TOPIC: Characterize Guide RNA for CRISPR Gene Editing by Chromatography and
Mass Spectrometry

What has been happening?
• CRISPR gene editing opens a new era for therapy to treat tough diseases.
• Guide RNA plays a critical role in recognize the DNA cutting sites
• The purity and sequence of RNA have to be controlled to ensure the accuracy
of editing and avoid off-target editing.

What to expect?
Look for high resolution separation methods to separate the complex RNA mixture,
and sensitive mass spectrometry methods to identify and sequence the impurities.
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TOPIC: Mono-distribution separation of complex copolymers

What has been happening?
Separations of very complex copolymers results (often) in non-interpretable 2D-LC
chromatograms where all the distributions are superimposed on top of each
other. Therefore, there is a strong need for very selective mono-distribution
separations.
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What to expect?
New approaches such as IEX, CE, for very selective polymer separations, and the
combined use of multi separation and detection technology will results in new
polymer distribution information.
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Ton Brooijmans, Pascal Breuer, Peter J. Schoenmakers, Ron A.H. Peters, Journal of
Chromatography A 1626 (2020) 461351, https://doi.org/10.1016/j.chroma.2020.461351

TOPIC: Ultra-high speed & minimal dead volume LC systems

What has been happening? A number of hardware solutions has recently been
proposed to achieve 1 second separations and minimize extra-column dispersion
losses [1-3]. These solutions include the use of very short columns and high
pressures [1-2] and the introduction of novel hardware solutions, such as the
column-in-valve column cartridge [3]. In the latter case, an in-house fabricated
column cartridge has been developed that can be screwed directly into the ports
of commercial rotor-stator valves
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What to expect? With a growing interest in 3D-LC, where 1 second separations
are mandatory to arrive at practically feasible analysis times, and a tendency
towards smaller column volumes (as MS-based detection does not require the
high flow rates delivered by 2.1mm and 4.6mm columns) it is clear the industry
needs new hardware solutions to minimize extra-column dispersion losses and
more research in this area can be expected.
Key references
[1] M. Farooq Wahab et al., Anal. Chem. 2016, 88, 8821−8826
D.C. Patel et al., Analytical Chemistry 2018, 90, 5, 3349-3356
[3] V. Pepermans et al., Journal of Chromatography A 1637 (2021) 461779

TOPIC: Molar Masses of Copolymers by Light Scattering

Light scattering of chemically heterogenous polymers provides only an apparent
weight average molar mass.
Obtaining true molar masses requires LS-analysis in at least 3 solvent of different
refractive indices, including determination of copolymer dn/dc in each solvent.
Solubility of polymers often is restricted to a low number of solvents.
Application of solvent mixtures might provide a larger number of “solvents” of
varying refractive index. However, LS in mixed sovents requires dn/dc
determination after dialysis.
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What to expect?
During GPC, effective dialysis occurs. Thus, GPC-LS might provide a convenient
tool for light scattering in mixed solvents, possibly allowing LS of copolymers in
solvent (mixtures) of different refractive index. This approach might allow for true
molar mass determination of heterogeneous copolymers even in a semi
“automatable” approach .
Key references
Radke, W.; J Sep Sci; 39(4):696-702; doi: 10.1002/jssc.201500936.

TOPIC: Micro and nanoplastics in freshwaters and drinking water

What has been happening?
Micro and nanoplastics have recently been detected in drinking water and its
sources and have triggered discussions on implications for human health.
However, there have been questions regarding the quality of these occurrence
studies, since there are no standard sampling, extraction and identification
methods for microplastics.
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What to expect?
There is a significant need to improve quality assurance of micro and nanoplastic
sampling and analysis in water samples. Possible approaches and strategies may
be discussed.
Key references
S. M. Mintenig et al. Water Research 176 (2020) 115723
A.A. Koelmans et al. Water Research 155 (2019) 410
S. M. Mintenig et al. Environ. Sci. Nano 5 (2018) 1640

TOPIC: Unlock macromolecular conformation using separation coupled to multiple
detection
What has been happening?
Novel conformational changes in macromolecular systems for bio-applications
need to be precisely analysed in order to understand how to control their
properties. Such examples are (i) single chain nanoparticles, which are designed
to resemble the folding of natural proteins and (i) pH-responsive polymersomes,
which are designed to act as artificial cells.
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What to expect?
Which are the limiting factors for application of SEC or AF4 and which detectors
deliver the needed information.
Which conformational dependencies help understand macromolecular dimensions
and location of cargo.
Key references
Engelke et al. Polym. Chem. 2020, 11, 6559-6578
Engelke et al. ACS Macro Lett 2020, 9, 11, 1569–1575
Gumz et al. Adv Sci 2019, 6, 1801299.

TOPIC: The need for speed: how to make proteomics more relevant

What has been happening?
Proteomics primarily focusses on ID and Quant of ever increasing numbers of
proteins, where LC-MS experiments can take hours to run and days to analyse.
• High flow-rates enable fast gradients that enforce a change in the analytical
setup, experimental planning which has led to new areas of application
• Fast gradients do not necessarily require different MS capabilities, instead new
computational approaches
What to expect?
• More speed = more data, redarning the traditionally slow moving field scalable
• Fast approaches have ushered in new experimental approaches and conceptual
designs and appliciations
• Patient monitoring will become feasible in a reasonable time frame
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TOPIC: Separating ultra-high molar mass polymers by SEC, HDC, and AF4

What has been happening?
Increasing awareness of the possibility of ultra-high molar mass analytes
degrading during SEC analysis, even under optimized conditions.
• However, SEC has proven more resilient in this regard than some believe.
• Where SEC fails, HDC has emerged as a natural, cost-effective first alternative.
• AF4, while more expensive than HDC, separates over a broader range, is
gentler than SEC or HDC, and serves to also study abnormal elution in SEC.
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What to expect?
Look for increased awareness of on-column, flow-induced degradation in SEC.
Look for increased use of HDC prior to attempting AF4 analysis.
Hope that AF4 vendors increase portfolio of AF4 membrane materials (more
widespread solvent compatibility).
Key references
Meunier, D.M. et al., 2019. ACS Symp. Ser. 1281, 89-109.
Striegel, A.M., 2014. J. Chromatogr. A 1359, 147-155.
Brewer, A.K. et al., 2011. Anal. Chem. 83, 3068-3075.
Otte, T. et al. 2011. J. Chromatogr. A 1218, 4240-4248

TOPIC: Polymer solubility: as easy as it seems?
What has been happening?
The theory of polymer solubility is discussed in Flory book and beyond.
Experimentally, it is however often assumed that transparency of a liquid
containing a polymer and a solvent means the polymer is dissolved. A number of
hydrophilic polymers, starch, chitosan, galactomannans, gellan gums, poly(acrylic
acid) exhibit transparency in conditions where solution–state NMR spectroscopy,
free solution capillary electrophoresis, SEC-LS indicate incomplete dissolution.
What to expect?
Think about what solubiliy means in your research or your application: in SEC or
CE, solubility means that polymer chains are surrounded by solvent molecules but
in NMR spectroscopy, a more local technique, solubility refers to the monomer
unit. Does intermolecular clustering change your solubility or not?
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Rebière J et al.,2016, Analytical Bioanalytical Chemistry, 408, 8403-8414.
Schmitz S et al, 2009, Macromolecular Bioscience, 9, 506-514.

TOPIC: Use of mechanically recycled polymers

What has been happening?
Mechanically recycled polymers are not suitable for original applications due to
impurities etc.
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What to expect?
• Use recycled polymers in original or value added applications like food
packaging, automotive etc. meeting regulations
• Screening of consumer used polymer products and Understanding influence of
sample composition; e.g. mono- vs. multi-layered, impurity profiling
• Understanding sample homogeneity → sampling techniques, at-line
techniques for composition, purifying, fast assessment of recycled streams
Key references
Wahab, D.A. et al, American Journal of Applied Sciences 3 (7): 1924-1928, 2006
Fries, E., et al., 2013. Environ. Sci.: Processes Impacts, 15, 1949
Gewert, B., et al., 2015. Environ. Sci.: Processes Impacts, 17, 1513

TOPIC: Infrared Spectroscopy coupled to mass spectrometry (IR-MS)

What has been happening?
The integration of IR and MS combines the sensitivity and selectivity of MS with
the molecular specificity of IR spectroscopy.
• IR spectrum can be measured for each m/z present
• IR signatures are highly diagnostic for specific functional groups, biomolecular
interactions and substituents: molecular specificity
What to expect?
• Extra selectivity and structural characterization added to MS
• Applications are currently be developed in glycan analysis, secondary structure
elucidation of peptides and peptide aggregates, sunscreens and biomarker
characterization
• Hyphenation with other techniques such as Ion Mobility, LC-MS, etc.
Key references
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Elferink, H., et al., “Direct Experimental Characterization of Glycosyl Cations by Infrared Ion
Spectroscopy”, JACS 140, 6034 (2018).
Hofmann, W. et al., “NFGAIL amyloid oligomers: the onset of beta-sheet formation…” JACS
140, 244-229 (2018).
Berenbeim, J.A. et al., “… Intramolecular Hydrogen Bond that Mediates the Sunscreen
Activity… Phys,Chem.Chem.Phys. 22, 19522-19531 (2020).

TOPIC: Accurate detection of (ultra)high molecular weight polymers in FFF, SEC,
and 2D separations
What has been happening?
Characterization of (ultra)high molecular weight polymers (including
supramolecular structures) by separation-based techniques is challenging due to
phenomena such as shear deformation (SEC) and viscosity gradients (FFF), often
combined with low detectability. Although some progress has been made, this
longstanding challenge continues to complicate the development of successful
applications for (ultra)high MW polymers. Improved concentration detection
(high S/N, minimal drift) would help to overcome aforementioned constraints.
What to expect?
Improved concentration detection of high MW species. Increased use of new
and/or improved alternatives to DRI detection, including selective detection
devices for specific polymer systems (e.g., polyolefins: filter-based IR-5) and more
universal devices (e.g., linearized aerosol-based detectors such as ELSD).
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