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Letter from the Editor
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LC–MS is a versatile method used to separate compounds based on their weight and affinity for the mobile and stationary phases of the column. Proteins and complex peptides, which are large and non-volatile, can be easily separated by LC–MS and different column chemistries can be used such as reversed phase liquid chromatography.

The use of LC–MS in early discovery stage-workflows enables rapid screening of large compound libraries for activity against biological targets. This technique can accelerate the early drug screening process, identifying compounds with potential – known as drug leads – and reduce time spent on discovering inefficient leads.

During our Spotlight, we have explored LC–MS technologies used to accelerate drug discovery, different instrumentation and emerging industry trends. Read on for some of my highlights; you can access this content and much more by visiting our LC–MS in early discovery-stage workflows Spotlight.

Kind regards,

Naamah Maundrell

Editor-in-Chief




The principles of acoustic ejection mass spectrometry: an interview with Chang Liu


What is acoustic ejection mass spectrometry (AEMS) and how does it work?

There are two critical parts in the AEMS technology. The first part is the Acoustic Droplet Ejection (ADE) module, which uses the focused acoustic energy to non-contact eject sample droplets out of the standard microplates. Another part of the AEMS system is the Open-Port Interface (OPI), which is positioned above the microplate. The continuous liquid flow in OPI captures the acoustically dispensed sample droplets and delivers it to the standard ESI-MS for the high-throughput readout.

The integration of ADE with OPI is a like a perfect marriage. We bring the fast, precisely controlled, low-volume sampling to the direct liquid transferring sampling interface without cross-contamination to achieve this label-free, universal ESI-MS based detector with high ionization efficiency and robustness.



What are the advantages of AEMS?

Obviously, the first benefit is the speed. AEMS provides more than an order of magnitude faster sample readout speed than the conventional ‘gold standard’ LC–MS technology, allowing scientists to achieve results faster and enabling them to move more assays from the non-MS platform to the AEMS system.

AEMS is not only a faster alternative of LC–MS, it also addresses many bottlenecks in the high throughput analysis workflow. Since the sample process is contact-free, and due to the continuous self-wash nature of the open-port interface (OPI), the carry-over problem between samples has been eliminated. In addition, AEMS technology is fully compatible with the high-density well format, including the direct ejection from the 1536-well plate.

Another important benefit of AEMS is the greatly simplified sample preparation and method development. Due to the great matrix tolerance provided by the in-line matrix dilution for more than 1000x, the ionization suppression could be significantly reduced or even completely eliminated for a complex biological matrix. Thus, the labor-intensive sample preparation could be greatly simplified, further accelerating the total assay turn-around.



SCIEX have introduced the Echo® MS System – what challenges does this new platform mitigate?

There has been always the dilemma of choosing the analytical platform for the high-throughput analysis with a trade-off between speed and data quality. The LC–MS system could provide the high-quality results, but the slow analytical throughput cannot afford the analysis over a big sample set (from 100k to several million-size compound library). The fluorescence-based detection could provide a high read-out speed, but the label-coupled endpoint may confound the results. AEMS is a revolutionary technology that provides the high quantity quantitation performance at a very fast readout speed.

Because of these advantages, lots of the ‘impossible’ becomes viable now and scientists are re-thinking what the analytical workflow could look like with this new tool. The results turnaround is immediate now. The kinetics measurement does not require parallel samples or quenching operations, since it could be measured in situ. The blank ejections and even internal standards are not necessary anymore. We think we just scratched the surface of the benefits of this technology and we believe it could revolutionize the field of high-throughput analysis.



What are the key features of the Echo® MS System?

The Echo® MS System could provide up to 50x faster analytical throughput than the conventional LC–MS based workflow, while maintaining the great data quality for quantitation. The system has high robustness and is carryover free, thus blank ejection could be avoided. The system has great matrix tolerance, allowing direct analysis from the complex biological matrix without any sample clean-up, which significantly reduces the efforts required for the sample preparation and method development. In addition, this Echo MS system is compatible with high-density microplates, including the 1536 format.



What are your predictions for the next 5–10 years in this field?

In the next 5–10 years, we predict this chromatography-free high-throughput analytical platform could be used widely in various industries. We hope this revolutionary technology could induce transformative change to the conventional workflow, thus diagnosing disease more accurately, developing therapeutic medicines better and faster as well as helping to provide heathier food and a better environment.





Echo® MS System for high-throughput analysis

This presentation outlines the analytical challenges in MS-based screening, acoustic ejection mass spectrometry technology and the application of the Echo® MS System beyond drug discovery and development.
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View the full presentation on Bioanalysis Zone here>>




LC–MS/MS technology for large and small molecule quantitation: key challenges in drug discovery

In this commentary from Shashyendra Singh Gautam (Biocon Bristol-Myers Squibb R & D Center, Karnataka, India), explore the use of LC–MS/MS technology for large and small molecule quantitation, key challenges associated with the technology and the application of LC–MS/MS in drug discovery bioanalysis. Read an excerpt below or read the full article on Bioanalysis Zone>>

LC–MS/MS technology is one of the most powerful analytical tools available and is pivotal in answering questions in drug discovery and the development of both small and large molecules. The instrument’s versatility, robustness, selectivity and sensitivity make it a gold standard for small molecule bioanalysis, and it is making firm strides in achieving the same with large molecule quantitation.

LC–MS/MS technology is preferred by many analytical scientists, owing to its numerous advantages. However, as with any other technology, LC–MS/MS has a few unique challenges which may not be due to LC–MS/MS per se, but perhaps due to its allied techniques like sample preparation, the software, various approaches, etc.

One of the key challenges LC–MS/MS inherits from the working principle of the mass spectrometer is based on mass to charge ratio (m/z) meaning conditions that influence ionization can influence the reliability and reproducibility of the assay. The most utilized ionization technique is electrospray ionization (ESI). The most widely accepted theories of how the charge is transferred in the gas state are CRM (charge residue module) and IEM (ion evaporation mechanism), which are still not enough to interpret the ion formation [1]. The topmost adversary for LC–MS/MS in small or large molecule space is the ‘matrix effect’. In the matrix effect, it is believed that the co-eluting matrix components hamper the ionization efficiency of the molecule – interfering with the analyte’s ability to remain charged in the gas phase – while also increasing the surface tension of the droplet or increasing the electric resistance [2], leading to variable ionization. The best remedy is to present a cleaner sample to a mass spectrometer using the best sample preparation technique.

The second-best approach is to try changing the way we ionize the molecule switching from ESI to APCI (atmospheric pressure chemical ionization) or APPI (atmospheric pressure photoionization) and to optimize the chromatographic conditions. Neither of these approaches however guarantee success, until it is determined experimentally. The matrix effect will remain a challenge until there is a complete understanding of the charge transfer or a discovery of a novel mode of ionization, which could overcome any matrix interferences.

Discovery bioanalysis focusses on high-throughput screening of the compounds, based on predetermined desirable compound properties. To screen these compounds, a fit-for-purpose analysis is performed. Protein precipitation is the most common sample preparation technique adopted for LC–MS/MS-based bioanalysis. Protein precipitation is not the best technique to remove the matrix components but is ideal for running the analysis in high throughput mode. The challenges in discovery bioanalysis are numerous: viz., stability, reproducibility, interferences (metabolite, matrix, etc), dynamic range, sensitivity, etc. The bioanalytical scientist needs to be aware of these challenges. A bioanalytical scientist is expected to be judicious in accepting the data and prudent in making any decisions based on the data.

he other key challenge with LC–MS/MS is the mass range, almost all the mass spectrometers do not work beyond the 2000–4000 m/z mass range. The reason being the working principle of the quadrupoles analyzers that work on the RF (alternating) to DC (static) voltage interplay. This limitation restricts the analysis of large molecules (endogenous proteins, biotherapeutics, protein biomarkers, etc). Among the various approaches explored to address the limitation, the bottom-up approach is the most widely used. This approach utilizes the use of proteases to cut the proteins in small fragments (peptides) which are well within the limits of the mass spectrometer. There are, however, a few challenges with this approach too, including the fact that only a part of the protein can be measured and that extrapolating the data to the entire protein could lead to false positives. This approach does not answer what is happening at the intact protein level (for example, catabolism, post-translational modification, etc.). There is also usually a lack of optimal internal standard (IS) which can track the sample preparation and system performance. Lastly, this approach is tedious, long, requires specialist expertise as well as an understanding of protein chemistry.

Find out what other challenges are  involved in applying LC-MS/MS-based bioanalysis and how to address these challenges by reading the full article on Bioanalysis Zone>>




The SCIEX Triple Quad™ 7500 LC–MS/MS System – QTRAP® Ready

Enter a new era of sensitivity with the SCIEX Triple Quad™ 7500 LC–MS/MS System – QTRAP® Ready.

GO BEYOND your current limits of sensitivity, productivity targets, ruggedness and robustness challenges—Pioneer discoveries with the SCIEX 7500 System.
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SCIEX Triple Quad™ 7500 LC–MS/MS System – QTRAP® Ready

INCOMPARABLE gateway to a new realm of sensitivity. Experience up to a 7X increased in sensitivity enabled by D Jet™ Ion Guide and integrated E Lens™ Technology. Start detecting the previously undetectable and quantify at lower levels with impressive precision when analyzing your crude and complex samples. Get ready to expand and simplify your workflow with a linear dynamic range of up to six orders magnitude.

INGENIOUS breakthrough innovation. Expand your laboratory capabilities to test dirty and complex samples. The new D Jet Ion Guide will allow you to characterize analytes that were once masked by matrices. The unique design of the ion guide retains and captures more of the ion plume. And, the evolution of the legendary Turbo V™ Ion Source is here. The new OptiFlow® Pro Ion Source simplifies sample prep and utilizes E Lens Technology to sample more ions so that you can get more from your ESI workflows.

PRODUCTIVE, measurable gains. Move your workflow to this highly sensitive instrument to enter a new dimension of efficiencies, compound analysis and sample testing. The SCIEX 7500 System is powered by SCIEX OS Software, a platform for this next generation of mass spectrometers. Experience intuitive software features and functions complemented by visual aids and components to enable quick, accurate, and confident data review on the SCIEX 7500 System.

Watch the product video>>

Download the brochure>>

Request a quote>>




The use of LC–MS in bioanalytical discovery: an interview with Salinda Wijeratne


Could you explain the key principles of LC–MS and how you use the technique at Covance?

With the evolution in tandem mass spectrometry (MS) coupled with liquid chromatography (LC) in the mid-1990, this platform became popular as an analytical tool for analyzing therapeutics in complex matrices due to its capability to provide multidimensional selectivity and superior sensitivity. LC–MS is a powerful tool offering two layers of selectivity. The first layer is the chromatographic separation of the biological sample depending on the chemical nature of each component. The second layer is the selectivity gained through the separation of ions based on their mass-to-charge ratio. This high level of selectivity provides confidence in the quantitative data generated for study support in discovery bioanalysis. The evolution of the LC–MS platform has also continued to push the limit of detection and attainable LLOQs. At Covance Discovery Bioanalytical, we perform both small and large molecule quantification via LC–MS in a variety of matrices from simple to complex and unconventional. The high selectivity offered by LC–MS is exploited to develop high throughput assays with minimal optimization and lead time. This enables us to maintain quick turn-around-time from method development to sample analysis using a qualified assay.



What are some of the key challenges in using LC–MS for large molecule (LM) quantitation?

Bioanalysis of LM therapeutics mainly depends on the lessons learned from small molecule quantification. I believe that a careful evaluation is needed to reliably apply the qualified method to the discovery samples. LM therapeutics are different from small molecules in not only size but also in structural complexity and their ability to facilitate post-translational modifications. This multifaceted, complex information is accommodated by attaining multiple electronic charge states in LC–MS. From a quantification standpoint, the multi-charge state introduces many challenges in LC–MS workflows, in terms of gaining adequate sensitivity and selectivity. In order to develop an effective LC–MS method, this platform is coupled with offline sample preparation strategies. Peptide or protein level enrichment coupled with protein digestion can be used to improve selectivity and sensitivity. These workflows are inherently time-consuming and contain multiple steps each of which require optimization. Apart from this workflow complexity, lack of standardized reagents, variability in protein digestion and longer digestion times are key challenges for throughput and assay quality. In addition, finding a suitable internal standard is critical when using a discovery grade assay to analyze the samples. Most common approaches use a stable labelled protein or peptide. However, a stable labelled protein might not be available for all drug candidates in the discovery phase, while longer synthesis times for stable label peptide also poses a challenge for quick turn-around times. In discovery bioanalysis these challenges can be overcome by standardizing each step, using generic reagents, employing a universal stable labelled protein internal standard and using best in class sample preparation technologies.



What techniques do you use for tissue processing and analysis by LC–MS?

Tissue bioanalysis at early stages of drug discovery is very important in understanding the extent of the drug distribution to help predict toxicity, efficacy and exposure levels. Non-radiolabeled studies are typically supported by LC–MS and tissue processing is required to extract the analyte of interest before analysis. Determining proper homogenization technique while ascertaining the stability of the analyte remains a challenge for developing high throughput LC–MS based tissue methods. In the discovery phase, we perform a vast variety of tissues analysis and our standard approach is to employ mechanical homogenization to process these tissues. The tissue samples are diluted 5- or 10-fold with water/acetonitrile mixtures depending on the sample size and the target LLOQ. Adding a certain percentage of organic into the homogenization solution improves the solubilization of the drug. To analyze the study samples, calibration standards (CALs) and quality control (QC) samples are typically prepared in the same matrix. This is the most straightforward approach we have found with over 50 years of experience in analyzing tissues.

A surrogate matrix, such as plasma or buffers, can be used but for discovery studies with typically small sample counts, the best approach is to match the matrix for CALs and QCs to the study samples to minimize matrix effects. In routine discovery tissue analysis, these optimized conditions will minimize the overall study time while providing high quality data.



What are your predictions for the next 5–10 years in this field? What do you hope to see?

LC–MS-based discovery bioanalysis will continue to grow with the advent of complex biologics and increased interest in biomarkers. The complexity of the existing LM therapeutics and advent of new drug modalities demand more selectivity, sensitivity and resolution to produce multidimensional data which can be facilitated by high resolution MS. With the leap in technology in terms of better instrumentation, improved ion-optics, more sensitive detectors, larger dynamic range and sophisticated automation; we can expect to see improvement in the selectivity, sensitivity and throughput of the assays. In the coming years, we can expect high-resolution mass spectrometry to be more prevalent in discovery bioanalysis.





The Echo® MS System

Conquer throughput barriers with the Echo® MS System

This ultra-high sample throughput system for Acoustic Ejection Mass Spectrometry (AEMS) delivers speed, scale and reproducibility with unyielding data quality. The Echo® MS System leverages industry leading quantitative MS technology from SCIEX to deliver a highly sensitive solution that can redefine your current and future high-throughput workflows.
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Echo® MS System

SPEED: Conquer throughput barriers with sampling speeds up to 3 samples per second when multiplexing, or 1 sample per second when going well to well with AEMS technology. The Echo® MS System allows you to RUN FAST and enter a new era in high-throughput quantitative analysis. INGENIOUS breakthrough innovation.

SCALE: Expedite your research and project timelines and break through the bottlenecks of conventional LC-MS/MS. Transform project timelines and go from weeks to a matter of days, while retaining the precise, information-rich answers that let you make decisions faster.

REPRODUCIBILITY: Unparalleled standards of quantification. The Echo® MS System has a vast capacity for high-throughput screening with consistent and precise reproducibility in challenging matrices.

Watch the product video>>

Download the brochure>>

Request a quote>>




Crucial importance of evaluating internal standards (IS) response and troubleshooting in effective LCMS method development, validation and sample analysis

Internal standards (IS) are commonly used in chromatographic analytical methods to correct for variability in sample processing and analysis. To achieve this, a constant amount of IS is added to all samples – except for a double blank in a batch – including calibration standards (CALS), quality controls (QCs), and subject samples prior to the initiation of extraction procedures. Therefore, by design, the responses of IS from all samples in an analytical run are anticipated to be similar to each other.

However, in some instances, we observe variability in IS responses, even among samples processed and analyzed concurrently. It is worthwhile to note that since the IS selected for a method should have similar physicochemical properties of the analyte of interest, variability of IS response in many cases may not impact the accuracy of the data, provided that IS behaves in a similar fashion as the analyte and reflects changes to the analyte that occur during sample processing and analysis. Under these conditions, for example, if ranges of IS responses for CALS, QCs and subject samples are comparable across an entire analytical run, IS variability in subject samples is unlikely to impact the accuracy of the data. In other circumstances, however, IS response variability may require additional investigations to ensure measurements of subject sample concentrations are accurate.

However, handling IS irregularity solely based on a pre-set criteria and subsequent routine repeat analysis are not always effective in detecting potential problems nor provide sufficient information regarding the root causes of the variability or data accuracy.

Read the foreword>>




The future of LC–MS: an interview with Anne Kleinnijenhuis

In this interview, Anne Kleinnijenhuis (Triskelion; Zeist, The Netherlands) describes his current research focus, and what first began his interest in LC–MS. Anne goes on to discuss the challenges involved in the techniques he uses, and specifically identifies the key challenges he faces when utilizing LC–MS. Anne concludes by discussing regulating and standardizing LC–MS before speculating on the future of the technology.
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Watch the video on Bioanalysis Zone here>>




Optimization of microflow LC–MS/MS and its utility in quantitative discovery bioanalysis

Discovery bioanalysis is an integral part of drug discovery by providing analytical support for screening and characterization of adsorption, distribution, metabolism, excretion, pharmacokinetics (PK) and toxicokinetics of new chemical entities [1–3].

LC–MS/MS is the driving force in accomplishing a large amount of quantification work in discovery bioanalysis, owing to its unique capability of high-throughput, fast turnaround and high sensitivity [4–7]. To help achieve the goal of profiling and triaging for a large number of diverse compounds through various in vitro and in vivo screenings in drug discovery, the LC–MS/MS methods used in discovery bioanalysis are mainly ‘fit for purpose’, namely, to provide satisfactory data for the vast majority of compounds by utilizing a generic, ballistic gradient typically at a flow rate of 0.5–1.0 ml/min on columns with an inner diameter of 2.1–4.6 mm on conventional LC [8–10] in order to achieve a fast turnaround time of impactful data to guide further characterization of promising chemotypes.

There are cases, however, where sensitivity requirements for the compounds are not met with these generic methods or workflow, examples of which include compounds with insufficient mass spectrometric ionization efficiency, or highly potent compounds and hence low sample concentrations. Thus ‘null or below limit of quantitation (BLQ) results’ reported from biological assays for such compounds, could possibly result in false negatives and discarding of compounds with desirable biological activities.

Furthermore, there is a growing need to perform high-sensitivity bioanalysis for protein therapeutics and biomarkers with LC–MS/MS. It is, therefore still of significance for discovery bioanalytical scientists to find solutions to analysis of these challenging compounds, so to be able to provide meaningful biological results and advance discovery projects.

Read the research article>>
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