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ROLE OF LC-MS IN HIGH-THROUGHPUT 

SCREENING OF BIOMARKER  
 

Abstract  

 

The identification and quantification of 

biomarkers play a crucial role in biomedical 

research and clinical diagnostics. High 

throughput screening (HTS) methods have 

emerged as powerful tools for rapidly assessing 

numerous biomolecules across large sample 

sets. Liquid chromatography-mass spectrometry 

(LC-MS) has become a leading technology in 

biomarker analysis due to its unparalleled 

sensitivity, selectivity, and versatility. This 

abstract aim to explore the pivotal role of LC-

MS in HTS of biomarker analysis. We begin by 

highlighting the importance of biomarkers as 

key indicators of biological processes and 

disease states, emphasizing the pressing need 

for efficient and accurate screening methods. 

Next, we delve into the principles of LC-MS 

and how it synergistically combines liquid 

chromatography's separation capabilities with 

mass spectrometry's analytical power, enabling 

the identification and quantification of a wide 

range of biomolecules, including proteins, 

peptides, metabolites, and lipids. The 

advantages of LC-MS in HTS become apparent 

when discussing its ability to analyze large 

sample cohorts rapidly. Through automation 

and high-resolution instrumentation, LC-MS 

streamlines the analysis of thousands of 

samples, providing researchers with an 

unprecedented depth of biomarker data. 

Furthermore, LC-MS enables the simultaneous 

measurement of multiple analytes, fostering a 

comprehensive understanding of complex 

biological processes and disease mechanisms. 

This abstract also addresses the challenges and 

advancements in LC-MS technology, such as 

enhancing sensitivity and reproducibility, 

minimizing sample preparation time, and 

implementing robust data analysis pipelines. 

Additionally, we touch upon the integration of 

LC-MS with other omics technologies, such as 

genomics and proteomics, to leverage the 
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collective power of multiple analytical 

approaches. The application of LC-MS in HTS 

of biomarker analysis has found significant 

utility in various fields, including cancer 

research, pharmacokinetic studies, and 

personalized medicine. The ability to rapidly 

screen and validates potential biomarkers 

facilitates early disease detection, patient 

stratification, and monitoring of treatment 

responses, leading to improved patient 

outcomes. In conclusion, LC-MS has 

revolutionized biomarker analysis by playing a 

pivotal role in HTS workflows. Its unparalleled 

sensitivity, high throughput capacity, and 

compatibility with diverse biomolecules have 

significantly advanced our understanding of 

biological systems and disease states. As 

technology continues to evolve, LC-MS will 

undoubtedly remain at the forefront of 

biomarker research, providing invaluable 

insights for future biomedical and clinical 

applications. 

 

Keywords: LC-MS, High throughput 

screening, Biomarker analysis, Liquid 

chromatography-mass spectrometry, 

Biomolecules, Proteins, Peptides, Metabolites, 

Genomics, Proteomics.  
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I.  INTRODUCTION  

 

The rapid advancement of biomedical research and clinical diagnostics has 

underscored the critical role of biomarkers in unraveling complex biological processes and 

disease states. Biomarkers, measurable indicators of normal or pathological biological 

processes, offer invaluable insights into health status, disease progression, and treatment 

responses. To harness the potential of biomarkers effectively, high throughput screening 

(HTS) methods have emerged as indispensable tools for swiftly analyzing a vast array of 

biomolecules across large sample sets. Among the various analytical techniques, liquid 

chromatography-mass spectrometry (LC-MS) has taken center stage due to its exceptional 

sensitivity, selectivity, and versatility(Hollis and Horst, 2007; Rao Gajula and Nanjappan, 

2021; Sun et al., 2005). 

 

Biomarker analysis has become a cornerstone of modern research, allowing scientists 

to decipher the intricacies of physiological systems and diseases with unprecedented 

precision. The ability to identify and quantify biomolecules, such as proteins, peptides, 

metabolites, and lipids, not only contributes to a deeper understanding of biological processes 

but also holds tremendous potential for clinical applications. From detecting early disease 

onset to personalizing medical interventions, biomarkers have revolutionized the landscape 

of healthcare, making their accurate and efficient analysis a paramount goal for researchers 

and clinicians alike(Camperi et al., 2021; Hollis and Horst, 2007; Tuli and Ressom, 2009). 

 

In response to the growing demand for expeditious biomarker analysis, high 

throughput screening has emerged as a transformative technology capable of assessing 

thousands of samples in a remarkably short time frame. HTS methods facilitate the rapid 

exploration of large sample cohorts, providing comprehensive datasets that empower 

researchers to discern patterns, identify novel biomarkers, and validate their functional 

significance. The integration of HTS into biomarker research has propelled the field forward, 

enabling the discovery of diagnostic, prognostic, and predictive biomarkers that are paving 

the way for personalized medicine and targeted therapies(Gautam et al., 2023; Rao Gajula 

and Nanjappan, 2021; Zhou et al., 2012). 

 

Amid the diverse array of analytical technologies available, liquid chromatography-

mass spectrometry has emerged as a leading method in biomarker analysis. LC-MS combines 

two powerful analytical techniques, liquid chromatography and mass spectrometry, to offer 

enhanced separation and detection capabilities. Liquid chromatography employs various 

stationary phases to separate biomolecules based on their physicochemical properties, such as 

size, polarity, and charge, while mass spectrometry measures the mass-to-charge ratio of 

ions, providing high-resolution identification and quantification of analytes. This synergistic 

combination empowers LC-MS to analyze a wide range of biomolecules with unparalleled 

sensitivity and selectivity(Gaurav, 2022; Gaurav et al., 2023, 2022; Gautam, 2022). 

 

The sensitivity of LC-MS allows for the detection of trace amounts of biomolecules, 

even in complex biological matrices, enhancing the likelihood of identifying low-abundance 

biomarkers with significant clinical relevance. Additionally, LC-MS exhibits exceptional 

selectivity, distinguishing between closely related molecules based on their mass-to-charge 

ratios, thereby minimizing false positives and ensuring precise biomarker identification. This 

level of accuracy is vital when exploring complex biological systems, where a multitude of 
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molecules coexist, necessitating a method capable of disentangling intricate molecular 

networks.One of the fundamental advantages of LC-MS in HTS workflows lies in its 

capacity for high throughput analysis. Automation has revolutionized the field, enabling 

researchers to process large sample cohorts efficiently and consistently, while maintaining 

the reproducibility of results. The integration of robotics, liquid handling systems, and data 

processing software streamlines the entire analytical process, reducing the time required for 

analysis and minimizing potential sources of human error(Gaurav, 2022; Khan et al., 2021). 

 

Furthermore, LC-MS's versatility extends beyond single analyte detection, enabling 

multiplexed analysis of multiple biomolecules in a single run. This capability is particularly 

valuable when exploring complex diseases or understanding the interplay between different 

biomolecules within biological systems. By simultaneously quantifying various biomarkers, 

LC-MS provides a holistic view of disease pathology and drug response, ultimately guiding 

more informed clinical decision-making.Despite the numerous advantages, LC-MS-based 

biomarker analysis also presents challenges that demand continuous innovation. Improving 

sensitivity and reducing limits of detection remains a primary focus, as many biomarkers 

occur at ultra-low concentrations in biological samples. Advancements in sample preparation 

techniques and pre-analytical workflows have sought to mitigate these challenges, ensuring 

reliable and accurate measurements. 

 

Additionally; the vast amounts of data generated by HTS methodologies necessitate 

sophisticated data analysis pipelines and bioinformatics tools. Extracting meaningful insights 

from complex datasets requires robust statistical analysis, bioinformatics algorithms, and 

machine learning approaches, facilitating the discovery of relevant biomarker patterns and 

correlations(Gaurav et al., 2020; Ibrahim et al., 2021; Parveen et al., 2020; Zahiruddin et al., 

2021). 

 

The integration of LC-MS with other omics technologies, such as genomics and 

proteomics, is another burgeoning area of research. By amalgamating data from multiple 

analytical platforms, researchers gain a more comprehensive understanding of disease 

mechanisms and potential therapeutic targets. This multi-omics approach offers a holistic 

view of the molecular landscape, fostering a systems biology perspective that transcends the 

reductionist approach of studying individual biomolecules(Deseo et al., 2020). Hence, 

biomarker analysis and high throughput screening have revolutionized biomedical research 

and clinical diagnostics, propelling personalized medicine and precision healthcare to the 

forefront of modern healthcare practices. Liquid chromatography-mass spectrometry has 

emerged as a pivotal technology in this pursuit, offering exceptional sensitivity, selectivity, 

and throughput capacity. From cancer research to pharmacokinetics and beyond, LC-MS has 

enabled the identification, quantification, and validation of diverse biomarkers critical for 

understanding disease processes and guiding therapeutic interventions. As technology 

continues to evolve, the integration of LC-MS with other cutting-edge methodologies 

promises to further advance biomarker research, unlocking new frontiers in biomedical 

science and healthcare delivery(Ahmad et al., 2021; Khan et al., 2022a, 2022b). 

 

II. REVIEW FINDINGS  

 

Liquid chromatography-mass spectrometry (LC-MS) is a powerful analytical 

technique that combines the separation capabilities of liquid chromatography (LC) with the 
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high-resolution detection and quantification abilities of mass spectrometry (MS). This 

synergistic combination has made LC-MS an indispensable tool in biomarker analysis, 

enabling the identification and quantification of a wide range of biomolecules with 

unparalleled sensitivity, selectivity, and throughput capacity. 

 

III.  ROLE OF LC-MS IN BIOMARKERS ANALYSIS 
 

1. Proteins and Peptides: One of the most prominent applications of LC-MS in biomarker 

analysis is in the field of proteomics. Proteins play crucial roles in various biological 

processes, and their expression levels, post-translational modifications, and interactions 

provide vital insights into the functioning of cells and tissues. LC-MS allows for the 

analysis of complex protein mixtures, such as those derived from tissues or biofluids, by 

first separating the proteins based on their physicochemical properties using liquid 

chromatography and then subjecting the separated peptides to mass spectrometric 

detection. Modern LC-MS systems, including high-resolution mass spectrometers and 

advanced fragmentation techniques, enable the identification and characterization of 

thousands of proteins in a single experiment, making it a valuable tool in biomarker 

discovery studies(Alqahtani et al., 2022; Muir et al., 2011; Singh et al., 2021). 

 

2. Metabolites: Metabolites are small molecules that are intermediates or end products of 

cellular metabolic pathways. They serve as direct indicators of cellular activity and can 

provide valuable information about the physiological status of cells and tissues. LC-MS-

based metabolomics allows researchers to identify and quantify metabolites in complex 

biological samples, such as urine, plasma, and tissue extracts. By comparing the 

metabolite profiles of healthy and diseased samples, potential biomarkers associated with 

specific diseases or metabolic states can be identified. LC-MS has found applications in 

various fields, including clinical diagnostics, drug development, and understanding 

disease mechanisms(Gaurav, 2022; Gautam et al., 2023). 
 

3. Lipids: Lipids are a diverse group of biomolecules that serve as essential components of 

cellular membranes and are involved in various cellular processes, including signaling 

and energy storage. Lipidomics, the study of lipids in biological systems, has gained 

significant momentum with the development of LC-MS methodologies capable of 

profiling lipid classes and individual lipid species. LC-MS allows researchers to 

determine lipid composition and quantify changes in lipid levels, offering valuable 

information on lipid metabolism and its role in health and disease(Gaurav, 2022; 

Guenette et al., 2006). 

 

4. Small Molecules: LC-MS is widely used in the analysis of small molecules, including 

drugs and their metabolites, environmental contaminants, and endogenous metabolites. 

For pharmaceutical research, LC-MS plays a pivotal role in drug development, aiding in 

drug metabolism studies, pharmacokinetics, and bioavailability assessments. LC-MS is 

also employed in environmental monitoring to detect and quantify contaminants in 

various matrices, such as water and soil. Additionally, LC-MS-based metabolite profiling 

provides insights into endogenous metabolic pathways and has applications in clinical 

research, nutrition, and personalized medicine(Lai et al., 2015; Singh et al., 2021). 
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5. Peptidomics: Peptidomics focuses on the identification and quantification of endogenous 

peptides, which serve as important signaling molecules and regulators of physiological 

processes. These peptides are often short-lived and present at low concentrations, making 

LC-MS a suitable technique for their analysis. By utilizing LC-MS, researchers can 

identify and characterize bioactive peptides, providing valuable information about their 

roles in various biological functions, such as neurotransmission, immune response, and 

cardiovascular regulation(Huang et al., 2022; Miedzybrodzka et al., 2020; Siddiqui et al., 

2017; Sigdel et al., 2014). 

 

6. Glycans: Glycans are carbohydrate chains that are covalently attached to proteins and 

lipids, influencing various cellular processes, including protein folding, cell adhesion, and 

immune response. The analysis of glycans is particularly challenging due to their 

structural complexity and heterogeneity. LC-MS has become a prominent technique in 

glycomics, allowing for the identification and quantification of glycans in biological 

samples. By combining LC with MS, researchers can achieve higher separation 

efficiency and sensitivity, enabling the detailed analysis of glycan structures and their 

potential roles as biomarkers(Dolashka et al., 2020; Gray et al., 2020, 2016; Manz et al., 

2022). 

 

7. Modified Nucleotides: LC-MS plays a vital role in the analysis of modified nucleotides, 

which are altered forms of DNA and RNA bases resulting from epigenetic modifications 

or DNA damage. These modifications are crucial in regulating gene expression and have 

implications in various biological processes, including development and disease. LC-MS-

based approaches allow researchers to identify and quantify modified nucleotides in 

nucleic acid samples, providing insights into epigenetic changes and potential biomarkers 

associated with specific disease states or environmental exposures(Crittenden et al., 2023; 

Saha et al., 2020; Taoka et al., 2015; Tozaki et al., 2018). 

 

8. Isotopes and Stable-Isotope Labeled Compounds: LC-MS is frequently used in 

quantitative analysis, and stable-isotope labeling techniques have become essential tools 

in biomarker studies. Stable isotopes are non-radioactive isotopes of elements that can be 

incorporated into biomolecules as internal standards. By introducing stable-isotope 

labeled compounds into samples and using LC-MS for quantification, researchers can 

accurately determine the concentration of target biomolecules in complex matrices. This 

approach ensures precise and reliable quantification of biomarkers, particularly in 

metabolomics and pharmacokinetic studies(Aouri et al., 2013; Burton and Wadsworth, 

2007; Mameli et al., 2022). 
 

9. Xenobiotics and Metabolites: LC-MS is extensively used in drug metabolism and 

pharmacokinetics studies, enabling the identification and quantification of drugs and their 

metabolites in biological samples. Understanding the fate of drugs in the body is critical 

for drug development and optimization, as well as for monitoring therapeutic drug levels 

in patients. LC-MS also plays a role in the analysis of xenobiotics and environmental 

contaminants, facilitating their detection and quantification in various samples to assess 

exposure levels and potential health risks(Cancelada et al., 2022; Chavez Soria et al., 

2019; Matysik et al., 2021; Siless et al., 2018). 
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10. Biomarkers of Disease: LC-MS has significantly contributed to the discovery and 

validation of biomarkers associated with specific diseases or pathological conditions. By 

analyzing complex biological samples, such as blood, urine, or tissue extracts, LC-MS 

allows for the identification of disease-specific biomolecules, including proteins, 

metabolites, and lipids. These biomarkers can serve as diagnostic, prognostic, or 

predictive indicators, aiding in early disease detection, disease monitoring, and treatment 

response assessments. LC-MS-based biomarker discovery has promising applications in 

cancer research, cardiovascular diseases, neurodegenerative disorders, and other clinical 

fields(Chao et al., 2021; Dey et al., 2019; Maekawa and Mano, 2022; Ponzini et al., 

2022). 

 

11. Natural Products: Natural products are biologically active compounds derived from 

plants, animals, fungi, and microorganisms. They have served as a rich source of 

pharmacologically active molecules for drug discovery and development. LC-MS plays a 

crucial role in the analysis of natural products, enabling researchers to identify and 

characterize bioactive compounds with potential therapeutic applications. By profiling 

natural product extracts using LC-MS, researchers can pinpoint the presence of specific 

compounds and assess their potential as lead candidates for drug development. 

 

In conclusion, liquid chromatography-mass spectrometry (LC-MS) is a versatile 

and indispensable analytical technique for biomarker analysis. From proteins and 

peptides to metabolites, lipids, and modified nucleotides, LC-MS allows researchers to 

delve into the molecular complexity of biological systems and identify potential 

biomarkers associated with various physiological and disease states. The development of 

high-resolution mass spectrometers, advanced chromatographic techniques, and 

sophisticated data analysis tools has further expanded the capabilities of LC-MsS, making 

it a cornerstone technology in biomedical research, clinical diagnostics, and drug 

development. As technology continues to evolve, LC-MS will undoubtedly play an even 

more prominent role in biomarker discovery, contributing to advances in personalized 

medicine, disease diagnostics, and therapeutic interventions. 

 

Table 1: The Role of LC-MS in High-Throughput Screening of Biomarkers Along 

with Suitable Examples 
 

Biomolecule 

Type 

Role of LC-MS in HTS of 

Biomarker Analysis 

Examples 

Proteins and 

Peptides 

- Identifying and quantifying 

proteins and peptides in 

complex mixtures 

Example: LC-MS is used to 

identify specific protein biomarkers 

in blood samples for early cancer 

detection. 

- High-resolution analysis for 

protein isoforms and post-

translational modifications 

Example: LC-MS/MS is utilized to 

study phosphorylation sites in 

proteins associated with 

Alzheimer's disease. 

- Enabling large-scale proteomic 

studies to discover disease-

specific biomarkers 

Example: LC-MS-based 

proteomics identifies candidate 

biomarkers for heart failure in 

plasma samples. 
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- Facilitating protein-protein 

interaction studies for network 

analysis 

Example: LC-MS is employed to 

investigate protein-protein 

interactions in a signaling pathway 

in cells. 

Metabolites - Profiling metabolic pathways 

and understanding disease-

related changes 

Example: LC-MS-based 

metabolomics reveals metabolic 

alterations in diabetes mellitus. 

- Quantifying small molecules 

for personalized medicine and 

disease monitoring 

Example: LC-MS measures drug 

metabolites in patient plasma to 

optimize medication dosages. 

- Identifying biomarkers for 

metabolic diseases and drug 

responses 

Example: LC-MS identifies 

metabolic biomarkers associated 

with drug-induced liver injury. 

- Enabling pharmacokinetic 

studies and drug metabolism 

analysis 

Example: LC-MS quantifies drug 

levels in blood samples to assess 

drug clearance rates. 

Lipids - Identifying and quantifying 

lipid species in biological 

samples 

Example: LC-MS lipidomics 

characterizes lipid profiles in 

cancer tissue for biomarker 

discovery. 

- Linking lipidomics to diseases 

like obesity, cardiovascular 

disorders, and cancer 

Example: LC-MS identifies 

specific lipids associated with 

coronary artery disease in blood 

samples. 

- Understanding lipid 

metabolism and its implications 

in cellular function 

Example: LC-MS lipidomics 

reveals changes in lipid metabolism 

during cell differentiation. 

- Identifying lipid biomarkers 

for various diseases and 

therapeutic responses 

Example: LC-MS identifies lipid 

biomarkers for evaluating treatment 

response in multiple sclerosis. 

Modified 

Nucleotides 

- Detecting epigenetic changes 

and DNA/RNA base 

modifications 

Example: LC-MS detects 

methylated DNA bases in cancer 

cells to study epigenetic changes. 

- Investigating their role in gene 

regulation and disease 

development 

Example: LC-MS characterizes 

RNA modifications to understand 

their role in cellular processes. 

- Identifying DNA damage and 

its association with 

environmental exposures 

Example: LC-MS quantifies DNA 

adducts as biomarkers of exposure 

to environmental carcinogens. 

- Discovering potential 

biomarkers for cancer and other 

diseases 

Example: LC-MS identifies 

modified nucleotides as potential 

biomarkers for breast cancer. 

Small 

Molecules 

- Quantifying drugs and their 

metabolites for pharmacokinetic 

studies 

Example: LC-MS measures drug 

levels in blood to assess drug 

distribution and clearance. 

- Detecting environmental 

contaminants and toxins 

Example: LC-MS identifies 

pesticide residues in food samples 

to ensure food safety. 
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- Analyzing endogenous 

metabolites for disease 

biomarker discovery 

Example: LC-MS-based 

metabolomics identifies metabolic 

biomarkers for liver disease. 

- Understanding metabolic 

pathways and their regulation 

Example: LC-MS quantifies 

metabolites in a metabolic pathway 

to study enzyme activity regulation. 

Peptidomics - Identifying and characterizing 

endogenous peptides 

Example: LC-MS-based 

peptidomics discovers novel 

bioactive peptides in brain tissue. 

- Exploring their roles as 

signaling molecules and disease 

regulators 

Example: LC-MS identifies 

neuropeptides associated with pain 

signaling in the nervous system. 

- Discovering novel bioactive 

peptides for drug development 

Example: LC-MS identifies 

bioactive peptides in venoms for 

potential therapeutic applications. 

- Studying neuropeptides and 

hormone-derived peptides 

Example: LC-MS characterizes 

hormone-derived peptides in blood 

for endocrine disorder research. 

Glycans - Analyzing the structural 

complexity of glycans 

Example: LC-MS analyzes glycans 

on proteins for understanding cell 

surface receptor interactions. 

- Linking glycomics to diseases 

and biological processes 

Example: LC-MS glycomics 

identifies altered glycosylation 

patterns in cancer cells. 

- Identifying glycan biomarkers 

for cancer and other diseases 

Example: LC-MS identifies 

specific glycan biomarkers in 

serum for cancer diagnosis. 

- Investigating glycan-mediated 

cellular interactions 

Example: LC-MS reveals glycan 

ligands involved in pathogen 

recognition by immune cells. 

Isotopes and 

Stable-Isotope 

Labeled 

Compounds 

- Accurate quantification of 

biomarkers using stable-isotope 

internal standards 

Example: LC-MS quantifies drug 

metabolites using stable-isotope 

labeled internal standards. 

- Ensuring reliable and 

reproducible measurements in 

metabolomics and 

pharmacokinetics 

Example: LC-MS quantifies 

metabolites in biological samples 

with stable-isotope labeled 

standards. 

- Improving data accuracy and 

comparability in biomarker 

studies 

Example: LC-MS uses stable-

isotope labeled peptides to 

standardize quantitative proteomics 

experiments. 

- Enabling precise determination 

of drug concentrations in patient 

samples 

Example: LC-MS quantifies drug 

levels in blood to optimize drug 

dosing in patients. 

Biomarkers of 

Disease 

- Discovery of disease-specific 

biomarkers in various biological 

samples 

Example: LC-MS identifies protein 

biomarkers in cerebrospinal fluid 

for diagnosing Alzheimer's disease. 
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- Early detection and diagnosis 

of diseases using targeted LC-

MS assays 

Example: LC-MS identifies 

specific metabolites in blood for 

early detection of kidney disease. 

- Validation of biomarkers for 

disease prognosis and treatment 

response 

Example: LC-MS quantifies 

protein biomarkers in plasma to 

assess treatment response in cancer 

patients. 

- Enabling precision medicine 

and personalized treatment 

strategies 

Example: LC-MS-based profiling 

of cancer tissue guides 

personalized therapeutic 

approaches. 

Natural 

Products 

- Identifying and characterizing 

bioactive compounds from 

natural sources 

Example: LC-MS identifies 

bioactive compounds in medicinal 

plants for drug discovery. 

- Screening for potential lead 

molecules in drug discovery and 

development 

Example: LC-MS identifies novel 

bioactive compounds from marine 

organisms for drug development. 

- Determining the composition 

and quality of natural product 

extracts 

Example: LC-MS assesses the 

chemical profile of herbal extracts 

for quality control and 

standardization. 

- Assessing the biological 

activity and therapeutic potential 

of natural products 

Example 

 

IV.  CONCLUSION 
 

In conclusion, liquid chromatography-mass spectrometry (LC-MS) has emerged as a 

pivotal technology in high-throughput screening of biomarkers. Its exceptional sensitivity, 

selectivity, and versatility have revolutionized biomarker analysis, enabling the identification 

and quantification of a diverse array of biomolecules, including proteins, peptides, 

metabolites, lipids, and modified nucleotides. LC-MS's ability to rapidly analyze large 

sample cohorts and its capacity for multiplexed analysis have propelled biomarker research 

to new heights, facilitating the discovery and validation of diagnostic, prognostic, and 

predictive biomarkers. Through its integration with other omics technologies, LC-MS has 

provided a holistic view of complex biological systems and disease mechanisms. As a result, 

LC-MS plays a pivotal role in advancing personalized medicine, early disease detection, 

patient stratification, and drug development. Continual advancements in LC-MS technology 

and data analysis methodologies will undoubtedly strengthen its impact in biomarker 

research, paving the way for more precise and effective healthcare strategies. 
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