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Introduction
AS A NEW MAGAZINE Talk of the Lab ANALYSIS is 
still kind of finding its way. In the last issue, the central 
spread of the magazine was taken up with a list of some 
recently awarded grants in analytical science. In this issue, 
we’ve replaced it with a list of some of the new analytical 
instruments that have been launched over the past couple of 
months.

We obviously want the information in this central spread 
to be as useful to our readers as possible, so please let us 
know which you prefer – or even whether you’d like to see 
something completely different there. Perhaps you’d like 
us to alternate between recently awarded grants and new 
analytical instruments. It’s up to you.

Elsewhere, however, interviews still rule the roost and 
remain the primary focus of the magazine – it’s raison d’être, 
if you will. In this issue, Christian März at the University of 
Leeds in the UK tells us about feeling seasick in the middle 
of the Barents Sea. Diana Aga at the University at Buffalo 
in the US explains why collaboration is key when analyzing 
organic pollutants. Jonathan Sweedler at the University of 
Illinois at Urbana-Champaign in the US outlines his 30-year 
journey to analyzing individual cells, and now individual 
organelles within those cells. Finally, Ruth Birner-
Grünberger at TU Wien in Austria introduces us to her 
proteomics pirates and their battles with enzymes.

Once again, just like in the last issue, hopefully there’s 
something for everyone.

Jon Evans
Publisher and editor of 

Talk of the Lab ANALYSIS
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Christian März 
sampling the giant  
box corer 
JOHAN FAUST
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INTERVIEW / Christian März 

All at sea

NOT MANY RESEARCHERS are made to feel sick by 
their own research, but that’s the case for Christian 
März, associate professor in biogeochemistry at the 
University of Leeds in the UK. März spends his time 
analyzing sediment cores extracted from the ocean 
floor – specifically from the floor of the Barents Sea 
in the Arctic Ocean, off the northern coast of Norway. 
And when he’s not analyzing these cores, he’s helping 
to collect them, out in the middle of the Barents Sea.

“I get seasick,” he admits, “and I’ve always gotten sea-
sick. So the first three days for me are typically ‘time 
out’. I can’t eat, I just basically lie in my little cabin and 
nibble on some salty pretzels. Then, over time, I ease 
myself into it. But once you’re there and equilibrated, it’s 
a great experience.”

März and his group are analyzing these sediment 
cores to discover what they can reveal about both cur-
rent biogeochemical processes and past climates. Be-
cause this sediment was laid down over thousands of 
years, the cores provide a record of the environmental 
conditions that existed over that time span. This record 
is written in the varying concentrations of the many el-
ements and compounds found along the core, and ex-
tends further back in time with increasing depth.

They are particularly interested in determining the 
concentration of carbon in these cores, for what it can 
reveal about carbon cycling both now and in the past. 
Sediments can act as a literal carbon sink, as algae and 
other organisms in seawater die, sink to the bottom of 
the ocean and become buried in sediment. Ideally, the 
carbon in these organisms would just stay buried, pre-
venting it from contributing to global warming, but vari-
ous processes, both biological and chemical, can end up 
releasing the carbon from its store. 

When not analyzing sediment 
cores to discover what they 
can reveal about past climates, 
Christian März is out in the 
Barents Sea collecting them

You can compare the sea floor to 
your compost heap in the garden. You 
throw your kitchen waste on it and 
that stuff gets degraded, and the same 
thing happens on the seafloor.

Carbon and iron
By analyzing the carbon in sediment cores, März hopes 
to reveal the details of this complex carbon cycling 
process and how it has changed over time. This is par-
ticularly important for understanding the Atlantifica-
tion of the Barents Sea, by which salty, nutrient-rich 
water is pushing in from the Atlantic and gradually 
making the Barents Sea more like the Atlantic and less 
like the Arctic.

“The Barents Sea is certainly changing,” says März, 
“and we’d like to put that into a historical context.”
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Their work has already revealed that carbon is more 
likely to stay buried if it binds with iron in the sediment. 
“We’ve done some research that indicates that the as-
sociation with iron stabilizes this carbon, making the 
seafloor a more efficient carbon sink,” he says. But com-
ing up with this finding proved far from straightforward, 
highlighting the difficulty of analyzing sediment.

“It’s not enough to measure all the iron and all the 
carbon in the sediment,” März explains. “What you 
want to do is basically extract the iron that is bound 
to the particular carbon fraction or the carbon that is 

bound to that iron fraction. So it requires analyzing the 
sediment sequentially.”

To make matters even more difficult, the sediment is 
not a static environment, but a highly active and com-
plex one, which is changing and evolving all the time. 
“You can compare the sea floor to your compost heap in 
the garden. You throw your kitchen waste on it and that 
stuff gets degraded, and the same thing happens on the 
seafloor – organic matter gets degraded.”

Plus, although März and his team are mainly interest-
ed in carbon cycling, to understand this process they 

“THE BARENTS SEA IS 
CERTAINLY CHANGING 

AND WE’D LIKE TO 
PUT THAT INTO A 

HISTORICAL CONTEXT.”

Christian 
März removes 
tubes filled 
with surface 
sediment after 
a successful 
deployment of 
the Multicorer 
in the Arctic 
Ocean
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really need to determine the concentration of many of 
the other elements and compounds present in the sedi-
ment, as their finding with iron makes clear. In any case, 
if you’re going to all the trouble of extracting a core from 
the middle of the Arctic Ocean, you’re going to want to 
obtain as much information from it as possible.

 
Core slices and pore water
This all means that analyzing these sediment cores tends 
to be a multi-stage process involving many different an-
alytical techniques. As soon as a core is extracted, one of 
two things can happen: it is either chopped up into slices 
or water is extracted by inserting what are basically tiny 
plastic straws into it and sucking. Known as pore water, 
this contains the same mix of elements and compounds 
as in the slices – and can therefore reveal how these ele-
ments are mobilized from the sediment.

Some analyses are performed on the pore water sam-
ples at this stage, while still on the ship, because cer-

Sampling pore 
waters from 
a Megacorer 
tube

tain compounds, especially nitrates and nitrites, tend to 
be quickly consumed by any microbes in the samples. 
“There are always microbes in the water samples and 
there’s always a bit of organic matter, so they will basi-
cally turn over the nitrate within your sample vial and 
change the concentration. You need to analyze these 
things quite quickly, so what people tend to take on the 
ship is a nutrient analyzer, which is a spectrophotometer 
that can analyze the concentrations of things like nitrite, 
nitrate, phosphate and silicic acid.”

Other, more detailed analyses are conducted back in 
the laboratory. März and his group analyze the pore wa-
ter directly with techniques such as inductively coupled 
plasma (ICP)-optical emission spectroscopy (OES) and 
ICP-mass spectrometry (MS). These techniques convert 
the liquid samples into a cloud of highly charged ions, or 
plasma, and can determine the concentrations of scores 
of different elements, especially metallic elements such 
as titanium, aluminum and iron. They also conduct the 
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same analyses on samples of the slices, after digesting 
them into a liquid with a mix of concentrated hot acids.

To get a slightly different view of the elements in the 
slices, März also analyses them with X-ray fluorescence 
(XRF) spectroscopy. This involves freeze-drying a sam-
ple of the slice, grinding it up into a powder and then 
heating it with a reagent to convert the powder into 
glass beads, which can then be studied by XRF.

 
Pushing the instruments
März and his group employ commercial instruments for 
these analyses, using ICP-OES and ICP-MS instruments 

from Thermo Fisher Scientific and an XRF instrument 
from Bruker. But they often have to develop bespoke 
sample preparation techniques, as with the sequential 
extractions required to determine the proportion of 
carbon in sediment bound to iron. “We do probably push 
the instruments to their limits with the complex sedi-
ment matrix we tend to find at the seafloor,” März says.

The need to do a certain amount of analysis and sam-
ple treatment on board ship is one of the reasons why 
scientists such as März actually go on expeditions to 
collect cores, rather than just wait in the laboratory for 
the cores to turn up. Another reason is to help resolve 
the various problems that inevitably arise.

“If you go on any kind of field work, and specifically 
a sea-going expedition, it’s quite typical that something 
doesn’t work out as planned,” März says. For example, 
rather than a nice core of muddy sediment that provides 
a good record of past climates, the ship might actual-
ly just recover a load of rocks and pebbles that can’t be 
analyzed. “So then you need to react and tell the crew 
that you want different stuff.”

But they aren’t the only reasons März continues to sail 
out on these expeditions. “You just develop a different 
relationship and attitude towards a research project if 
you’re involved in it from the start,” he says, “and as a 
natural scientist you want to be out there and experi-
ence the environment you’re actually studying. And it’s 
also a jolly, it’s fun.”

 
Sir David Attenborough
März’s route to the Barents Sea actually began in north-
ern Spain, where he did field work in sedimentology as 
part of his geology degree. Here, he collected samples 
of rocks and then took them back to the University of 
Heidelberg in Germany, where he cut them into thin 
slices and studied them under a microscope.

“I thought that’s really interesting, but basically you’re 
describing shapes in the rock and think that they mean 
this and that. I wanted something a bit more quantita-
tive.” So when moving on to a PhD, he decided to do it in 
marine geochemistry. This led to his first ever sea-go-
ing expedition and from then on he was smitten, despite 
discovering that he gets seasick.

Since then, he has been on many other expeditions, 
some lasting for more than two months. But he hasn’t 
been on one for around four years, due initially to the 
birth of his daughter and then to the COVID-19 pandem-
ic. The next one he is due to go on, for which he recently 
received funding, will involve the brand-new British re-
search icebreaker, the RRS Sir David Attenborough.

The ship is still undergoing sea-trials and so this ex-
pedition won’t take place until 2023 or 2024, more than 
enough time for März to stock up on seasickness tablets. 

•

If you go on any kind of field work, and 
specifically a sea-going expedition, it’s 
quite typical that something doesn’t 
work out as planned. 

Christian März / INTERVIEW



8 / Talk of the Lab ANALYSIS December 2021 / Issue 2

INTERVIEW / Diana Aga 

Works well 
with others

COLLABORATION IS KEY for Diana Aga, the Henry M. 
Woodburn chair of chemistry at the University at Buf-
falo in the US. “I have a lot of collaborations in many 
different aspects,” she says.

There are several reasons for this. One is obviously 
that it helps with her own research. This is focused on 
detecting and analyzing organic pollutants, especially 
industrial compounds known as per- and polyfluoro-
alkyl substances (PFAS) and antimicrobials, in environ-
mental samples such as water, with the aim of finding 
ways to reduce the levels of these pollutants – a serious 
analytical challenge.

Not only are these organic pollutants generally pres-
ent at trace concentrations, making them difficult to 
detect, but there are a huge variety of them, making 
them difficult to identify. This is especially the case for 
non-targeted analyses, where Aga is trying to determine 
the full range of pollutants present in a sample, rather 
than hunting for specific known pollutants.

To conduct these analyses, Aga and her group utilize a 
range of analytical techniques, including liquid chroma-
tography and mass spectrometry. But even with the lat-
est advanced instruments, Aga and her group still need 
to concentrate the pollutants in the sample, using tech-
niques such as solid-phase extraction, to make them de-
tectable. Unfortunately, this creates its own problems.

“By concentrating the pollutants, you also concen-
trate a lot of other things that you don’t want to put in 
your instruments,” she explains. “These are matrices 
that sometimes ruin your instruments and can also 
affect the quantification, as well as sometimes signifi-
cantly suppressing your analysis, so you’ve got to get rid 
of them. But then if you put more sample preparation 

To detect and identify the full range 
of organic pollutants in complex 
samples, it helps to have lots of 
advanced instruments and lots of 
collaborations, says Diana Aga

By concentrating the pollutants, you 
also concentrate a lot of other things 
that you don’t want to put in your 
instruments.

procedures in place, you end up losing your target com-
pounds.” Hence, Aga and her team spend a lot of time 
trying to balance these competing requirements.

Chemical standards
After a compound has been detected in a sample, it then 
needs to be identified, which is often done with chemi-
cal standards. The retention time of the unknown com-
pound in a chromatography column and the details of its 
mass spectra are compared with the retention time and 
mass spectra of a known standard added to the sample. 
If the retention times and spectra match, then the com-
pound and the standard are likely identical.

Although this identification technique is highly re-
liable, it does come with several limitations. One is 
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class of pollutants in the sample, in order to know what 
standards to utilize. The other is that there are many 
pollutants for which standards are not available. Both 
of these limitations are exacerbated when conducting a 
non-targeted analysis, which by definition involves try-
ing to identify unknown pollutants.

“There’s a whole lot of chemical pollutants that we 
haven’t even looked at, but with the new analytical 
technologies it is now possible to identify unknown 
compounds at environmentally relevant concentra-
tions,” says Aga. “The bigger challenge is to prove that 
the pollutants really are there, because for absolute 
confirmation we need analytical standards. Sometimes 
the standards are very expensive, sometimes they’re 

not even available, so then you have to custom synthe-
size them, which gets really expensive.”

To make this whole process a bit easier, Aga is col-
laborating with a computational chemist to develop a 
combined in silico and experimental process for pre-
dicting retention times in the absence of standards. 
“Sometimes we find a compound by mass spectrome-
try and we have a suspect for the identity of this com-
pound, but before we buy the standard we want to first 
eliminate some of the many possibilities. So we use in 
silico approaches to guide us about which standards to 
buy. Or when the standards are not available, we can 
narrow down the candidates to one particular com-
pound.” Aga says this ability sets her group apart from 
other research groups.

“TO BE IN THE GAME, 
YOU ALWAYS HAVE TO 

GET THE INSTRUMENT 
NEEDED TO COMPETE 
WITH ALL THE OTHER 

RESEARCH GROUPS 
WORKING ON THE 

SAME PROBLEM.”
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Staying in the game
Another thing that differentiates Aga’s group is their 
ability to detect pollutants at very low levels. With the 
latest instruments, they can now detect compounds 
at concentrations down to 1 part per trillion (ppt) in 
100mL of wastewater and in 500mL of drinking water. 
But these instruments are expensive, and Aga’s group 
needs to have the latest versions in order to remain at 
the forefront of environmental analysis.

“To be in the game,” she says, “you always have to get 
the instrument needed to compete with all the other re-
search groups working on the same problem.”

Aga purchases many of her instruments, including a 
highly sensitive triple quadrupole mass spectrometer, 
from Thermo Fisher Scientific, because she says they 
provide good technical support. But there’s always 
something new that catches her eye: “The developers 
are always coming up with instruments with better 
sensitivity, faster detection and faster separations, so 
there’s always going to be room for improvement.”

Collaboration also brings Aga into contact with re-
searchers from a variety of other disciplines, with ben-
efits both direct and more general. The direct benefits 
of her collaborations include being able to get hold of a 
wide range of different samples for analysis. “I have col-
laborators in the epidemiology department [at Buffalo],” 
Aga explains, “who are actually doing cohort studies, so 
we have access to biospecimens. Same thing with envi-
ronmental samples – I collaborate with the EPA and the 
US Geological Survey and other groups that provide ac-
tual environmental samples from relevant sites.”

Broad horizons
But these collaborations also allow Aga to broaden her 
horizons, giving her new perspectives and allowing her 
to place her research in a larger context. “I’m not an en-
gineer, but because I’ve collaborated with engineers, I 
know now how wastewater treatment works, how ozo-
nation and advanced oxidation works. It’s important, 
otherwise if all you know as an analytical chemist is how 
to analyze and develop methods, without finding appli-
cations or relevance in solving environmental problems, 
then the analytical method is not meaningful.”

Indeed, appreciating the big picture can be essential 
for conducting a successful analysis. “Sometimes people 
think that they can just send their samples to a lab and 
have the results generated, but it doesn’t work that way. 
It’s actually a two-way process. They need my input to de-
sign the experiment and I need to understand what they’re 
doing to design an appropriate analytical method. I need 
to understand exactly what the goals of the project are.”

Throughout her career, Aga has always proved keen 
to broaden her horizons. She grew up in the Philippines, 
doing a degree in chemistry at the University of the Phil-

Diana Aga 
examining bird 
eggs in her 
laboratory

ippines at Los Baños. But after deciding to focus on en-
vironmental chemistry for her PhD, she chose to do it 
in US, at the University of Kansas, because of the better 
facilities available there. 

She then went to Zurich in Switzerland to do postdoc-
toral research at the Swiss Federal Institute of Aquatic 
Science and Technology, before returning to the US to 
become an assistant professor at the University of Ne-
braska. After a few years, she made a move into industry, 
becoming a research chemist at Bayer, conducting en-
vironmental fate studies on pesticides, which provided 
her with yet another new perspective. 

“It’s a different mindset. We can’t just stop the chem-
ical industry from creating chemicals for various appli-
cations; it’s a matter of balancing the benefits and the 
risks. My work experience in industry has given me the 
perspective of not overreacting about chemicals that 

INTERVIEW / Diana Aga 
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end up in the environment. What’s important is that we 
have to think about how to produce chemicals that are 
benign and how to treat wastes properly.”

RENEW institute
Aga was then invited to apply for a position at the Uni-
versity at Buffalo, which is where she has been for the 

past 19 years. During this time, she became the editor 
of the Journal of Hazardous Materials, which has also 
helped to keep her horizons broad. “My editorial posi-
tion has given me a lot of opportunities to see what is 
up and coming, and it forces me to read widely and not 
focus too much on my own research.”

After 10 years as editor, she will step down at the end 
of 2021, because she has been appointed director of the 
RENEW (Research and Education in eNergy, Environ-
ment and Water) institute at the University at Buffalo. 
This is an interdisciplinary institute focusing on com-
plex energy and environmental issues, as well as their 
social and economic ramifications, and will thus give 
Aga even more opportunities for collaboration.

She even collaborates in her spare time, because 
among her many interests is dancing, which is always 
better with a partner. •

If all you know as an analytical 
chemist is how to analyze and develop 
methods, without finding applications 
or relevance in solving environmental 
problems, then the analytical method 
is not meaningful. M
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New Products
908 Devices
A new Oligos assay kit 
for the ZipChip CE-MS 
device enables fast and 
accurate identification 
and quantitation of 
oligonucleotides. Using 
this new Oligos kit with 
the ZipChip device, 
biopharmaceutical lab 
personnel now have an easy 
method for high-resolution 
separation and MS sample 
introduction without the use 
of harsh ion-pairing reagents.

Agilent 
Technologies
The Agilent 6560C Ion 
Mobility Q-TOF adds new 
capabilities that enhance 
flexibility and performance 
over its predecessors for 
more precise measurements 
of large protein complexes 
such as biotherapeutic 
antibodies and large protein 
assemblies. Protein folding 
and structural analysis are 
now possible by Collision 
Induced Unfolding (CIU) 
technology, and HRdm 2.0 
postprocessing generates IM 
resolution of up to 250.

PerkinElmer
Signals Research Suite is a 
secure, informatics platform, 
providing integrated, end-
to-end scientific data and 
workflow management for 
pharmaceutical and industrial 
customers. It seamlessly 
brings together PerkinElmer 
Informatics’ Signals Notebook 
offering, the market’s most 
popular and fastest growing 

cloud-based, electronic lab 
notebook, with the Signals 
VitroVivo 3.0 (formerly 
Signals Screening) platform, 
a leading data processing 
solution for unprecedented 
flexibility, plus the Signals 
Inventa 3.0 (formerly Signals 
Lead Discovery) platform, an 
innovative and highly scalable 
data management, integration 
and analytics technology.

SCIEX
The BioPhase 8800 system 
is the only multi-capillary 
electrophoresis (CE) 
system that processes eight 
samples simultaneously, 
retaining sample integrity 
and delivering consistent, 
accurate results. It enables 
high throughput, sensitive 
CE-SDS and CIEF analysis, 
resulting in uncompromised 
accuracy for large sample 
sets. With this system, 
scientists can quickly 
understand molecular 
liabilities and ensure the 
development and manufacture 
of robust, stable biologics.

Biologics Explorer software 
enables researchers to 
acquire insights from 
their high-resolution 
protein characterization 
data, and reach decisions 
quickly and confidently 
on the most important 
critical quality attributes 
for biopharmaceuticals. It 
harnesses the full potential 
of the incredibly rich spectra 
produced by the Zeno trap 
and electron activated 
dissociation (EAD), from 

the ZenoTOF 7600 system, 
into highly informative and 
actionable results. These 
results are based upon a 
nodal algorithm structure 
that enables each processing 
and analysis step to be 
optimized so scientists can 
get the clear answers they 
need from their assays.

Thermo Fisher 
Scientific
The Thermo Scientific 
Orbitrap Exploris MX mass 
detector offers high resolution 
accurate mass (HRAM) data for 
intact analysis of monoclonal 
antibodies, oligonucleotide 
mass determination and 
peptide mapping, making it 
ideal for biopharma process 
confirmation. The offering 
enables accelerated drug 
characterization processes 
in QC and productivity 
improvements by fully 
integrating the Orbitrap 
Exploris MX into the MAM 2.0 
workflow, thereby replacing 
multiple assays into one 
information rich mass 
spectrometric assay.

Thermo Scientific 
Proteome Discoverer 
3.0 software with 
CHIMERYS by 
MSAID leverages 
artificial 
intelligence to 
substantially 
enhance the 
identification rate 
and number of 
unique peptide 
identifications in 
proteomics data. 

CHIMERYS identifies a 
minimal set of peptides that 
can explain the acquired 
tandem mass spectrum, 
in comparison to existing 
methodologies, which 
typically assume all peaks in 
a tandem mass spectrum are 
derived from a single peptide. 
This innovative approach 
provides a 1.8-fold increase in 
the number of unique peptide 
identifications and a 1.5-fold 
increase in the number of 
protein identifications for 
typical proteomics data 
sets when compared to 
existing tools. In addition to 
improved protein coverage 
and quantitation capabilities, 
Proteome Discoverer 
3.0 software paired with 
CHIMERYS also facilitates 
faster data acquisition for 
increased sample throughput.

Designed for high sensitivity 
liquid chromatography-mass 
spectrometry applications, 
technical capabilities and 
seamless integration with 
Thermo Scientific PepMap 

Neo Columns 
and Thermo 

Scientific mass-
spectrometry 
portfolio, the 
new Thermo 
Scientific 
Vanquish Neo 
UHPLC System 
and Thermo 
Scientific 
PepMap Neo 
Columns 
help users 
overcome 
limitations of 
existing low-

A selection of new analytical instruments and software introduced over the past few months
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Thermo Scientific 
Vanquish Neo UHPLC 
System

https://908devices.com/products/zipchip/
https://908devices.com/products/zipchip/
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flow LC instruments. Novice 
and expert LC-MS users will 
enjoy accelerated productivity, 
reduced method overhead 
time, and long-term operation 
essential for 24/7 large sample 
cohort analysis.

The Thermo Scientific 
Delta Q Isotope Ratio Mass 
Spectrometer (IRMS) is a next 
generation gas IRMS designed 
to enable detailed analysis with 
greater precision and accuracy. 
In addition to its improved 
specifications, including 
an upgrade in software to 
Qtegra ISDS to dramatically 
improve ease-of-use and 
laboratory productivity, the 
system’s carbon footprint 
will be neutralized, allowing 
scientists to carry out their 
work, while minimizing 

their environmental impact. 
The Delta Q IRMS is the 
first product to be released 
as part of the IsoFootprint 
campaign, an initiative to 
permanently remove CO₂ 
emissions associated with the 
manufacture and supply chain 
of all new inorganic IRMS 
products.

The Thermo Scientific TSQ 
Plus triple quadrupole mass 
spectrometer portfolio 
increases workflow 
throughput through superior 
data acquisition and polarity 
switching speeds. The 
improved low-mass product 
ion transmission efficiency 
enhances sensitivity for key 
target applications. The new 
portfolio, which consists 
of the TSQ Altis Plus, TSQ 
Quantis Plus and TSQ Fortis 

Plus MS, can be 
used across a range 

of applications, 
from targeted 
quantitation to 
cutting-edge 
research. Intuitive 
mass calibration 
routines and method 
optimization, in 
combination with 
market-leading 
chromatography 
and data processing 

software solutions, offers 
improved ease of use to 
address future analytical 
challenges.

Waters
The Waters BioAccord System 
with ACQUITY Premier is an 
integrated high-resolution 
liquid chromatography-
mass spectrometry system 

that simplifies multi-
attribute monitoring of 
biotherapeutics by  
improving analyte recovery 
and assay-to-assay 
reproducibility so that 
regulated laboratories can 
get needed medicines to 
patients faster. It features 
MaxPeak HPS technology 
and the SmartMS-enabled 
ACQUITY RDa mass 
detector, allowing analysts 
of all abilities to monitor 
critical quality attributes of 
biotherapeutics and assess 
the processes that make 
them. •
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Thermo Scientific Delta Q Isotope
Ratio Mass Spectrometer Waters BioAccord System with ACQUITY Premier

Thermo Scientific TSQ Plus triple quadrupole mass spectrometer

https://www.thermofisher.com/uk/en/home/industrial/mass-spectrometry/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-systems/triple-quadrupole-lc-ms.html
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https://www.waters.com/waters/en_GB/BioAccord-LC-MS-System-with-ACQUITY-Premier-for-Routine-Biotherapeutic-Analysis%E2%80%8B/nav.htm?locale=en_GB&cid=135087537
https://www.waters.com/waters/en_GB/BioAccord-LC-MS-System-with-ACQUITY-Premier-for-Routine-Biotherapeutic-Analysis%E2%80%8B/nav.htm?locale=en_GB&cid=135087537
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INTERVIEW / Jonathan Sweedler 

Stepping 
down the 
scale

WHEN ANALYZING biological samples, Jonathan 
Sweedler, chair in chemistry and director of the School 
of Chemical Sciences at the University of Illinois at  
Urbana-Champaign in the US, tends to miss out a lot of 
the usual steps.

“Most proteomics protocols for larger volume samples 
include steps such as desalting the sample or remov-
ing the small molecules. The goals of these steps are to 
make the proteomics more robust. Every one of those 
steps makes you lose some sample and we can’t do any 
of them.”

The reason why Sweedler and his group can’t do any of 
them is because they specialize in analyzing single cells, 
which means very small sample volumes. “If a cell has a 
picoliter of volume, then you don’t have much material to 
work with,” he says. “What we’ve done is learn how to get 
rid of all those extra steps that everybody says are im-
portant because that way we don’t have to lose samples.”

This has involved developing a range of novel meth-
ods, based on capillary electrophoresis and nano-liquid 
chromatography, for separating the tiny volumes and 
then using sensitive techniques such as mass spectrom-
etry to detect the separated analytes. Sweedler and his 
group tend to use commercial mass spectrometers, but 
often modify them in some way, and develop their own 
microfluidic sampling approaches to allow them to ex-
tract the contents of single cells for analysis and their 
own software to allow them to interpret the data.

After spending much of his career 
developing methods to allow him 
to analyze single cells, Jonathan 
Sweedler has now moved on to 
analyzing single organelles within 
those cells

What we’ve done is learn how to 
get rid of all those extra steps that 
everybody says are important because 
that way we don’t have to lose 
samples. 

Small volumes,  
high concentrations
What makes matters slightly easier is that while the 
sample volumes may be small, the analyte concentra-
tions are often quite high. This is especially the case for 
neurons in the brain, which are Sweedler’s main focus. 
“We are good at small volumes in physiologically rele-
vant, high concentration samples,” Sweedler explains, 
“because that’s the way the brain works: things are 
packaged at high levels and released at high levels, but 
in very small volumes.”
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He and his group have analyzed the proteins, neu-
rotransmitters, peptides and lipids in individual neu-
rons from a wide range of organisms, from corals to 
fish to camels to humans. Unlike other cell types, such 
as muscle cells, individual neurons tend to differ quite 
a bit in their chemical composition. In addition, the 
chemical composition of a single neuron can vary quite 
a bit over time, reflecting its central role in learning 
and memory.

“Individual neurons have different connections and 
different chemistry, and so to study that we have to have 

techniques that can look at the single-cell level and we 
have to have techniques that can look around cells to see 
chemically what’s there.”

But neurons aren’t the only cells with a high level of 
variation and so Sweedler and his group have also ap-
plied their single-cell analysis techniques to various 
other cell types. For example, with funding from the 
American Diabetes Association, they are currently ana-
lyzing individual islets of Langerhans, which are cells in 
the pancreas that play a central role in metabolizing glu-
cose by releasing insulin.

“IF YOU’RE 
AN ASPIRING 

ACADEMIC, YOUR 
SUC CESS IS NOT 
DETERMINED BY 

THE RESEARCH 
YOU DO, BUT THE 

RESEARCH YOU 
PUBLISH.”
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“As an individual develops Type 2 diabetes, do some of 
these cells change more than others and how does that 
heterogeneity impact disease expression? It turns out, 
strangely, that islets use all the neurotransmitters I ex-
pect in the brain for sort of the same function – coordi-
nating the output of the cells in an islet together.”

Dense-core vesicles
Recently, they managed to shrink the scale down even 
further, developing a method for chemically character-
izing individual organelles within cells. As they explain 
in a paper in Nature Methods, this involves locating and 
isolating the organelles with light microscopy and then 
analyzing their contents with matrix-assisted laser de-
sorption/ionization mass spectrometry (MALDI MS), 
using an ion cyclotron resonance mass spectrometer 
from Bruker.

As a first test of this method, they used it to analyze 
individual dense-core vesicles in cells from a sea slug, 

Jonathan 
Sweedler with 
the team that 
developed the 
new method 
for chemically 
characterizing 
individual or-
ganelles within 
cells

which is commonly used as a simple model organism in 
neuroscience studies. Vesicles are membrane-bound 
sacs that carry materials between different compart-
ments in the cell.

“The volumes [from the vesicles] are a femtoliter, or 
even down to high attoliter, so wow that’s small,” Swee-
dler says. “On the other hand, the levels of peptides in 
them can reach concentrations of tens of millimolar, 
which sounds easy to detect. But because there’s only 
a femtoliter of volume, we’re talking about 10 to 100 at-
tomoles of material to start with.” Nevertheless, using 
their novel method, Sweedler and his group were able 
to confirm that individual dense-core vesicles contained 
different mixes of lipids and peptides; they weren’t all 
the same.

The ability to analyze individual cells, especially indi-
vidual neurons, has been a long-term goal for Sweedler. 
Biology was his initial scientific interest, but he was per-
suaded to switch to chemistry, which he also enjoyed, U
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for his graduate work. He then swung back towards biol-
ogy during his postdoc, which is when he first proposed 
trying to analyze individual neurons.

“I recently looked at one of my proposals for a faculty 
position and in some ways I’m doing exactly what I said 
I would do: developing techniques to study single cells. 
It took a lot longer than I thought, but I can finally say I 
achieved my goals, it just took 30 years.”

Analytical Chemistry
What was not on his list of goals, however, was becom-
ing editor-in-chief of a major journal, but that hap-

pened around 10 years ago with Analytical Chemistry. 
Indeed, according to Sweedler, it almost happened 
without him realising.

He was asked to be an associate editor by the previous 
editor-in-chief, and when that editor-in-chief retired 
all the associate editors were asked to give feedback on 
their experience of working for the journal. “I got a call 
from somebody I knew was on the search committee, 
who said they were interested in some of my feedback. I 
spoke to this person for an hour about what I thought the 
ideal editor-in-chief would be and I gave lots of names of 
people they should call. So I was really surprised, a week 
later, to be told I was one of the three finalists. I said ‘I 
didn’t apply, what are you talking about’ and they said 
‘Well, we interviewed you and you were the only one that 
didn’t seem to know that’.” 

Only at that point did he decide to formally apply for 
the position. “It wasn’t on my career goals in any way, 
but I enjoy it a lot,” he admits. Being editor-in-chief typ-
ically takes up around 15 hours a week, mostly looking 
at submitted manuscripts but also writing editorials and 
taking part in editorial meetings. “I also travel to differ-
ent places and talk about publication in general – how 
to write a good paper and how to get published – and I 
really find that fun.” These places have included Brazil 
and India, which is handy seeing as Sweedler really likes 
to travel, although the COVID-19 pandemic has curtailed 
his travels over the past year or so.

Work on writing
His experience at Analytical Chemistry has also rein-
forced his belief in the importance of publication, and thus 
also in the importance of being able to write high-quality 
journal papers. “If you’re an aspiring academic, your suc-
cess is not determined by the research you do, but the 
research you publish. So as an academic, besides wanting 
to do research and manage graduate students in a group, 
you really need to work on your writing skills, because 
your success will be determined by writing. And writing 
is not an innate ability, so work on it.”

To further enhance the likelihood of being published, 
the research also needs to have a clearly articulated and 
significant goal. “It’s very frustrating as a journal editor 
when you hear someone say I spent four years develop-
ing this technique, and they seem to have succeeded in 
everything they wanted to do, but you’re not sure why 
anyone would need to do that or care. So think hard 
about why you want to make a measurement, because 
that will help determine how well you do.”

This is advice that Sweedler has definitely followed 
himself, and has led to him achieving his long-term goal 
of being able to analyze single cells and now single orga-
nelles within a cell. Even if he has missed out a few steps 
along the way. •

Think hard about why you want 
to make a measurement, because 
that will help determine how well 
you do.

Jonathan Sweedler / INTERVIEW
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INTERVIEW / Ruth Birner Grünberger 

Pirates 
of the 
proteome

RUTH BIRNER-GRÜNBERGER’S team likes to call 
itself the proteomics pirates, a band of biochemists 
using mass spectrometry to hunt down unknown pro-
teins and unearth key mechanisms in bodily organs. 
With a special focus on proteins linked to lipid metab-
olism, her team at the Vienna University of Technology 
(TU Wien) in Austria, where she is a professor, is help-
ing to develop medical tools for studying heart disease 
and cancer.

Birner-Grünberger moved to TU Wien’s Institute 
of Chemical Technologies and Analytics in 2019, from 
the Medical University of Graz. Indeed, much of her 
academic career has been spent in Graz. She did her 
chemistry degree at the University of Technology of 
Graz (TU Graz), before doing a Masters on bacterial 
membrane lipids and proteins at the Royal Melbourne 
Institute of Technology in Australia. 

In 1998, her Masters supervisor back in Graz – Günter 
Daum – offered her a PhD focusing on mitochondrial 
lipids in yeast. The idea was to isolate the protein re-
sponsible for shuttling a certain lipid from the endo-
plasmic reticulum in yeast cells to the energy-provid-
ing mitochondria. 

Instead of isolating the protein, Birner-Grünberger 
decided to focus on functional genomics, using mass 
spectrometry to compare proteins in wild-type and 
mutant strains of yeast. The yeast genome had just 
been published and the human genome was in the 
process of being sequenced, so the world was alight 
with genomics. 

Armed with fluorescent probes 
and mass spectrometry, Ruth 
Birner-Grünberger is attacking the 
proteins linked to lipid metabolism 
and the role they play in diseases 
like cancer

We still work with this 
technology. We have refined 
it so it can work in living 
cells.
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But for a frustrating two years, Birner-Grünberg-
er’s screens of yeast proteins revealed nothing new. 
“I found all of the known biosynthesis pathways, but 
I wanted to find the proteins that are involved in the 
transport,” she says. 

So she took a step back and decided to change di-
rection, looking instead at molecular function. It was 
a good move. Her first paper from her PhD research 
revealed that a major phospholipid in yeast called 
phosphatidylethanolamine is actually vital for cellular 
respiration, keeping the mitochondria working. Yeast 
turned out to be the perfect model to study because 
the microorganism can survive even if its mitochondria 
are not functioning properly. 

Lipase love
With several research papers now under her belt, Bir-
ner-Grünberger stayed on at Graz to do a postdoc. 
Funded by the Genome Programme of the Federal Min-
istry of Science and Research (GENAU), a group of Graz 
scientists, including Birner-Grünberger, formed a con-
sortium to find an enzyme that liberates fatty acids from 
triglycerides stored in human fat so they can be used to 
produce energy. Such an enzyme, a type of lipase, could 
be important for developing ways to prevent obesity, 
diabetes and heart disease, which can occur when too 
many fatty acids are released into the bloodstream.

Up to that point, hormone-sensitive lipase was the 
only enzyme known to hydrolyse triglycerides in ad-
ipose tissue. In a “thrilling” discovery, the Graz con-
sortium identified another enzyme called adipose 
triglyceride lipase, which catalyzes the initial step in 
triglyceride hydrolysis. In 2004, they reported their 
discovery in a paper in Science.

To find this enzyme, Birner-Grünberger designed 
fluorescent probes that bind specifically to lipase en-
zymes. These “special bait molecules” hook lipases so 
they can be fished out and identified using gel elec-
trophoresis and liquid chromatography-tandem mass 
spectrometry (LC-MS/MS).

“We still work with this technology. We have refined 
it so it can work in living cells,” she says. The probe mol-
ecules can pass through cell membranes, allowing the 
researchers to find enzymes in their native environ-
ment without first having to kill cells. 

After working with the GENAU project, Birner-Grün-
berger moved to the Medical University of Graz to set 
up a proteomics core facility. The university had an 
expensive mass spectrometer that was gathering dust 
and the idea was that Birner-Grünberger would help 
medics with their protein-related research. She also 
managed to persuade the university to let her have her 
own research group, meaning that she was able to con-
tinue with her probe work. 

“MASS SPECTROMETRY 
IS ONE OF THE 

MOST IMPORTANT 
TECHNOLOGIES THAT 
WE HAVE NOWADAYS 

IN LIFE SCIENCE.”

https://doi.org/10.1126/science.1100747
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Why would a cancer cell 
have beneficial growth 
and be more aggressive 
when it grows fat? 

Enzymes in allergies
Birner-Grünberger’s team, together with collaborators 
in Graz, went on to develop probe molecules targeting 
other enzyme classes, including reductases, which re-
duce biomolecules, and proteases, which break down 
proteins. The protease probes, in particular, have come 
in handy for a project on tree pollens linked to allergies. 

As Birner-Grünberger explains, it is thought that 
allergies may develop when proteases in pollen help 
the particles to break through a protective endothelial 
layer inside the nose, kick-starting processes leading 
to allergy. 

With a lack of information on pollen proteins and 
very little genomic information, her team began by 
screening pollen from different trees, finding up to 
3000 proteins per species. They are now homing in on 
particular proteases. “We use probes to find serine and 
cysteine proteases because the enzymes are complete-
ly unknown. It’s really important that we can identify 
these proteins,” she says.

After identifying proteases using the probe technol-
ogy, Birner-Grünberger hopes to create specific inhib-
itors for them. Ultimately, she envisages that it may be 
possible to develop a “protection spray” for people to 
use when the pollen count is high, “like an extra shield 
in the nose”.

Cancer and stress
Her team is also very active in cancer research, work-
ing on human liver and lung samples obtained during 
surgery to excise tumors. In work that ties nicely with 
her postdoc studies, the researchers are looking at how 
lipases affect the growth of lung tumors. 

Here, serendipity has played a role. Graz colleagues 
working on rodents genetically modified to lack a 
specific lipase discovered by chance that the ani-
mals developed lung cancer in old age. Intrigued, Bir-
ner-Grünberger’s team analyzed samples from human 
lung cancer patients to discover that the lipases are 
indeed down-regulated, decreasing lipid hydrolysis. 
“We want to find out why. Why would a cancer cell 
have beneficial growth and be more aggressive when it 
grows fat?” she asks. The researchers are now looking 

Ruth Birner-Grünberger 
in her laboratory

INTERVIEW / Ruth Birner Grünberger 
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for differences between paired healthy and cancerous 
lung samples from patients.

They are also studying liver cancer, focusing on the 
progression from fatty liver to inflammation, fibrosis, 
cirrhosis and, ultimately, cancer. “No-one really knows 
how this is happening and it would be really cool if you 
could reverse this,” she says. For this work, the research-
ers are studying different types of liver cells in vitro to 
look for “cross-talk” between them. Again, lipid hydrol-
ysis seems to play a role in making certain cells more 
likely to become fibrotic, paving the way for processes 
leading to cancer. 

Birner-Grünberger’s team has also developed a new 
technique to measure a key marker for oxidative stress, 
which can cause damage to the body. This marker is the 
ratio between reduced and oxidized forms of an antioxi-
dant called glutathione in the blood. 

Standard techniques for measuring this marker of-
ten give false ratios because the blood oxidizes before 
it is analyzed. So the researchers developed a two-step 
alkylation process, injecting reagents directly into blood 
samples as soon as they are collected to fix the ratio in 
time. In a second alkylation step, reduced glutathione 
(GSH) is labelled with isotopes so that it can be quanti-
fied using mass spectrometry. 

The team has patented this alkylation technique and 
tested it on heart samples. It now hopes that the test can 
be used in a clinical setting to measure oxidative stress 
in patients, to highlight when more specific diagnostic 
tests are required.

Mass spectrometry
Once again, mass spectrometry is a central component 
of this technique, as it has been central to much of Bir-
ner-Grünberger’s work. In TU Wien, she has two Bruk-
er trapped ion mobility spectrometry–time of flight 
(TIMS-TOF) mass spectrometers, which bring a high 
level of sensitivity. 

“Mass spectrometry is one of the most important 
technologies that we have nowadays in life science,” she 
says. “Right now, the field is going into single cell pro-
teomics, which I didn’t think possible three years ago. 
I would have said this is not going to happen in my life-
time.” This single cell capability allows Birner-Grün-
berger and her team to work with very small biological 
samples, such as those from fine needle biopsies.

Away from her “fantastic” team of proteomics pirates, 
Birner-Grünberger leads sailing crews in her spare time, 
as a licensed skipper. She also loves to ski off-piste and 
was able to boost her student income by working as a 
trained ski instructor. Then there’s hiking, swimming, 
gardening, jogging, playing guitar and cooking. Not to 
mention a love of fantasy books and science fiction, and 
of course pirates. •
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