to detect brain amyloidosis in patients 
with cognitive impairment. In total, 686 
patients took part in the clinical study. A 
clinical diagnostic score was developed 
for the test, which the authors call the 
Amyloid Probability Score (APS). The 
results suggest that the APS could aid 
physicians in more accurately diagnosing 
their patients, improving access to care. 

A match made in heaven? Native mass 
spec and cryo-electron microscopy (EM) 
– together at last! In the latest offering from 
Josh Coon’s lab, a modified Orbitrap MS 
system is shown to be capable of depositing a 
native MS ion beam onto EM grids. In their 
paper, the team obtains a 3D reconstruction 
of a 800kDa protein complex - GroEL - 
from gas-phase deposited ions, finally 
providing evidence that protein complexes 
do in fact retain their structure in the gas 
phase. Their “matrix-landing” method 
could eventually allow direct coupling of 
cryo-EM to MS, expanding the scope of 
this technology and opening new avenues 
in the field of analysis. 
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High-resolution imaging MS 
enables spatial metabolomics 
profiling of 362 gastric 
cancer patients, providing 
tumor-specific subtypes to aid 
treatment approaches. 

A boon for biotherapeutic 
discovery: IMS-MS approach 
elucidates higher order structures 
of monoclonal antibodies. 

New Python application 
programming interface, 
DEIMoS, enables improved 
processing of high-dimensional 
MS data.  

Post-acquisition computational 
method for DESI-MSI 
datasets reduces observed mass 
drift by 60ppm.  

Vacuum ultraviolet Kr lamp 
method shows promise for 
chemical ionization MS analysis 
of atmospheric ammonia.  

References available online 
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“The phone has been ringing every 
couple of minutes! All these years 
we’ve been doing research we think is 
important and doing our best to get 
published – but very rarely does a project 
catch on so globally! It’s been amazing. 
We are currently on 402,000 views for 
the paper.”

Earlier this year, Richard van Breemen 
and his team published a paper stating 
that cannabinoids were capable of 
blocking cellular entry of SARS-CoV-2 
(1). As you might imagine, people were 
excited. Very excited. In fact, you may 
recall reading headlines that claimed 
smoking weed stops COVID-19. These 
claims were outlandish – but where 
there’s smoke, there’s fire (sometimes). 

The team’s  re sea rch focused 
specifically on the role of cannabinoid 
acids – CBD-A, CBG-A, and THC-A. 
And though smoking these compounds 
won’t do much (doing so would convert 
them into forms that are not known 
to prevent cellular entry of the virus), 
dietary supplements could be an effective 
route of administration – and this is what 
the team decided to focus on. Using 
affinity selection-mass spectrometry, 
the group were able to determine that 
the three cannabinoids were potential 
orthosteric or allosteric inhibitors of the 
viral spike protein. To further test their 
efficacy, live virus was incubated with 
25 μg/mL of either CBD-A or CBG-A 
and then used to infect Vero 6 cells. 
After 24 hours, they found an absence 
of SARS-CoV-2 viral RNA in the cells. 

Importantly, they found that CBD-A 
and CBG-A blocked both infection of 
the original live virus, as well as variants 
of concern, including the B.1.1.7 and 
B.1.351 strains. We spoke to lead author, 
Richard van Breemen, to find out more. 

Your paper received an impressive 
reception. Were you surprised by that 
at all?
I was certainly surprised by just how 
positive the response has been. I was 
expecting at least some pushback, with 
people saying the research doesn’t really 
mean anything or wondering why it was 
getting so much attention. But people 
haven’t really been criticizing it. I’ve 
even had phone calls from people to say 

thank you because they now understand 
why they didn’t get sick after attending 
a gathering where everyone else got 
COVID – it’s because they were taking 
some sort of cannabinoid extract. I’ve 
heard a lot more of these anecdotal 
stories since our paper came out. 

You’ve been studying hemp for years. 
What made you turn your attention to 
COVID-19 specifically?
I’ve been interested in natural products 
as sources of drugs my entire career – 
and using mass spectrometry to explore 
these compounds. This forms the basis 
of the work I do at the Global Hemp 
Innovation Center at Oregon State 
University, where we are looking at the 

Cannabinoids 
and COVID-19
Richard van Breemen tells 
us about his latest research 
showing that CBD-A and 
CBG-A are effective cell entry 
inhibitors of SARS-CoV-2

www.theanalyticalscientist.com
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medicinal applications of hemp products 
including cannabinoids and other hemp 
secondary metabolites. 

There were two reasons I turned 
my attention to COVID-19. Firstly, 
as we all know, when COVID hit 
many laboratories had to shut down. 
The exception to this at Oregon State 
University was if you were doing work 
on COVID-19 – so it just made sense to 
start looking at the virus. At the same 
time, I’d started to recognize a pattern 
emerging in the US COVID deaths by 
state in 2020 and 2021; the top 10 states 
with the lowest death rates were those 
that had legalized marijuana. Conversely, 
those with no legal form of cannabis had 
the highest death rates. My wife – an 

expert in health data and informatics – 
has since made me well aware that there 
are too many variables to ever be able to 
confidently draw conclusions from such 
sparse data. But I can’t deny it having 
an influence on my decision to turn our 
research focus onto COVID-19! 

We knew the mechanism through 
which antibodies enveloped the spike 
protein and prevented it from interacting 
with the immune system, so we reasoned 
that a small molecule from a natural 
product source could potentially have 
the same effect. We began searching 
for ligands to the viral spike protein, 
and we decided to start with dietary 
supplements as they are already being 
used in humans – meaning if we did 
find something, they could potentially 
be approved for use very quickly. 

Using MS for natural product drug 
discovery is something you’re clearly 
passionate about. How does this 
technique enable the sort of research 
you’re doing? 
A long t ime ago, combinatoria l 
chemistry became the latest and greatest 
innovation in drug discovery, but we 
recognized there was a need for higher 
throughput methods of screening and 
testing new compounds to see whether 
they are active in any particular 
pharmacological assay. We responded 
to this need by taking advantage of mass 
spectrometry’s sensitivity and specificity. 
While the pharmaceutical industry went 
in the direction of synthesizing one 
compound and testing it individually 
in assays, we took the approach of 
pooling a combinatorial library into 
mixtures of around 3000 compounds 
each and assaying them simultaneously 
using a technique we helped pioneer 
called affinity selection MS. By the 
early 2000s, we realized that this same 
approach could be applied to natural 
product mixtures. We’ve been doing 
this type of research ever since.

How has MS evolved since you began 
working with it?
I was first introduced to MS as a graduate 
student in Catherine Clarke Fenselau’s 
lab at Johns Hopkins School of Medicine 
in the 1980s. And Catherine introduced 
MS to her PhD mentor, Carl Djerassi – 
who wrote some of the early books about 
how we use MS for steroid structure 
determination and the like. So I’m sort 
of the grandchild of Carl Djerassi and 
the era of organic MS, and I represent 
the (current) era of biomedical MS. 

I taught spectroscopy for many years 
to medicinal chemists – I tackled MS 
and infrared spectroscopy (IR) and my 
colleagues taught things like nuclear 
magnetic resonance spectroscopy 
(NMR) and X-ray crystallography. 
What we learned early on was that two of 
the following methods could be used for 
the complete structural determination of 
a new molecule: either MS and NMR, 
or MS and X-ray crystallography. So for 
me, MS has always been a fundamental 
part of natural product structure 
determination. 

“I was first 
introduced to MS 

as a graduate 
student in 

Catherine Clarke 
Fenselau’s lab at 

Johns Hopkins 
School of Medicine 

in the 1980s.”
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In recent years, we’ve seen an explosion in 
the applications of MS – and most of these 
were unimaginable 40 years ago. I remember 
arguments about whether MS-based peptide 
sequencing could ever compete with 
approaches such as Edman degradation. 
Today, MS dominates this field. I remember 
submitting grant proposals in the 1980s and 
1990s to use MS for sequencing proteins. 
One of the critiques I got back was that MS 
would never be capable of determining the 
structure of large molecules like  proteins. 
I ended up backing away from that area – 
today we call it proteomics! I received similar 
critiques of my grant proposals for using MS 
to show how a small molecule would prevent 
cell entry of a virus – I won’t be backing 
down this time.

Could you tell us about the magnetic 
microbead approach you used in 
this study?
We often hear about finding drugs from 
combinatorial libraries as finding the 
needle in the haystack. Think of the 
mass spectrometer as the magnet that 
finds the needle in the haystack. In the 
case of MagMass (Magnetic Microbead 
Affinity Selection Screening), this can be 
taken quite literally. MagMass involves 

tethering the pharmacological target 
(for example, a receptor) to a magnet 
microbead, incubating that with a 
mixture of small molecules, and using 
a magnetic field to pull the beads to the 
bottom of a well plate. You are then able 
to wash anything away that isn’t bound, 
and inject the bound molecules into the 
mass spectrometer for screening. 

The great thing about affinity selection 
MS (AS-MS) is that we can discover both 
orthosteric and allosteric ligands – in other 
words, ligands that don’t necessarily bind 
to the active site. Once we find the ligand, 
we don’t know how it binds. We usually 
add a known orthosteric ligand and see 
if it competes with the new molecule for 
this site. If we are testing for inhibition of 
an enzyme, we can carry out a functional 
enzyme assay to determine whether it’s 
an allosteric inhibitor. We think that 
CBD-A and CBG-A may work better 
when combined, and this is something 
we are going to be investigating further.

Another key benefit of AS-MS is speed 
– the bond between ligand and receptor 
is non-covalent, meaning the longer the 
complex is isolated, the more ligand is 
lost. Ultrafiltration takes a few minutes, 
size-exclusion chromatography takes a 
little longer, but MagMass can be done 
very rapidly. It’s the fastest method we’ve 
found to separate the bound from the free 
and then isolate the ligand complex with 
the macromolecular target.

Any surprises along the way?
It was surprising that CBD-A, CBG-A, 
and THC-A were the best ligands for 
the spike protein. There are so many 
cannabinoids, but hardly any of them bind 
to the spike protein – for example, we know 
that CBD and CBG in their decarboxylated 
forms do not block cell entry. It was very 
exciting to find that not only could these 
acidic forms bind, but they could function 
to block infection at the cell entry step. Our 
live virus testing also showed that there was 
equal activity against two variants of the 

virus that had just become available – that 
was great news. 

You mentioned some of the challenges 
around research in cannabis – like being 
able to get your hands on enough THC 
for your research. 

Extremely small levels of controlled 
substances (like THC-A) can be purchased 
for analytical qualitative analysis. So, this is 
what we did. As many will know, the legal 
difference between marijuana and hemp 
is the amount of THC, meaning THC 
levels are very low in hemp. Our initial 
experiments showed THC-A was binding 
to the spike protein, but unfortunately 
THC-A is a controlled substance in the US 
as it can be easily decarboxylated to form 
THC. We would have needed to apply for 
a special license to get the levels of THC-A 
we needed for live virus testing, and our 
main focus was to get the experiments done 
as quickly as possible so we could share the 
results and get the ball moving on some 
viable treatments. 

We are really hoping we can move 
to establish clinical trials very quickly – 
whether we know it or not, we have been 
doing human testing of CBD-A and 
CBG-A for a long time already, so they 
have a good safety profile. Hopefully this 
will save some time on the usual few years it 
takes to establish a safety profile in humans. 

Is THC-A something you are looking 
to explore in the future? 
Absolutely, we’d love to continue our 
studies with THC-A and see if it’s 
effective at preventing cell entry as well. 
Every successful experiment brings up new 
questions to explore. There are so many 
experiments we’d love to do off the back 
of this paper – we are only constrained by 
regulations and funding. As we overcome 
those hurdles, I am certain we will 
continue to publish more exciting work.

Reference
1. R van Breemen et al., J Nat Prod 85, 176 

(2022). DOI: 10.1021/acs.jnatprod.1c00946

“It was very 
exciting to find that 
not only could these 
acidic forms bind, 
but they could also 
function to block 
infection at the cell 
entry step.”
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Benchmarking 
MS-based 
COVID-19 
Research
What does analysis of 
the last three years of 
literature tell us about MS-
based research during the 
pandemic?

To gain some insights into how 
mass spectrometry has been used for 
COVID-19 research, we searched 
PubMed for relevant literature on the 
topic. Below, you can see an analysis 
of the results.

PubMed was searched for “mass 
spectrometry” OR “mass spec” AND 
“COVID-19” OR “SARS-CoV-2”.

Publications per year

Top 10 Countries

1 US = 135
2 China = 87
3 Germany = 43
4 India = 40
5 UK = 39
6 France = 29
7 Canada = 20
8 Italy = 16
9 Spain = 15
10 Turkey = 13

The most prolific countries according to 
author affiliations 
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Keywords sorted by importance

1 Mpro
2 coronavirus
3 repurposing
4 ACE2
5 glycoproteomic
6 pandemic
7 metabolomic
8 mass
9 3CLpro
10 interactome

2021: 
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2020: 
122

2022:
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The world of analytical science was very 
different in 1962; high-performance liquid 
chromatography (HPLC) was just a theory 
being explored and tested, and we wouldn’t 
see the first computer-controlled GC-MS 
instruments until later in the decade. The 
wider world was different too; the Iron 
Curtain divided Europe – and KNAUER’s 
home city of Berlin into East and West. 

It was in a leafy suburb of the Western 
part of the city, Zehlendorf, where 
Herbert Knauer – a chemist, working as 
a researcher at the Technical University 
(TU) in Berlin – spent his afternoons and 
weekends tinkering in the kitchen – but not 
as an amateur chef; instead, he was cooking 
up new scientific instruments with a key 
ingredient – a head full of wonderful ideas.

There, his first invention was born 
– a universal temperature measuring 
device that could measure down to 
one thousandth of a degree – the 
most accurate temperature 
device in the world at the 
t ime .  Nex t  fo l lowed a 
freezing point osmometer, 
which proved to be hugely 
popular and was the start of 
a bright future for KNAUER 
Wissenschaftliche Geräte 
GmbH – KNAUER Scientific 
Instruments in English. 

Spurred on by their 
r e c e n t  s u c c e s s e s , 

Herbert and Roswitha 
Knauer, his business 
par tner and wife, 
dreamed big. They 
purchased a large 
p iece of  l and 
in Zehlendor f 
and built a new 
h e ad q u a r t e r s 
with more than 
4,500 m2 of floor 
space for their 20 
employees – plenty of 
room for the workforce 
to keep on expanding. In 
fact, they had a whole floor to use as 
a tennis court… 

In the early seventies, Herbert began 
working on the device that KNAUER 
would become renowned for: a HPLC 
system. Interest in HPLC systems was 
growing at that time thanks to their 
ability to conduct analyses and purify 
valuable compounds; but the technology 
was not yet optimized – at least not to 
Herbert’s satisfaction. 

The first generation of HPLC systems 
were clunky and difficult to work with. 
Their components, such as the pumps 
and detectors , were all contained 
within the same casing, making repairs 
or replacements dif f icult . Herber t 
recognized a problem he needed to solve. 
From KNAUER’s Berlin HQ, he worked 
alongside chemists and researchers from 
TU and the Max Planck Institute to 

develop the solution: the 
first modular HPLC 

system. Here, each 
component could 
be easily swapped 
ou t ,  mean i ng 
dif ferent pump 
and de tec tor 
comb i na t i ons 
could be selected 

and repairs carried 
out – this design 

would soon become 
s t anda rd  fo r  HPLC 

systems the world over. 
Over the next 50 years, the KNAUER 

liquid chromatography portfolio grew to 
include fast protein liquid chromatography 
(FPLC) and simulated moving bed 
chromatography (SMBC). And there’s no 
longer a tennis court at the KNAUER HQ 
– in its place you’ll find a system assembly 
line and an in-house applications lab. 

The company’s exper tise in the 
engineering of liquids at high pressure 
have recent ly taken them on a 
new adventure: NanoProducers – 
high-pressure mixing units for the 
formulat ion of mRNA vaccines . 
These systems are already being 
used globally to f ight COVID-19 and 
also earned the company a visit from 
Angela Merkel – just two days shy of 
Herber t Knauer’s 90th bir thday. 

And though Herber t and Roswitha 
passed the reins of their company to 
their daughter Alexandra Knauer in the 

year 2000, Herber t’s love for 
science and technology has 
endured; he remains a familiar 
face at KNAUER HQ, where 
he can be seen tinkering with 

the components in their 
HPLC systems. 

KNAUER turns 60 this 
year, proving that, though 
t he  wor ld  i nev i t ab l y 

changes, passion can endure! 

Celebrating 
KNAUER’s Diamond 
Anniversary  
When Herbert and Roswitha 
Knauer founded KNAUER 
Scientific Instruments in 1962,  
the world was a very different 
place – but, despite the passage 
of 60 years, the famous Knauer 
passion has endured.

www.knauer.net 
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Do you love that “new car” smell? In 
China, manufacturers generally try 
to eliminate the recognizable odor; in 
the US, you can buy fragrances that 
emulate it. But what makes up the 
aroma? For the first time, the odorants 
from vehicle interiors were investigated 
using gas chromatography-olfactometry 
combined with descriptive sensory 
analysis. Using this approach, 41 
potent odorants were detected, and 39 
odorants were successfully identified 
by 2D GC-MS. The most dominant 
odorants included esters, saturated and 
unsaturated aldehydes, unsaturated 
ketones, rose ketones, phenolic and 
benzene derivatives, and pyrazines. 

Cra nber r y  c row ned k ing.  T he 
nutraceutica l market has grown 
significantly in recent years, with many 
pharma companies manufacturing 
products based on different plant 
leaves, flowers and fruits thanks to 
their medicinal (mostly antioxidant) 
properties.  Flavonoids represent 60 
percent of nutraceutical polyphenolic 
compounds, and so a team of researchers 
from the University of Barcelona have 
used a new method to determine 
polyphenols in nutraceutical samples, 
based on solid-liquid extraction and 
liquid chromatography. The super 
short version: cranberry samples were 
the richest in flavanols and artichoke 
samples were at the bottom of the list.

Take a deep breath. The FDA has issued 
an emergency use authorization for 
InspectIR’s COVID-19 Breathalyzer 
– the first breath-based diagnostic that 
uses GC-MS for analysis of volatile 
organic compounds produced by the 
body when it’s fighting off COVID-19. 
The decision cited studies showing the 
breathalyzer was 91.2 percent sensitive 
(the percent of positive samples the test 
correctly identified) and 99.3 percent 
specific (the percent of negative samples 
the test correctly identified), with a false-
negative rate of less than one percent, 
according to the agency.

Long COVID’s hidden impact? 
Researchers from India have discovered 
that COVID-19 alters levels of fertility-
related proteins in men, via LC-MS/
MS proteomic analysis. The pilot 
study – involving 10 healthy men and 
17 men who had recently recovered 
from COVID-19 – suggests that even 
mild or moderate illness could reduce 
sperm count and motility, as well as 
reduce the number of normally shaped 
sperm. When the researchers analyzed 
semen proteins, they found 27 proteins 
at higher levels and 21 proteins at lower 
levels – many of which are involved in 
reproductive function – in COVID-
19-recovered men compared with the 
control group. 

 I N  O T H E R  N E W S 

Henan Normal University, 
China, team develops 
a modified method for 
determining fatty acids in 
small fish samples – including 
lipid extraction, column 
selection, chromatographic 
condition optimization, and 
data analysis. 

Sticking with fish… The 
German Federal Institute for 
Risk Assessment (BfR) breaks 
new ground in detecting 
ciguatoxin in fish, even when 
the fish’s origin is unknown, 
using LC-MS.  

It isn’t possible to consistently 
predict isocratic retention 
factors – helpful for simulating 
liquid chromatography 
methods – for small molecules 
with accuracies better than 10 
percent, researchers find. 

LC-IM-MS method enables 
multidimensional separation 
of 16 glucocorticoids in three 
dimensions; promising results 
in favor of its use in clinical 
settings.

References available online
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By Oliver J. Schmitz

In June, more than 30,000 visitors 
will converge on the Bavarian capital 
for Analytica. And on June 21, the 
Separation Science Working Group of 
the Society of German Chemists will be 
serving up a series of chromatography-
focused sessions – which I chair – 
in Hall 5 of the Munich Congress 
Center. To get the juices flowing, we 
will ask a provocative question: “Gas 
Chromatography – boring or is there 
something new?”

First, Peter Boeker from the University 
of Bonn, Germany, will update attendees 
on developments in flow-field thermal 
gradient gas chromatography – a 
novel and now commercially available 
hyperfast GC, which can reduce GC 
analysis times from 20 minutes to under 
one minute. I’m fascinated to hear more 
about Peter’s work in this area, and 
visitors will have the opportunity to 
talk to him personally. (The Analytical 
Scientist has delved into Peter’s world 
a couple of times, most recently here: 
https://theanalyticalscientist.com/
techniques-tools/hyper-fast-gc)

Following this, Giorgia Purcaro from 
the University of Liège, Belgium, will 
give a presentation on a novel coupling 
of LC with GCxGC-TOF-MS for the 

analysis of mineral oil contaminants 
in food (MOSH and MOAH). She 
will describe a fully integrated and 
automated platform for qualitative 
and quantitative purposes, an efficient 
extraction step using microwave-assisted 
saponif ication, and simultaneous 
extraction of contaminants before LC-
GCxGC analysis. This coupling shows 
outstanding separation performance 
and high selectivity thanks to TOF-
MS detection.

The last lecture in this session will be 
given by the internationally renowned 
Philip Marriott from Monash University, 
Australia. He’ll be making a plea for 2D-
GC – showing that a one-dimensional 
chromatographic analysis just won’t do 
for certain complex samples. 

After lunch, we’ l l be shif t ing 
to chromatography coupled to ion 
mobility-mass spectrometry and asking: 
Does it have potential? Are there any 
major challenges? Various industry 
experts from Thermo Fisher Scientific, 
Waters, Agilent and Bruker will provide 
the answers. Topics include high field 
asymmetric waveform ion mobility 
spectrometry (FAIMS), cyclic traveling 
wave ion mobility (cTIMS), DTIMS, 
and IM Resolution, and high sample 
throughput with trapped ion mobility 
mass spectrometry (TIMS-TOF).

After a caffeine hit, scientists from 
various universities and research centers 
will take the stage. David Ruskic from 
the University of Geneva, Switzerland, 
will cover modifier-assisted differential 
mobility spectrometry for qualitative 
and quantitative LC-MS/MS analysis; 
David Ropartz from INRAE in Nantes, 
France, will talk about an application 
with cycl ic travel ing-wave IMS 
coupled with liquid chromatography 
for isomeric level characterization of 
oligosaccharides; Stephan Hann from 
BOKU in Vienna, Austria, will cover 
drift tube ion mobility as a reference 
point for measurement standards in IM-
MS; and Uwe Karst, from the University 
of Münster, Germany, will talk about 
the analysis of adduct formation of 
proteins and xenobiotics.

We will also present the Eberhard 
Gerstel Prize for an outstanding 
publication in the field of separation 
science; the €3000 prize, aimed at 
young scientists, rewards originality, 
significance, and independence.

The sessions promise to be anything 
but boring, I hope you’ll agree!

Oliver J. Schmitz is a Full Professor of 
Applied Analytical Chemistry in the 
Faculty of Chemistry, University of 
Duisburg-Essen, Germany

Analytica 2022: 
The Separation 
Scientists 
Takeover!
Munich, with its alpine vista, 
world-famous beer halls, and 
international flair is always 
worth a visit – especially, 
if you’re interested in 
chromatography O
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What is the state of chromatography 
today?
People use the word “mature” when 
they describe GC or LC. But this 
attitude may be part of the reason why 
development and refinement has begun 
to plateau. The state of the science is 
certainly stable and robust, but there 
are still many gains to be made to 
accomplish overall goals: increased 
throughput, improved detection limits, 
improved separations… One of the most 
exciting things about GC×GC is that 
it causes us to rethink what is possible 
for a gas-liquid separations. What we 
might have been happy with 20 years ago 
for a typical GC separation is no-longer 
acceptable thanks to advancements in 
this area – it’s caused us to strive for 
improved resolution, especially when 
dealing with very challenging analyses.

Do you have any “top tips” for getting 
the most out of a given instrument or 
technique?
Probably the biggest hint I can 
give is to truly understand how the 
instrument or tool you are using actually 

works. So often I see people that use 
chromatography or mass spectrometry as 
a tool – without a good grounding in the 
basics. This can leave people unequipped 
to determine when data is sound or not – 
and they’ll certainly have a difficult time 
returning a failed instrument back into 
service! Instruments are considerably 
easier to operate today than they were 
30 or more years ago, which is a nice 
benefit, but users are becoming less 
sophisticated in their understanding 
of these instruments as a result. We 
do not want to lose this skill. The same 
challenge pertains to sample preparation 
– one of the least glamorous areas of 
our profession. And yet, a detailed 
understanding of what actually occurs 
on a chemical level during various 
stages of sample preparations is critical 
to producing the highest quality data 
or developing a new analytical method.

What do you see in your crystal ball 
for chromatography’s future? 
I think we will see a change in the physical 
column formats for both GC and LC. 
Both of these “mature” fields produce 
columns that exhibit nearly 100 percent 
of their theoretical efficiency. There is 
very little we can do to further the 
separation power of what we use today 
without a fundamental change in the 
columns themselves. We have spent 
a lot of time refining and advancing 
instruments, but relatively little on 
the columns. There have been a few 
incremental improvements, for sure, 
but it has not significantly impacted 
what we are able to separate, identify, 
and quantify. Multidimensional 
chromatography has certainly 
allowed us to realize a 
significant improvement in 

resolution, but it also uses the same 
column formats. I think we will see 
something in the future that allows 
for a step-change in resolving power, 
allowing the field to overcome current 
separation challenges.

Chromatography 
Revolution Now!
What’s on the horizon for 
chromatography? Frank L. 
Dorman, Resident Scholar at 
Dartmouth College, former 
Associate Professor at Penn 
State, and Senior Principal 
Environmental Market Manager 
at Waters Corporation, expects 
changes to physical column 
formats – for both GC and LC.
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“So often I see 
people that use 

chromatography or 
mass spectrometry 

as a tool – without 
a good grounding 

in the basics”
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What is the single biggest challenge 
facing the field in 2022 – and beyond?
Similar to all other sciences, our field 
risks being drawn into this pit fight where 
the focus is not on the quality of our 
methods but the quantity of meaningless 
numbers. If I look at multidimensional LC 
specifically, I am baffled by the increasing 
number of publications that proudly report 
complicated systems where the number of 
dimensions go ever higher.

Why do we desire four-dimensional 
(4D), 5D or 6D analytical systems? We 
haven’t even learned how to efficiently 
use our current sophisticated systems yet! 
We cannot even handle the data being 

produced by LC×LC-MS systems and 
yet our strategy to solve the analytical 
challenges seems to be to just add more 
complexity to the system to generate even 
more data! 

As a community, we have developed 
amazingly powerful separation systems 
combining LC and MS. We ought to 
learn how to use them more effectively 
and robustly rather than solving the 
analytical problem by complicating it 
further. Perhaps then, after having been 
here for decades, 2D-LC will find its way 
into more environments.

Do you have any strong opinions with 
which the rest of the field tends to 
disagree?
Well, it is not exactly an opinion that 
no one shares, it is just an opinion that 
people prioritize differently. I have often 
noticed during various meetings, but also 
in peer groups, that people around me have 
great scientific ambitions – to invent this 
amazing detector, to achieve high-impact 
goals in life sciences, to cultivate this very 
prestigious research group... I understand 
all these ambitions, but it does make me 
wonder if I am the only one to feel quite 
differently.

To me, a (scientific) academic career is 
first and foremost all about maintaining 
and transferring knowledge. Teaching! 
Politically, we see all around the world 
that maintaining knowledge in society is a 
huge issue. I’d argue, based on what I have 
seen thus far during my limited career, that 
the same is true in science. I personally 
try to focus on teaching, I am grateful 
that the academic pursuit allows this 
to be combined with science, yet notice 
that many scientists around me often see 
educational tasks as a burden. 

When doing projects alongside me, 
students – whether they are undergraduate, 

graduate, or PhD – have given me the 
inspiration for most of my work. They 
intercept (fortunately, Dutch people are 
known to be direct, and students will just 
bluntly tell me when what I say makes no 
sense) my tunnel vision and lead me to 
question everything I have done so far 
scientifically. 

In the end, their career – like ours – 
starts in a classroom. It is there that we 
can inspire them, and it is there that we 
must transfer knowledge. Innovation 
(and thus our energy) is needed in this 
classroom because, if we can train and 
inspire 100 students through our career, 
our impact will be much larger than when 
we individually strive for high-impact 
publications. Why do we have to invent 
this next best detector? Our students can 
do this with us – or even for us, if we 
maintain a healthy system. 

If you weren’t an analytical scientist, 
what would you be doing?
If I wasn’t doing analytical chemistry 
research specifically, I would be teaching 
chemistry or a similar course in high 
school. I originally studied chemistry with 
the idea of becoming a teacher in high 
school. Maybe I’ll still land there one day...

Musings from 
the Power List: 
Bob Pirok
Bob unveils the biggest 
challenge facing the field, 
his mentors, and some of his 
“strong opinions”…

“To me, a 
(scientific) academic 
career is first and 
foremost all about 
maintaining and 
transferring 
knowledge.”

www.theanalyticalscientist.com
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On April 24, 2022, the founding couple of KNAUER,  
Dr. Herbert Knauer and Roswitha Knauer, celebrated their diamond wedding 
anniversary. Besides their affection for each other, their passion for advancing 
science with measuring instruments unites them to this day.
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The spectral war on drugs. Researchers 
from the Federal University of Espírito 
Santo, Brazil, coupled Raman spectroscopy 
with principal component analysis (PCA) 
to analyze samples of cocaine, crack – 
including their main adulterants and 
diluents – as well as tablets of ecstasy and 
alcoholic solutions contaminated with 
benzodiazepines. They were able to identify 
the illicit drugs even in the presence of 
contaminants. The PCA model verified 
trends in the contamination of most seized 
samples, indicated natural groupings of 
samples according to the main designer 
drugs present, and was able to distinguish 
pure alcohol from adulterated solutions. As 
such, the authors concluded that portable 
Raman paired with chemometrics tools is 
suitable in the screening of drugs of abuse.

A welcome sight. As part of the EU MOON 
(Multimodal Optical Diagnosis of Ocular 
and Neurodegenerative Disease) project, 
Medial University of Vienna researchers 
have designed a novel eye scanner, 
combining Raman spectroscopy and 
optical coherence tomography (OCT). This 
scanner not only provides a high-resolution 
image using OCT, but also adds molecular 
information to the visualization of internal 
eye structures, enabling spectroscopic 
and functional identification of tissue 
status. The authors described the eye as a 
“window to the brain,” highlighting that 
the technology could be used to investigate 
neurodegenerative disease.

Test the water. In an effort to protect the 
aquatic environment, researchers from the 
University of British Columbia, Canada, 
set out to quantify levels of naphthenic 
acids (NAs) and phenol produced in oil 
sands process-affected water (OSPW). 
Using fluorescence spectroscopy, they 
were able to reliably detect key toxins in 
natural surface waters. Additional machine 
learning techniques – convolutional neural 
networks (CNN) – improved detection 
accuracy in the presence of confounding 
data from organic matter in natural waters, 
especially for phenol detection. According 
to the researchers, this study was the first 
to use CNNs to interpret fluorescence data.

Affair of the heart. Using NMR 
spectroscopy, Australian National 
Phenome Center researchers have been 
able to measure increased cardiovascular 
risk markers in COVID-19 and post-
acute COVID-19 syndrome patients. 
In a press release, one of the authors, 
Jeremy Nicholson, noted that these 
markers are also of wider significance 
in assessing long term cardiovascular 
disease and can be easily measured 
using rapid NMR methods. “The high 
speed and reliability of this approach, 
with minimal sample preparation, lends 
itself to large scale clinical translation,” 
he said. The researchers noted their wish 
to continue their molecular phenomics 
research to better understand metabolic 
drivers of disease. 
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Fiber optic probe-based 
Raman spectroscopy enables 
real-time molecular imaging, 
rapidly characterizing large 
tissue areas, making it highly 
suitable for clinical tissue-
boundary demarcation. 
 
Bruker releases customizable, 
automated benchtop FT-
NMR device for forensic 
narcotics analysis. 

Kavli Institute adapts 
technology originally designed 
for space observation to 
develop biomedical imaging 
system, capturing images of 
multiple radionuclides 
in mice.  

Thermo Fisher Scientific
releases a new Raman
spectroscopy analyzer for
biopharmaceutical process
monitoring, promising
“ fully automated in situ
measurements.”

References available online
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Could you give me a broad overview 
of some of the biggest developments in 
spectroscopy over the past decade?
Karen Esmonde-White: The application 
of some more sophisticated chemometric 
and machine-learning art if icia l-
intelligence technologies are definitely 
up there. Even as somebody who doesn't 
use them, I can still see from a distance 
the impact they’re having by allowing 
people to get useful information out of 
spectra more easily. That’s really exciting 
to watch!

Rob Lascola: I agree. The integration 
of artificial intelligence and machine 
learning with spectroscopy is amazing. 
They’re enabling real-time analysis and 
intelligent mapping of observable areas, 
which promises to give significantly 
faster and more accurate analysis and 
results for some applications, such 
as cancer detection. And it can really 
help make point of care treatment 
and diagnostics more feasible. It’ll be 
fascinating to see how this progresses 
going forward.

Tell me about your current work 
and how it fits into the trends you’re 
seeing…
Lascola: Compared to graduate school, 
my work is much less technically 
complex; it's now a lot of absorbance 
spectroscopy, conventional l inear 
Raman spectroscopy, and even some 
X-ray work. But what’s gotten more 
complicated is the application area. I’m 
studying nuclear materials, and doing 
measurements in our nuclear materials 
processing facilities. Essentially, I’ve now 
traded experimental setup complexity 
for being able to make measurements 
in highly radioactive or highly acidic or 
basic environments. It’s been challenging 
in a completely different way but also 
very rewarding because I get to see how 
my efforts affect the work of others.

Esmonde-White: It’s interesting that 
Rob notes how instrument complexity is 
decreasing but the application complexity 
is increasing, because that’s exactly what 
we’re seeing in Raman. Over the past 20 
years, we’ve observed complex instruments 
that took a long time to master becoming 
increasingly accessible and easier to use. 
We see it with infrared, we see it with 
Raman, and certainly with near-infrared 
spectroscopy. Increased accessibility 
allows users to address more complicated 
applications – particularly in the biology 
space. Much of the progress has to do with 
the knowledge of the field, but also with 
emerging technologies.

What is the single-most exciting 
development happening in 
spectroscopy today? 

Exciting 
Times For… 
Spectroscopy: 
With Karen 
Esmonde-White 
and Rob Lascola
We’re asking leading 
spectroscopists what they 
think is the single-most 
exciting development in 
spectroscopy today. For 
Karen Esmonde-White and 
Rob Lascola, it’s spatially 
offset Raman and artificial 
intelligence.
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Lascola: There are many choices, but 
I’m really impressed with spatially 
offset Raman spectroscopy. It’s exciting 
because we’re able to see light and make 
measurements in environments where 
you wouldn’t expect to. Normally, when 
you’re shining light on a sample, you 
have a very clear path for the light to get 
to it. But there are many situations where 
you don’t have a clear path; for example, 
if you have a sample inside a bottle or if 
you’re trying to measure tissues inside 
the body. Normally, the signal from the 
embedded sample is dominated by the 
surrounding material. But if you monitor 
the scattered light at a small offset from 
the position where the excitation light 
hits the material, the sample’s scattered 
light becomes more prominent. You have 
a lot more sensitivity to that embedded 
signal, ultimately giving you more power 
in your spectroscopic analysis.

Esmonde-White: I would agree with 
Rob on this. The realization that we can 
do Raman spectroscopy in turbid media 
and in layered samples and collect spectra 
from buried layers has been revolutionary 
for Raman spectroscopy. It’s especially 
important in the biomedical field where 
now you can get measurements through 

the skin to analyze subsurface bone or 
precancerous lesions, for example. It’s very 
exciting to see the potential of spatially 
offset Raman spectroscopy in this area. 
On a different note, it’s also starting to 

have an impact in art and conservation 
technologies; now, you don’t necessarily 
need to take a cross section of the sample 
to collect data from subsurface layers, 
which I think is really interesting! 

And are there any major challenges?
Lascola: With recent advances allowing 
instrumentation to be simplified and 
brought into a production environment, it 
is becoming increasingly easy to get data. 
And though you can't expect every person 
who’s going to use these instruments to 
be a spectroscopic expert, there still has 
to be some degree of knowledge. And 
this is another area where the instrument 
design can start to incorporate real-time 
evaluation of the quality of data. Some 
handheld instruments do incorporate 
such elements, but I’d like to see more 
intelligent guidance for acquiring data 
– aiding the “casual user” or somebody 
whose expertise is in a different area. 
Helping users get the right data so they 
can make the right analyses and the right 
decisions is something that will really 
help spectroscopic technologies come 
into more widespread use

Esmonde-White: Rob sa id that 
perfectly; I completely agree!

“The realization 
that we can do 

Raman spectroscopy 
in turbid media and 
in layered samples 
and collect spectra 
from buried layers 

has been 
revolutionary for 

Raman 
spectroscopy.”

tas.txp.to/0622/wasatch?pdf
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Researchers from the University of 
Alberta have developed a new form of 
chiral Raman spectroscopy: eCP-Raman 
(1). They claim that the technique, which 
combines electronic circular dichroism 
(ECD) and circularly polarized Raman 
(CP-Raman), can identify chirality with 
greater sensitivity than current methods.

There are a number of techniques 
researchers use to study chirality, 
but they all have limitations. X-ray 
crystallography requires a single crystal; 
NMR and HPLC require specific chiral 
shift agents/stationary phases; chiral 

tag-molecular rotational resonance 
(MRR) is only for small molecules; and 
ECD and optical rotatory dispersion 
(ORD) may not be sensitive or unique 
to all stereogenic centers – and the 
theoretical modeling needed to extract 
chirality information can lack accuracy. 

Vibrational circular dichroism (VCD) 
and Raman optical activity (ROA) are 
both highly sensitive to chirality and 
can be done in solution directly, but 
their signals can be weak and often 
require long acquisition times to obtain 
a good signal-to-noise ratio. The Alberta 
researchers showed that eCP-Raman 
can detect chirality with a sensitivity 
often much greater than regular ROA 
and comparable to ECD. eCP-Raman 
can also be measured using a regular 
ROA instrument. 

“Until now, researchers had not 
recognized the existence of eCP-
Raman in ROA experiments, and our 
discoveries provide a new mechanism for 

understanding this chiral phenomenon, 
and may help with the design of new 
chirality sensors,” says Yunjie Xu, 
a professor in the Department of 
Chemistry at Alberta and corresponding 
author of the study. 

In a study demonstrat ing the 
technique, the team untangled different 
chirality transfer mechanisms reported 
previously using ROA measurements. 
According to Xu, there have been a good 
number of reports about amplification of 
ROA features in complicated systems, 
including those with nanostructures. 
She says, “Whether such amplification 
is  caused by the specif ic inter/
intramolecular bonding interactions 
with the resonating chiral solute or 
not could be difficult to evaluate and 
we show that such specific interactions 
are not always needed for the large 
amplification observed.” 

Xu and her colleagues also showed that 
resonance ROA signals are generally 
contaminated by eCP-Raman signals. 
“The current work not only points out 
this crucial issue, but also offers ways to 
remove such contamination,” says Xu. 
“So the discovery should greatly aid 
the current theoretical development of 
resonance ROA.”

W hat ’s next for eCP-Raman? 
Though the technique is new, some 
recent applications have already been 
reported; for example, using it for the 
molecular structure information of a 
series of atropisomeric naphthalene 
diimides (2). Xu adds, “We are currently 
focusing on extracting resonance ROA 
of the Ni complex and related systems, 
and working together with theorists 
to evaluate/further develop theoretical 
models for resonance ROA.” 
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What connects quantum computers 
and migratory birds? They both rely on 
radical pairs…

First, a little spin chemistry… 
Radicals are atoms, molecules or ions 
that have an odd number of electrons 
and consequently an unpaired electron 
spin. When two radicals are formed 
as chemical reaction intermediates in 
tandem, they’re known as a radical-pair”

If the spins of the two lone electrons 
are aligned in parallel, they are in a 
“triplet state;” if their alignment is 
antiparallel, it’s called a “singlet state.” As 
radicals oscillate between these different 
electronic states, they can interact with 
magnetic fields, which can influence 
or control the chemical reactions (1). 
But because there is little difference 
between different spin alignments in 
terms of energy, they were not directly 
distinguishable optically – until now. 

Researchers from the Universities of 
Konstanz, Würzburg, and Novosibirsk 
have developed a new way to monitor the 
spin evolution in radical-pairs and read 
out the singlet/triplet ratio at specific 
points in time, using “pump-push 
spectroscopy” (2).

“In most experiments, spin evolution 
is deduced from the kinetics of product 
formation in the singlet and triplet 
channel,” says Ulrich Steiner, Professor 

of Soft Matter Physics at the University 
of Fribourg, Switzerland. “This is 
rather indirect and insensitive if spin 
realignment is faster than the chemical 
reactions.” 

First, Steiner and his team’s technique 
uses a pump laser pulse to initiate electron 
transfer from the donor to the acceptor 
molecule, which gives rise to the charge-
separated state with singlet spin. The 
uncoupled electron spins then evolve, 
before a second laser pulse “pushes” the 
electron back to the donor, forcing the 
system to make the decision between 
triplet or singlet product formation. Put 
simply, the technique makes it possible 
to take “snapshots” of the spin state of 
the radical pair at different times.

The researchers hope their work will 
lead to a better understanding of how 
migratory birds use the Earth’s magnetic 
field to navigate across vast distances 
– with previous researchers having 
argued that radical pairs play a key role 
within an ocular magnetically sensitive 
photoreceptor. The work could also open 
up new avenues in quantum computing 
(radical pairs can serve as a model 

for qubits) and in the field of organic 
solar cells. 

“In these fields, spin evolution of 
radical pairs is an essential component 
of an overall magnetic field effect, for 
example on the yield of a sensing state in 
bird quantum biology or on the magneto 
electroluminescence in OLEDs,” says 
Steiner. “The pump-push technique 
could provide direct, independent 
evidence of the spin dynamics preceding 
the respective final effect.”

“We hope for a wide application of the 
new technique throughout the scientific 
community dealing with spin effects in 
radical pairs. And improving the time 
resolution by employing shorter laser 
pulses would enhance the information 
gained from pump-push experiments.” 
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PAT on the back. Researchers from 
Vienna University of Technology used 
quantum cascade laser-based mid-
infrared (QCL-IR) spectroscopy for 
in-line monitoring of proteins from 
preparative liquid chromatography 
– an essentia l unit operation in 
downstream processing of complex 
biopharmaceuticals. The QCL-IR 
method, which the authors described 
as a “near real-time PAT tool,” was 
able to detect whole proteins quickly 
and accurately, while also providing 
additional information about their 
secondary structure.

Saying “bye” to batch. Many modern 
industries – automobile assembly lines, 
petroleum refineries and steel mills – 
have adopted continuous manufacturing, 
yet biopharmaceuticals are usually 
produced via batch processing. With 
promises of higher productivity, greater 
quality consistency, and reduced facility 
footprint, what’s the hold up? According 
to researchers from the Indian Institute of 
Technology Delhi, technology is key. In 
a recent review, the authors highlighted 
the various enablers, including novel 
continuous chromatography systems 
and data analysis tools. 

W hen  m a s s  s p e c  me e t s  m I F. 
NeoGenomics has expanded its 
strategic partnership agreement with 
Biognosys AG. The companies have 

designed a new approach to analyze 
proteins in tumor samples from late-
stage melanoma patients treated with 
immune-checkpoint inhibitors. They use 
Biognosys' TrueDiscovery proteomics 
platform, which is based on proprietary 
mass spectrometry (MS) technology, 
with NeoGenomics’ multiplexed 
immunofluorescence (mIF) technology.

REBEL with a cause. There is an 
increasing need for predictive modeling 
and real-time control of the development 
process to improve efficiency and product 
quality consistency in the biopharma 
industry. In light of this trend, CPI 
researchers are using REBEL (908 
Devices’ capil lary-electrophoresis 
and high-pressure MS-based desktop 
device) for at-line cell culture media 
analysis. The overall aim of the project 
is to optimize mammalian cell culture 
media and feeding strategies to improve 
growth, protein titer and protein quality 
attributes.

Big  Buy  f rom Br u ker.  Br u ker 
has acquired Optimal Industr ia l 
Automation and Technologies – a UK-
based developer of (bio)pharma process 
analytical technology, manufacturing 
automation, and quality assurance 
software. Financial details of the 
acquisition were not disclosed, but 
Optimal’s 2022 revenue is expected to 
be approximately US$10 million.

Core Topic
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OMass Therapeutics 
raises $100 million in 
series B financing to 
progress its drug discovery 
platform, OdyssION – a 
commercialization of Carol 
Robinson’s native mass 
spectrometry research. 

Gore PharmBio introduces 
116 ml and 232 ml protein 
capture devices with Protein 
A to increase productivity 
and throughput for antibody 
purification.  

CPI uses 908 Devices’ Rebel 
Desktop device for in-line 
cell culture media analysis to 
optimize feeding strategies to 
improve growth, protein titer 
and quality.

Bio-Rad launches anti-
cemiplimab antibodies 
suitable for developing 
selective and sensitive assays 
for bioanalysis and drug 
monitoring for cemiplimab.
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Broadly, what are the main analytical 
challenges in cell and gene therapy?
Advanced therapy medicinal products 
(ATMPs), or lentiviral vectors in 
VIVEbiotech’s case, are so inherently 
complex that they pose a huge analytical 
challenge. Of all hurdles, I would 
underline two.

First, the availability of sample 
volumes for testing is very limited. 
Lentiviral vector batches manufactured 
at early pharmaceutical development 
stage have a rather small size so it is 
critical to optimize any use of this very 
costly and scarce product. As the demand 
for the number of release tests and assays 
linked to stability studies increases, this 
is clearly a limiting factor for thorough 
product characterization.

Second, there is a lack of rapid 
analytical methods for in-process 
control (IPC) testing. Lentiviral vector 
manufacturing is a continuous, multi-
step process. To monitor productivity, 
total viral particles can be quantified 
in hours by certain techniques, such 
as ELISA or interferometric light 
microscopy (ILM), but measuring 
infectious particles – the “real” active 
product – takes days, so it cannot be 
used as an IPC. Similarly, some safety 

assays – for instance, sterility – also 
require incubation. In other words, the 
manufacturing process is performed 
from beginning to end with little 
knowledge on yield or product quality; 
on-line analytical testing would greatly 
help to adjust production parameters to 
increase productivity.

As the cell and gene therapy industry 
matures, is analytical science becoming 
more important for the field?
In addition to the two obstacles 
mentioned above, alternative testing 
approaches using small sample sizes and 
rapid analytics for IPC testing, there are 
increasing regulatory requirements to 
characterize ATMPs, with an emphasis 
on a more extensive list of release assays 
and the use of fully validated, accurate, 
and robust techniques.

Moreover, there is a trend towards 
customized, project-specific assays; for 
example, we are noticing that in addition 
to lentiviral vector titration, product 
characterization requires measuring the 
expression of the particular transgene by 
a relevant bioassay. Analytical scientists 
play a key role in developing assays and 
methods with good performance that 
are aligned with their phase-specific 
regulatory demands.

What are the main techniques used in 
cell and/or gene therapy analysis?
Most batch release assays tend to be 
compendial methods or well-recognized 
techniques that are relatively easy to 
validate, so they are favorably seen by 
regulatory bodies. At VIVEbiotech, 
we mainly use cell-based assays for 
viral titration or for the detection of 
viral contaminants; nucleic acid testing 
(NAT) as the key quantitative tool in 
many tests (for example, infectious 
titer, residual DNA, mycoplasma); 
ELISAs for the quantification of viral 
proteins or process contaminants; 
and physicochemical assays for the 

measurement of parameters such as pH 
or osmolality.

What techniques used by analytical 
scientists in other fields could help cell 
and gene therapy developers?
There are a number of techniques that 
could help overcome analytical challenges 
in ATMP characterization; for example, 
mass photometry, interferometric 
light microscopy (ILM), micro-flow 
imaging (MFI) microscopy, dynamic 
light scattering (DLS), and multi-angle 
light scattering (MALS) coupled to 
separation technologies (size exclusion 
chromatography [SEC]-MALS, field-
flow fractionation [FFF]-MALS) can 
be used to assess physical titer, full/
empty ratios, size, and aggregation or 
subvisible particle impurities.

Other methodologies that are routinely 
used in other fields but with a low profile 
in viral vector characterization include 
next generation sequencing (NGS) (for 
example, RNA-Seq for lentiviruses) 
to detect all DNA/RNA variants in 
a sample and liquid chromatography-

Advanced 
Medicine’s 
Analytical Wish 
List
Which analytical techniques 
could revolutionize cell and 
gene therapy development? 
Rakel Lopez de Maturana, 
Qualified Person & Quality 
Control Director at 
VIVEbiotech, reveals her 
wish list

“Analytical scientists 
play a key role in 
developing assays 

and methods with 
good performance 

that are aligned 
with their phase-
specific regulatory 

demands.”
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tandem mass spectrometry (LC-MS/
MS) to analyze vector identity at the 
protein level.

What other challenges do you face 
with viral vector characterization?
Besides the analytical challenges already 
pointed out, I think the main difficulty 
in lentiviral vector characterization is 
testing biological activity (or potency). 
This is a cell-based assay with, as 
expected, high variability. Great efforts 
are continuously being made to optimize 
and improve intermediate precision of 
this method.

O n top  o f  t h i s ,  t he r e  i s  no 
harmonization of protocols and no 
reference standard for potency testing, 
making inter-laboratory comparability 
very difficult. Thanks to the Lentivirus 
Vector Reference Material Initiative from 
the ISBioTech (International Society for 
Bioprocess Technology), such reference 
standards may be available in the not-
too-distant future and managed by an 
unbiased repository at minimal cost. In 
the meantime, we have developed our 
own internal controls at VIVEbiotech to 
overcome the problem in the near term. 

What will the future of cell and gene 
therapy analysis look like? 
I believe we are moving towards a more 
quantitative and more automated future. 
Automation will bring rapid, accurate, 
and more reproducible characterization 
with lower-volume samples. Molecular 
biology will also continue advancing. On 
the one hand, there will be a wide switch 
from qPCR to digital PCR, improving 
sensitivity and precision of data. On 
the other hand, Sanger sequencing for 
assessing identity will be replaced by 
NGS. Finally, some of today’s state-
of-the-art techniques may become 
more mainstream, proving effective/
feasible for ATMP characterization  
to substitute (or at least complement) 
traditional assays.
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A key challenge in adeno-associated 
virus (AAV) production is the presence 
of capsids that lack the required gene of 
interest, which can reduce the overall 
effectiveness of the therapy. In a recent 
study, a team of Pall researchers used a 
novel anion exchange chromatography 
elution method to separate empty and full 
AAVs. We spoke with Adam Hejmowski, 
Team Leader in Bioprocessing Analytics 
at Pall, and lead author of the study, to 
find out more.

What are the consequences of not 
effectively separating empty and full 
AAVs? 
We have to remember that empty AAV 
particles are duds – they do not carry the 
therapeutic agent. Having an excess of 
these duds means the treatment would 
require higher titers and/or larger injection 
volumes to guarantee the effectiveness 
of the treatment, as well as having the 
potential to cause a larger immune 
response. In addition, leaving the empty/
full ratio undefined leads to product 
inconsistency and thus varied patient 
responses – which can be detrimental 
to the entire gene therapy development 
process. The importance of the issue led 
us to consider the need for a defined ratio 
of empty and full particles for optimal 
effectiveness.

What are the main challenges? 
When attempting to separate any two 

or more components, 
challenges often relate 
to the mode of separation 
and noteworthy differences 
between the components. 
For AAVs in particular, there are 
typically major differences in mass (5 
MDa full vs 3.7 MDa empty), density 
(1.4 g/cm3 full vs 1.3 g/cm3 empty), 
charge/isoelectric point (~5.9 full vs ~6.3 
empty, serotype dependent). But these 
differences are quite small, necessitating 
specialized, scale-limiting methods, such 
as ultracentrifugation. In our paper, we 
focused on the charge differential, using 
ion exchange chromatography to separate 
empty and full capsids in a scalable way.

What major challenges did you have 
to overcome?  
Our initial attempts involved using 
linear gradient methods with multiple 
chromatographic formats including 
membranes, monoliths, and resins. We 
were disappointed to see that none of 
the chromatography formats performed 
as well as we had hoped, so we had to 
reconsider the method. We needed to tease 
out more separation and ideally generate 
a series of discrete elution peaks to be 
able to judge more easily if the separation 
was working. From there, we attempted 
alternative methods, involving linear 
and step gradients, and modified buffer 
compositions. We ultimately discovered 
that simulating a linear gradient via 
small discrete conductivity steps showed 
promise in separating empty and full 
peaks, specifically when using Mustang 
Q membranes. The coupling of these 
small conductivity steps with membrane 
chromatography is where we identified 
initial and robust success.

In the end, were you satisfied with 
the results? 
We were ecstatic to see the small 
conductivity step-approach begin to split 
what originally were small broad peaks 

into sharper, def ined 
elution peaks. As we 

performed additional runs 
of the method and fine-tuned 

the buffer compositions for our 
AAV5 constructs, we were satisfied 

with what was achieved. Using these 
discrete conductivity steps with membrane 
chromatography has enabled these 
successes with AAV and may be highly 
impactful for gene therapy manufacturing 
and production.

What implications could this research 
have for the gene therapy field?
Scalability to manufacturing and larger 
batch processing has continued to be 
a struggle faced by many independent 
companies, as well as larger organizations 
like Pall. This small conductivity step 
method provides an approach to easily 
enrich full AAV particles. Alternatively, 
a simpler chromatography method could 
be developed by performing this approach 
at a smaller scale. Having this framework 
available to baseline your platform’s 
polishing steps can allow empty and full 
AAV separation when the prospect may 
not have been possible.

Any next steps for this work? 
Although satisfied with our method 
development work so far, we are striving 
to further improve the technique and 
showcase its functionality and scalability. 
We have presented results using this 
technique to our customers and clients 
for AAV5, AAV8, and AAV9; and plan 
to expand our breadth of data to additional 
serotypes. While in the article we ended 
with the method using a 5mL Mustang Q 
capsule, we are confident this method will 
be applicable to Pall’s larger capsules (50 
mL, 140 mL, 450 mL, and 5000 mL); we 
hope to have more data in the near future.
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Separating the 
Gene from the 
Chaff
Introducing a novel anion 
exchange membrane 
chromatography method that 
could separate empty and full 
AAV capsids at scale
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Liquid-liquid extractions are used across 
a wide variety of analytical applications 
and industries. Examples include detecting 
organic additives, such as vitamin D, in 
foods; testing for aflatoxins in wheat and 

cannabis production; iron extraction in 
cobalt and copper mining. It’s even found 
in healthcare, with the detection of steroids 
and other drugs in the blood. In many 
cases, labs prefer the traditional separatory 
funnel for liquid-liquid separations, which is 
surprising given the many benefits of phase 
separator paper. So what is the difference 
between the two methods and why might 
you consider one over the other?

In many analytical applications, you’ll 
want to analyze a particular chemical 
compound present in one phase, and that 
means getting it into another phase. To do 
this, you mix your aqueous phase with an 
immiscible solvent to give a distinct interface 
between the two phases. Those two liquids 
then go into a teardrop-shaped separatory 
funnel, you swirl them around so that the 
two interfaces come to a contact point 
where the analyte of interest migrates from 
one phase to the other. The phases are 
left to settle and separate so you have a 
static interface. You then open the tap at 
the bottom of the funnel and gently allow 
the phase at the bottom – water or the 
organic solvent depending on the relative 
weight – to drip through. Crucially, you 
must close the tap at exactly the interface 
point between one phase and the other. 

The key here is to avoid mixing your 
aqueous phase and your organic phase, so 
you have to get the timing right. The other 
problem is that you’re always going to have 
a little bit of liquid in the tap itself, so there’s 
the question of whether you turn off the 
tap with the liquid at the top or the bottom. 
Get it wrong and you’ll either end up with 
some organic solvent in your aqueous 
phase or, if you let your organic solvent 
through with a bit of water, you’ll lose 
some of your analyte of interest. It might 
sound like an inherently flawed process, but 
liquid-liquid extractions can be done using 
a separatory funnel in this way – it’s just 
fiddly and time consuming. And it requires 
a reasonable amount of skill. So what about 
the alternative: Phase separator paper? 

Phase separator paper is impregnated 

with silicone compounds (and cured so 
that they don’t leach out), which renders 
it hydrophobic. To perform a liquid-liquid 
extraction, you simply take your water 
phase (which has your analyte in it) and 
your organic solvent, mix them together by 
swirling (do not shake) and pour them onto 
your phase separator paper, which you have 
folded into a traditional conical filter funnel. 
The organic solvent will pass through the 
hydrophobic paper, while the water – the 
aqueous phase – stays put, resulting in a 
complete separator. And it doesn’t matter 
if the organic solvent is heavier or lighter 
than water; if it’s heavier it goes through 
the bottom of the filter cone, if it’s lighter it 
goes through the top of the filter cone and 
down the side. Simple! 

Using phase separator paper reduces 
the number of steps in the extraction (by 
40 percent) and therefore reduces the 
time it takes to perform the separation. It 
also reduces labor, training, cleanup, and 
equipment. What’s more, it’s automatic – 
and, crucially, it can be done in parallel. 

It is very difficult to set up multiple glass 
funnels at the same time given the need to 
keep a close eye on the separation. With 
phase separator paper, you can quite 
easily set up multiple funnels – you just 
need to pour and wait. Regarding cost, the 
efficiency gains certainly create savings over 

Simplify Your 
Separations! 
Are you still using a traditional 
separatory funnel for your 
liquid-liquid extractions? In our 
experience, more customers 
answer in the affirmative than you 
might expect given the convenience 
of phase separator paper – not to 
mention the cost savings... 

Why Make  
Life Difficult? 
Phase separator paper  
uses fewer steps than  
a separatory funnel 

Separatory funnel
1. Close valve
2. Add solvents
3. Attach cap
4. Rock (3x)
5. Vent and repeat (4x)
6. Stand, remove cap
7. Allow phase separation
8. Drain aqueous solution 

Phase separator paper
1. Fold paper and place
2. Add solvents
3. Mix
4. Pour
5. Drain 

“With phase 
separator paper, 

you can quite easily 
set up multiple 

funnels – you just 
need to pour  

and wait.” 
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time. And there’s also the upfront costs of 
purchasing a separatory funnel, which is 
quite a complex (and thus expensive) piece 
of glassware. All that said, in our experience 
when speaking with customers, cost isn’t 
usually a significant factor in the decision – 
the convenience is what entices most users 
away from the separatory funnel. 

Keep it simple
Phase separator paper has been around 
for many, many decades, and you might be 
wondering why anyone would persevere 
with the traditional wet-chemistry 
approach. There may be some instances 
in industry where the volumes required 
exceed the sizes of the paper available on 
the market. But if that’s true, we’ve never 
come across a request for a very large 
diameter filter paper to accommodate a 
giant funnel – people tend to pour large 
volumes of mixture through bit by bit. 
Though I can imagine scenarios where 
phase separator paper raises questions, 
we’ve found that most users simply aren’t 

aware of the fact they could be doing 
their phase separations in a far more 
straightforward way!

There is one final factor that is worth 
considering, and that is the consistency of 
the filter paper. The convenience of the 
phase separator paper wouldn’t be much 
use if manufacturers could not guarantee the 
consistency of its properties – particularly 
the openness of its structure. If the diameter 
of the pores vary, then due to surface tension 
effects (see sidebar: How Phase Separator 
Paper Works), water may break through in 
unpredictable ways – even with the same 
polymer treatment and curing processes. 
For this reason, we ensure that the base 
matrix of the WhatmanTM 1PS filter papers 
are extremely consistent and have a 
uniform set of properties throughout and 
between manufacturing runs. 

I ’m fully confident that you’ll find 
switching from a traditional separatory 
funnel to a WhatmanTM phase separator 
paper really is as simple, convenient, and 
efficient as it sounds. 

How Phase 
Separator  
Paper Works  
The WhatmanTM 1PS phase separator 
paper has been impregnated with 
a stable silicone polymer. But to 
understand its proper ties and 
functionality, it is essential to become 
familiar with two concepts: surface 
wettability and pore diameter. 

Surface wettability is a measure 
of surface energy – materials of low 
surface energy are generally more 
difficult to wet than materials of high 
surface energy. So a surface can only 
be made wet with liquids that have 
a lower surface energy or “tension” 
than itself. The siliconized surface 
of the WhatmanTM 1PS reduces the 
surface energy of the filter surface, 
making it non-wettable to water but 
wettable to other liquids. 

But if a liquid wets a surface then it is 
possible, through capillary action, that 
it will wet its pores – though even a 
non-wetting liquid can be used to wet 
a pore if sufficient pressure is applied. 
This means: the smaller the pore, the 
greater the force required for liquid 
penetration. Crucially, the cellulose 
fibers in 1PS are sufficiently small 
and tightly packed together that they 
form a porous structure with a “pore 
diameter” that prevents the passage 
of water but allows the penetration 
of your analyte-containing liquid. 
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A reference m Ab was used to 
demonstrate the benefits of multiangle 
light scattering detection combined 
with size exclusion analysis of a 
monoclonal antibody. Adaptations 
were required to optimize MALS 
data quality as light scattering is more 
sensitive for particles such as salt 
crystals, microbes or column shedding 
than UV detection: the mobile phase 
was filtered twice and a light-scattering 
dedicated UHPLC column (TSKgel 
UP-SW3000-LS) was employed. It 
had previously demonstrated lowest 
noise levels in a comparison with two 
other columns; and the LenS3 MALS 
detector was chosen due to its high 
sensitivity in order to check the stability 
of the method also for low abundance 
impurities.

Column: TSKgel® UP-SW3000-LS 
2 μm,4.6 mm ID x 30 cm L 
(P/N 0023546)
Mobile phase: 100 mmol/L NaH2PO4 
Na2HPO4, pH 6.7, 100 mmol/L, 
Na2SO4 (filtered twice using a 0.1 μm 
pore size PES vacuum filter)
Flow rate:  0.35 ml/min
Detection: UV-absorbance @280 nm, 
Multi-angle light scattering with 
LenS3 (RALS for MW)
Injection vol.: 10 μl
Sample: SILu™Lite SigmaMAb (1 
mg/ml), IgG1 monoclonal antibody 
standard (Sigma #MSQC4)
Instrument: Thermo Scientific 
Vanquish UHPLC

Results
The MW of monoclonal antibody 
and its impurities was analyzed using 
UV280 as a concentration detector and 
the right angle light scattering signal 
(RALS) for MW calculation This way 
impurities with 290.3 kDa (dimer), 
148.8 kDa (monomer), 122.4 kDa 
(mAb missing one light chain) and 48.7 
kDa (Fab fragment or two aggregated 
light chains) (Figure 1).

For sensit iv it y and robustness 
determination, triplicate injections of 
a dilution series of the antibody were 
analyzed. Accurate and robust results 
were achieved down to 50 ng injected 
protein, while at lower concentrations, 
MW determinations were still possible 

but with lower accuracy and higher 
variation.

Conclusion
Analyzing monoclonal antibody samples 
with SEC-MALS directly determines 
the MW of sample components. This 
facilitates the assignment of peaks to 
the structures of impurities. Employing 
the sensitive LenS3 MALS detector in 
combination with the light-scattering 
dedicated UP-SW3000-LS column, the 
method is sensitive down to less than 
50 ng of dimerized antibody. However, 
MW determination of monomer and 
impurities is possible at concentrations 
down to 15 ng but with less accuracy 
and higher variation.

SEC-MALS 
for Antibody 
Therapeutics:
A Robust Method for In-Depth 
Sample Characterization

Applicat ion Note62 

Table 1. Robustness and Sensitivity of triplicate mAb MW Determinations with SEC-MALS

Figure 1. Molecular weight determination of high- and low molecular weight impurities of mAbs.
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Phosphoramidites are the essential part of the chemical synthesis 
of oligonucleotides, short fragments of nucleotides and analogues. 
To prevent side reactions on residual reactive sites such as hydroxyl 
and amino groups during oligonucleotide synthesis, these groups 
must be protected. Therefore, the highly reactive native nucleotides 
are modified with four different protecting groups: benzoyl, 
2-cyanoethyl, diisopropylamino and dimethoxytrityl (DMT). 

During the oligonucleotide synthesis, the purity of the 
phosphoramidites needs to be closely monitored. Two different 
separation modes – reversed phase and normal phase – are used 
for the analysis of four different phosphoramidites. All separations 
were performed using highly robust YMC-Triart columns, which 
are an ideal choice for modern biochromatography applications. 
For RP separations, YMC-Triart C18 was used, resulting in sharp 

peaks for both isomers present. YMC-Triart SIL was used in NP 
mode, with a mobile phase containing triethylamine as additive. 
Excellent resolution was obtained for all compounds.

Download the application note with the full method details here: 
https://ymc.eu/d/brDnE

Maximum Flexibility with 
YMC-Triart: HPLC Analysis 
of Phosphoramidites using 
RP or NP conditions
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Figure: Separation of adenosine and cytosine phosphoramidites as 
examples using RP (top) and NP (bottom) conditions.

https://ymc.eu/d/brDnE
https://ymc.eu/d/brDnE
tas.txp.to/0622/ymc?pdf
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Confocal Raman microscopy is a powerful tool for analyzing 
the chemical composition of samples. The Raman effect 
is based on inelastic scattering of excitation light by the 
molecules of gaseous, liquid or solid materials. The interaction 
of a molecule with photons causes vibrations of its chemical 
bonds, leading to specific energy shifts in the scattered light 
that can be identified in its Raman spectrum. Any given 
chemical compound produces a particular Raman spectrum 
when excited and can be easily identified by this individual 
‘fingerprint’. When Raman spectra are collected at each 
measurement point using a confocal microscope combined 
with a spectrometer, a Raman image can be generated that 
visualizes the distribution of the sample’s compounds. Due 
to the high confocality of WITec Raman systems, volume 
scans and 3D images can also be generated from 2D images 
from different focal planes. A new application note presents 

a collection of best practice examples from various fields of 
research, such as pharmaceutics, food science, semiconducting 
materials and geology.

Read the full application note here: 
https://www.witec.de/assets/Literature/Files/WITec-AppNote-
3DRamanImaging-WebVersion.pdf

Experience a new Level 
of 3D Raman Imaging

tas.txp.to/0622/witec?pdf
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Transforming 
Chromatographic 
Data into Meaningful 
Results  

ChromCompare+ is an easy-to-
use data analysis and chemometrics 
platform for aligning and comparing 
chromatographic data in automated 
workflows. A batch of GC‒MS or 
GC×GC datafiles, in a wide range 
of formats, can now be compared 
in minutes instead of days – or even 
weeks.
Find out more at 
https://chem.sepsolve.com/Spotlight/CC

1 Minute of Photoprobe 
Irradiation = 2 Months of 
Direct Sunlight

Environmental conditions play a 
critical role in the breakdown of plastic 
into microplastics. But the length of 
time it takes to carry out traditional 
degradation studies ranges from hours 
to days due to limited light intensity. 
CDS’s Photoprobe uses free-space 
focusing technology and improves 
light intensity to 800 mW/mm2, 
which allows online study of weather-
induced degradation.
https://www.cdsanalytical.com/
photoprobe
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What would you say has been the 
biggest scientific achievement of your 
career so far?
I’m well known for my role in developing 
electron capture dissociation in 1999 – 
and it’s definitely up there. But to be 
honest, I would be disappointed if, 
at the end of my career, the advances 
we’re making in top-down proteomics 
haven’t had a larger impact – especially 
with regards to their contribution to 
mapping and defining the human 
proteome. Having said that, our work 
in this area isn’t exactly a singular 
achievement but rather numerous little 
innovations combined. An overall goal 
has been to lower analytical barriers 
to measurement and I think our lab 
has achieved that. Now, I’d say we’re 
revealing new biological insights that 
really matter.

What are you most excited about 
right now? 
Working towards completing the 
Human Proteoform Project! Just like the 
Human Genome Project, we’re aiming to 
map and sequence the human proteome 
– that means determining the detectable 
proteoforms in all the different cell types 
and fluids of the human body. To achieve 
this, we’re going to require at least 
one billion dollars. From a technical 
perspective, we may start off using mass 
spectrometry – but with next generation 
proteomics and things like nanopores 
for single molecule protein sequencing, 
we may not be using MS for proteoform 
analysis in another 10 to 12 years. In my 
opinion, it’s time for the government to 
fund the creation of a high-resolution 
reference proteome, as it did for the 
reference genome 20 years ago. There 
are currently low-resolution drafts from 
bottom-up proteomics in 2014, but we 
need to move forward with proteoform 
enabled science.

What would be the single most 
important benefit of completing the 
Human Proteome Project?
The earlier and more precise detection 
of all human disease.

How would you describe the role of 
your lab in the overall project?
In the earlier stages, I think we will be 
highly involved. But this is going to get 
big. And when it does, I’ll be expecting 
a combination of bottom-up, top-
down and new approaches. The private 
sector is also incredibly well funded 
right now, and my goal is to convince 
the government that they must play 
a strong role in funding this project, 
which in a pre-competitive model 
will lift all boats for better protein-
level biology. With COVID-19, the 
biotechnology sector is taking off, with 
the public becoming more aware of the 
importance of proteins like antibody 
and antigen testing. I think there is 
a real opportunity to invest in new 
projects that could transform how we 
understand disease states. Regardless, 
I definitely hope we stay involved in 
some way!

You’ve risen to a high-profile 
position – but how did your career in 
analytical science begin?
A few formative events come to mind. 
During an internship at age 15, I was 
tasked with identifying this yellow 
compound handed to me in a pie tin. 
After puzzling over it all summer, we 
eventually made a KBR pellet, plugged 
it into the IR spectrometer and there was 
the most beautiful infrared spectrum 
of sulfur. That was my first proper 
introduction to measurement science. 
The next major moment came when I 
decided to take an intensive one-month 
chemistry class just after starting college 
– and, just like that, I was hooked.

I later went on to receive a Fulbright 
Grant and moved to Germany to study 
organic chemistry at the University of 
Konstanz. I actually wasn’t very good 
at it, but there was a mass spectrometry 
(MS) lab on my floor with a professor 
doing research in oligonucleotide 
synthesis. I also met Fred McLafferty 
when he came to give a talk at the 
university. The combination of these 
things led me to focus on analytical 
chemistry and Fred eventually recruited 
me to Cornell University, where I 
completed my PhD in 1997.

Do you have any advice for someone 
who is new to analytical science?
When I started my career in science, 
I didn’t necessarily have a strategic 
plan; I had no great advisors and no 
one in my family worked in science. 
But I did have unbridled enthusiasm 
and tons of raw energy. And I think 
that that is something people tend to 
forget. Be enthusiastic! Be energetic! 
Another hugely important trait for 
people starting out is self-belief. There 
are many things that erode your self-
efficacy and career persistence. We 
have set up a system of peer review 
that is not always constructively critical; 
sometimes it’s just critical. But that’s 
just the way it is, so don’t let it get you 
down! 

And finally, who would be your 
dream dinner party guests?
How about Francis Collins and Craig 
Venter? I’m sure there would be some 
fireworks about the Human Genome 
Project, and I’d love to both hear some 
of the stories from back in the 1990s 
and get a chance to explain why we 
should run a program similar to the 
Human Genome Project, but focused 
on protein-level biology and that means 
proteoforms!
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