CELLULAR PHYSIOLOGY EXPERIMENTAL TECHNIQUES

CELLULAR PHYSIOLOGY EXPERIMENTAL TECHNIQUES ARE THE BEDROCK OF OUR UNDERSTANDING OF LIFE'S FUNDAMENTAL BUILDING
BLOCKS. THESE SOPHISTICATED METHODOLOGIES ALLOW RESEARCHERS TO PROBE THE INTRICATE WORKINGS OF CELLS, FROM THE
MOLECULAR MECHANISMS GOVERNING PROTEIN FUNCTION TO THE COMPLEX SIGNALING CASCADES THAT ORCHESTRATE CELLULAR
BEHAVIOR. W/ ITHOUT A ROBUST ARSENAL OF EXPERIMENTAL APPROACHES, DECIPHERING CELLULAR PROCESSES WOULD REMAIN
LARGELY THEORETICAL. THIS ARTICLE DELVES INTO THE DIVERSE LANDSCAPE OF CELLULAR PHYSIOLOGY EXPERIMENTAL
TECHNIQUES, EXPLORING THEIR PRINCIPLES, APPLICATIONS, AND THE INSIGHTS THEY PROVIDE INTO CELLULAR FUNCTION AND
DYSFUNCTION. WE WILL COVER ESSENTIAL TECHNIQUES FOR STUDYING CELLULAR STRUCTURE, METABOLISM, SIGNALING, AND
MECHANICS, OFFERING A COMPREHENSIVE OVERVIEW FOR STUDENTS, RESEARCHERS, AND ANYONE INTERESTED IN THE CUTTING EDGE
OF CELL BIOLOGY.
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MicroscoPY TECHNIQUES IN CELLULAR PHYSIOLOGY

MICROSCOPY STANDS AS A CORNERSTONE OF CELLULAR PHYSIOLOGY, PROVIDING UNPARALLELED VISUAL ACCESS TO THE
SUBCELLULAR WORLD. THE ABILITY TO VISUALIZE CELLULAR STRUCTURES, THEIR ORGANIZATION, AND DYNAMIC PROCESSES IS
CRUCIAL FOR UNDERSTANDING HOW CELLS FUNCTION. FROM BASIC LIGHT MICROSCOPY TO ADVANCED SUPER-RESOLUTION
TECHNIQUES, THE EVOLUTION OF MICROSCOPY HAS CONTINUOUSLY EXPANDED OUR CAPACITY TO OBSERVE AND ANALYZE
CELLULAR COMPONENTS WITH INCREASING DETAIL AND PRECISION.

LiGHT MiIcrRosCcoPY

TRADITIONAL LIGHT MICROSCOPY, INCLUDING BRIGHT-FIELD, PHASE-CONTRAST, AND DIFFERENTIAL INTERFERENCE CONTRAST
(D|C) MICROSCOPY, ALLOWS FOR THE OBSERVATION OF LIVE OR FIXED CELLS AND THEIR LARGER ORGANELLES. THESE
TECHNIQUES ARE FUNDAMENTAL FOR ROUTINE CELLULAR EXAMINATION, CELL COUNTING, AND MONITORING BASIC CELLULAR
MORPHOLOGY. PHASE-CONTRAST AND DIC ARE PARTICULARLY VALUABLE FOR VISUALIZING UNSTAINED, TRANSPARENT
SPECIMENS, SUCH AS LIVING CELLS IN CULTURE, BY EXPLOITING DIFFERENCES IN REFRACTIVE INDEX TO CREATE CONTRAST.

FLUORESCENCE MICROSCOPY

FLUORESCENCE MICROSCOPY REVOLUTIONIZED CELLULAR OBSERVATION BY ENABLING THE SPECIFIC LABELING AND VISUALIZATION
OF CELLULAR COMPONENTS. THIS TECHNIQUE RELIES ON FLUOROPHORES, MOLECULES THAT ABSORB LIGHT AT ONE WAVELENGTH
AND EMIT IT AT A LONGER WAVELENGTH. BY ATTACHING FLUOROPHORES TO SPECIFIC PROTEINS, ORGANELLES, OR NUCLEIC
ACIDS, RESEARCHERS CAN PINPOINT THEIR LOCATION AND TRACK THEIR MOVEMENT WITHIN THE CELL. CoNFOCAL MICROSCOPY, A
SUBTYPE OF FLUORESCENCE MICROSCOPY, USES A PINHOLE TO REJECT OUT-OF-FOCUS LIGHT, RESULTING IN SHARPER IMAGES AND
THE ABILITY TO RECONSTRUCT THREE-DIMENSIONAL CELLULAR STRUCTURES.

SupPErR-ResoLUTION MICROSCOPY

PUSHING THE BOUNDARIES OF OPTICAL RESOLUTION BEYOND THE DIFFRACTION LIMIT OF LIGHT, SUPER-RESOLUTION MICROSCOPY
TECHNIQUES HAVE EMERGED AS POWERFUL TOOLS FOR INVESTIGATING NANOSCALE CELLULAR STRUCTURES. TECHNIQUES LIKE
STORM (StocHASTIC OPTICAL RECONSTRUCTION MICROSCOPY), PALM (PHOTOACTIVATED LOCALIZATION MICROSCOPY),



AND STED (STIMULATED EMISSION DEPLETION) MICROSCOPY CAN ACHIEVE RESOLUTIONS OF TENS OF NANOMETERS, ALLOWING
FOR THE VISUALIZATION OF INDIVIDUAL MOLECULES AND THEIR INTERACTIONS. THIS LEVEL OF DETAIL IS ESSENTIAL FOR
STUDYING MOLECULAR ASSEMBLIES, PROTEIN COMPLEXES, AND THE FINE ARCHITECTURE OF CELLULAR ORGANELLES.

ELECTROPHYSIOLOGICAL METHODS FOR STUDYING CELLULAR FUNCTION

ELECTROPHYSIOLOGY IS INDISPENSABLE FOR UNDERSTANDING THE ELECTRICAL PROPERTIES OF CELLS, PARTICULARLY EXCITABLE
CELLS LIKE NEURONS AND MUSCLE CELLS, BUT ALSO NON-EXCITABLE CELLS INVOLVED IN VARIOUS SIGNALING PATHWAYS. THESE
TECHNIQUES MEASURE ELECTRICAL CURRENTS AND POTENTIALS ACROSS CELL MEMBRANES, PROVIDING INSIGHTS INTO ION
CHANNEL FUNCTION, MEMBRANE POTENTIAL DYNAMICS, AND CELLULAR EXCITABILITY.

PATcH-CLAMP RECORDING

THE PATCH-CLAMP TECHNIQUE IS A HIGHLY SENSITIVE METHOD FOR RECORDING IONIC CURRENTS THROUGH INDIVIDUAL ION
CHANNELS OR ACROSS WHOLE CELL MEMBRANES. IN ITS VARIOUS CONFIGURATIONS (CELL‘ATTACHED, WHOLE-CELL, INSIDE-OUT,
OUTSIDE‘OUT)I IT ALLOWS RESEARCHERS TO ISOLATE AND STUDY THE ACTIVITY OF SPECIFIC ION CHANNELS, DETERMINE THEIR
GATING PROPERTIES, AND INVESTIGATE THE EFFECTS OF DRUGS OR OTHER STIMULI ON CHANNEL FUNCTION. THIS TECHNIQUE HAS
BEEN INSTRUMENTAL IN CHARACTERIZING THE ION CHANNELS RESPONSIBLE FOR ACTION POTENTIALS AND OTHER ELECTRICAL
PHENOMENA.

VoLTAGE-CLAMP AND CURRENT-CLAMP RECORDING

VOLTAGE-CLAMP RECORDING MAINTAINS THE CELL MEMBRANE POTENTIAL AT A FIXED LEVEL, ALLOWING RESEARCHERS TO
MEASURE THE IONIC CURRENTS THAT FLOW ACROSS THE MEMBRANE IN RESPONSE TO IMPOSED VOLTAGE CHANGES. THIS IS
CRUCIAL FOR DISSECTING THE CONTRIBUTIONS OF DIFFERENT ION CHANNELS TO THE OVERALL MEMBRANE CURRENT. CONVERSELY,
CURRENT-CLAMP RECORDING INJECTS A KNOWN CURRENT INTO THE CELL AND MEASURES THE RESULTING CHANGES IN MEMBRANE
POTENTIAL, WHICH IS ESSENTIAL FOR STUDYING ACTION POTENTIALS AND SYNAPTIC POTENTIALS.

BIoCHEMICAL AND MOLECULAR ASSAYS FOR CELLULAR PHYSIOLOGY

BIOCHEMICAL AND MOLECULAR ASSAYS ARE CRITICAL FOR QUANTIFYING AND CHARACTERIZING THE MOLECULAR COMPONENTS OF
CELLS AND THEIR INTERACTIONS. THESE TECHNIQUES ALLOW RESEARCHERS TO MEASURE THE ABUNDANCE OF PROTEINS, NUCLEIC
ACIDS, AND METABOLITES, AS WELL AS TO STUDY ENZYME ACTIVITY, PROTEIN"PROTEIN INTERACTIONS, AND SIGNALING
PATHWAYS.

\WESTERN BLOTTING

W/ESTERN BLOTTING IS A WIDELY USED TECHNIQUE FOR DETECTING SPECIFIC PROTEINS IN CELL OR TISSUE LYSATES. |T INVOLVES
SEPARATING PROTEINS BY SIZE USING GEL ELECTROPHORESIS, TRANSFERRING THEM TO A MEMBRANE, AND THEN PROBING WITH
ANTIBODIES SPECIFIC TO THE TARGET PROTEIN. THIS ALLOWS FOR THE QUALITATIVE AND QUANTITATIVE ANALYSIS OF PROTEIN
EXPRESSION LEVELS AND POST-TRANSLATIONAL MODIFICATIONS.

EnzyMe-LINKED IMMUNOSORBENT Assay (ELISA)

ELISA IS A SENSITIVE IMMUNOASSAY USED TO DETECT AND QUANTIFY THE PRESENCE OF SPECIFIC ANTIGENS (SUCH AS
PROTEINS) OR ANTIBODIES IN A SAMPLE. |T RELIES ON ENZYME-CONJUGATED ANTIBODIES THAT PRODUCE A DETECTABLE COLOR
CHANGE OR SIGNAL WHEN BOUND TO THE TARGET MOLECULE. ELISA IS WIDELY EMPLOYED FOR MEASURING HORMONE LEVELS,
DETECTING DISEASE BIOMARKERS, AND QUANTIFYING PROTEIN CONCENTRATIONS.



PoLyMerASE CHAIN ReEacTioN (PCR) anb QUANTITATIVE PCR (QPCR)

PCR 1S A POWERFUL TECHNIQUE FOR AMPLIFYING SPECIFIC SEGMENTS OF DNA, ENABLING THE DETECTION AND ANALYSIS OF
GENES. QPCR, ALSO KNOWN AS REAL-TIME PCR, ALLOWS FOR THE QUANTIFICATION OF DNA orR RNA LEVELS IN A SAMPLE.
THESE TECHNIQUES ARE ESSENTIAL FOR STUDYING GENE EXPRESSION, IDENTIFYING GENETIC MUTATIONS, AND MONITORING THE
PRESENCE OF PATHOGENS.

MAsSS SPECTROMETRY

MASS SPECTROMETRY IS A VERSATILE ANALYTICAL TECHNIQUE USED TO IDENTIFY AND QUANTIFY MOLECULES BASED ON THEIR
MASS-TO-CHARGE RATIO. IN CELLULAR PHYSIOLOGY, IT IS USED IN PROTEOMICS TO IDENTIFY AND QUANTIFY PROTEINS, IN
METABOLOMICS TO ANALYZE CELLULAR METABOLITES, AND IN LIPIDOMICS TO STUDY LIPID PROFILES. THIS TECHNOLOGY
PROVIDES A COMPREHENSIVE SNAPSHOT OF THE CELLULAR MOLECULAR LANDSCAPE.

CELL IMAGING AND SPECTROSCOPY

BeYonD BASIC MICROSCOPY, ADVANCED IMAGING AND SPECTROSCOPIC TECHNIQUES PROVIDE DEEPER INSIGHTS INTO CELLULAR
BIOCHEMISTRY AND DYNAMICS. THESE METHODS OFTEN INVOLVE THE USE OF FLUORESCENT PROBES OR THE INHERENT OPTICAL
PROPERTIES OF CELLULAR MOLECULES TO GLEAN INFORMATION ABOUT CELLULAR ENVIRONMENTS, METABOLIC STATES, AND
MOLECULAR INTERACTIONS.

FLUORESCENCE RESONANCE ENerRGY TRANSFER (FRET)

FRET IS A BIOPHYSICAL TECHNIQUE USED TO STUDY MOLECULAR INTERACTIONS AND CONFORMATIONAL CHANGES WITHIN CELLS.
|T RELIES ON THE ENERGY TRANSFER BETWEEN TWO FLUORESCENT MOLECULES (A DONOR AND AN ACCEPTOR) WHEN THEY ARE IN
CLOSE PROXIMITY (TYPICALLY 1-10 NM). BY OBSERVING CHANGES IN FLUORESCENCE EMISSION, FRET CAN REVEAL WHEN TWO
PROTEINS BIND OR WHEN A PROTEIN UNDERGOES A STRUCTURAL CHANGE.

CALCIUM IMAGING

CALCIUM IONS (CA2+> ARE CRUCIAL SECOND MESSENGERS INVOLVED IN A VAST ARRAY OF CELLULAR PROCESSES, INCLUDING
MUSCLE CONTRACTION, NEUROTRANSMITTER RELEASE, AND GENE EXPRESSION. CALCIUM IMAGING TECHNIQUES USE FLUORESCENT
INDICATORS THAT CHANGE THEIR FLUORESCENCE INTENSITY OR SPECTRUM IN RESPONSE TO CA2+ BINDING, ALLOWING
RESEARCHERS TO VISUALIZE AND QUANTIFY CALCIUM TRANSIENTS WITHIN LIVING CELLS.

RAMAN SPECTROSCOPY

RAMAN SPECTROSCOPY IS A NON-DESTRUCTIVE TECHNIQUE THAT ANALYZES THE VIBRATIONAL MODES OF MOLECULES,
PROVIDING A CHEMICAL FINGERPRINT OF CELLULAR COMPONENTS. |T CAN BE USED TO IDENTIFY AND QUANTIFY LIPIDS, PROTEINS,
NUCLEIC ACIDS, AND OTHER BIOMOLECULES WITHIN LIVING CELLS AND TISSUES WITHOUT THE NEED FOR LABELING. THIS LABEL-
FREE APPROACH IS VALUABLE FOR STUDYING CELLULAR METABOLISM AND DRUG EFFECTS.

HIGH-THROUGHPUT SCREENING METHODS

IN MODERN DRUG DISCOVERY AND FUNDAMENTAL RESEARCH, HIGH"THROUGHPUT SCREENING (HTS) HAS BECOME INDISPENSABLE.
THESE METHODS ALLOW FOR THE RAPID TESTING OF THOUSANDS OR EVEN MILLIONS OF COMPOUNDS OR GENETIC VARIATIONS TO
IDENTIFY THOSE THAT MODULATE SPECIFIC CELLULAR FUNCTIONS OR PATHWAYS.



AUTOMATED MICROSCOPY AND IMAGE ANALYSIS

AUTOMATED MICROSCOPY SYSTEMS, COUPLED WITH SOPHISTICATED IMAGE ANALYSIS SOFTWARE, ENABLE THE SCREENING OF
LARGE CELL POPULATIONS OR LIBRARIES OF COMPOUNDS. BY CAPTURING AND ANALYZING VAST NUMBERS OF IMAGES, THESE
SYSTEMS CAN IDENTIFY CELLULAR PHENOTYPES, MEASURE PROTEIN LOCALIZATION, AND QUANTIFY CELLULAR RESPONSES TO
VARIOUS TREATMENTS.

RePorRTER GENE ASSAYS

REPORTER GENE ASSAYS ARE A CORNERSTONE OF HTS FOR STUDYING GENE REGULATION AND PATHWAY ACTIVATION. A
REPORTER GENE (E.G., LUCIFERASE, GREEN FLUORESCENT PROTEIN) IS PLACED UNDER THE CONTROL OF A PROMOTER THAT IS
RESPONSIVE TO A SPECIFIC SIGNALING PATHWAY. WHEN THE PATHWAY IS ACTIVATED, THE REPORTER GENE IS EXPRESSED,
LEADING TO A MEASURABLE SIGNAL (E.G./ LIGHT, FLUORESCENCE) THAT INDICATES PATHWAY ACTIVITY.

GENETIC AND EPIGENETIC MANIPULATION TECHNIQUES

UNDERSTANDING THE ROLE OF SPECIFIC GENES AND EPIGENETIC MODIFICATIONS IN CELLULAR PHYSIOLOGY OFTEN REQUIRES DIRECT
MANIPULATION OF THE CELLULAR GENOME AND EPIGENOME. THESE TECHNIQUES ALLOW RESEARCHERS TO PRECISELY ALTER GENE
EXPRESSION, INTRODUCE MUTATIONS, OR MODIFY EPIGENETIC MARKS TO STUDY THEIR FUNCTIONAL CONSEQUENCES.

CRISPR-CAs9 GeNE EDITING

CRISPR-CAS9 IS A REVOLUTIONARY GENE-EDITING TECHNOLOGY THAT ALLOWS FOR PRECISE AND EFFICIENT MODIFICATION OF
DNA SEQUENCES. |T CAN BE USED TO KNOCK OUT GENES, INTRODUCE SPECIFIC MUTATIONS, OR INSERT NEW GENETIC MATERIAL
INTO THE GENOME. THIS HAS GREATLY ACCELERATED THE STUDY OF GENE FUNCTION IN CELLULAR PHYSIOLOGY.

RNA INTERFERENCE (RNAI)

RNAI IS A NATURAL BIOLOGICAL PROCESS THAT CAN BE HARNESSED TO SILENCE GENE EXPRESSION. BY INTRODUCING SMALL
INTERFERING RNAS (SIRNAS) or SHORT HAIRPIN RNAS (SHRNAS) THAT ARE COMPLEMENTARY TO A TARGET MRNA
RESEARCHERS CAN TRIGGER THE DEGRADATION OF THE MRNA , THEREBY REDUCING THE PRODUCTION OF THE CORRESPONDING
PROTEIN. THIS IS A POWERFUL TOOL FOR STUDYING THE FUNCTION OF GENES IN CELLULAR PROCESSES.

CHROMATIN IMMUNOPRECIPITATION (CHIP)

CHIP IS USED TO STUDY THE INTERACTION OF PROTEINS WITH DNA, PARTICULARLY TRANSCRIPTION FACTORS AND HISTONE
MODIFICATIONS ASSOCIATED WITH EPIGENETIC REGULATION. THE TECHNIQUE INVOLVES CROSSLINKING PROTEINS TO DNA,
FRAGMENTING THE DNA, AND THEN USING ANTIBODIES TO PRECIPITATE SPECIFIC PROTEIN-DNA COMPLEXES. THE PRECIPITATED
DNA CAN THEN BE ANALYZED BY SEQUENCING (CHIP-SEQ) TO IDENTIFY THE GENOMIC REGIONS BOUND BY THE PROTEIN OR
MODIFIED.

MECHANOBIOLOGY T ECHNIQUES

MECHANOBIOLOGY IS AN EMERGING FIELD THAT INVESTIGATES HOW PHYSICAL FORCES INFLUENCE CELLULAR BEHAVIOR AND
FUNCTION. UNDERSTANDING THE MECHANICAL PROPERTIES OF CELLS AND THEIR RESPONSES TO MECHANICAL STIMULI IS CRUCIAL
FOR PROCESSES LIKE CELL MIGRATION, TISSUE DEVELOPMENT, AND DISEASE PROGRESSION.



AToMic Force Microscopy (AFM)

AFM IS A HIGH-RESOLUTION SCANNING PROBE MICROSCOPY TECHNIQUE THAT CAN MEASURE FORCES AT THE NANOSCALE. IN
CELLULAR PHYSIOLOGY, AFM IS USED TO PROBE THE MECHANICAL PROPERTIES OF CELL MEMBRANES, CYTOSKELETAL
STRUCTURES, AND EXTRACELLULAR MATRIX. |T CAN MEASURE CELL STIFFNESS, ADHESION FORCES, AND THE FORCES GENERATED
BY CELLULAR PROCESSES.

TRACTION FOrcE Microscory (TFM)

TFM IS USED TO MEASURE THE FORCES EXERTED BY CELLS ON THEIR SUBSTRATE. CELLS ARE CULTURED ON A DEFORMABLE
SUBSTRATE (E.G., A GEL CONTAINING FLUORESCENT MICROBEADS). AS THE CELL EXERTS FORCES, IT DEFORMS THE SUBSTRATE,
CAUSING THE MICROBEADS TO DISPLACE. BY TRACKING THE DISPLACEMENT OF THE BEADS, RESEARCHERS CAN MAP THE
DISTRIBUTION AND MAGNITUDE OF FORCES APPLIED BY THE CELL.

MicrorFLUIDIC DEVICES

MICROFLUIDIC DEVICES OFFER CONTROLLED ENVIRONMENTS FOR STUDYING CELLULAR RESPONSES TO SHEAR STRESS, TENSILE
FORCES, AND OTHER MECHANICAL CUES. THESE DEVICES ALLOW FOR PRECISE MANIPULATION OF FLUID FLOW AND THE CREATION
OF SPECIFIC MECHANICAL GRADIENTS, ENABLING RESEARCHERS TO INVESTIGATE HOW CELLS RESPOND TO DYNAMIC MECHANICAL
ENVIRONMENTS RELEVANT TO PHYSIOLOGICAL CONDITIONS LIKE BLOOD FLOW OR TISSUE DEFORMATION.

FAQ

QZ \WHAT ARE THE MOST COMMON CHALLENGES WHEN PERFORMING CELLULAR
PHYSIOLOGY EXPERIMENTS?

A: COMMON CHALLENGES INCLUDE MAINTAINING STERILE CELL CULTURE CONDITIONS, ENSURING THE VIABILITY AND HEALTH OF
CELLS, ACHIEVING ADEQUATE SIGNAL-TO-NOISE RATIOS IN IMAGING EXPERIMENTS, OPTIMIZING ANTIBODY CONCENTRATIONS FOR
W/ESTERN BLOTS, AND PROPERLY INTERPRETING COMPLEX DATASETS FROM HIGH-THROUGHPUT SCREENS. TECHNICAL EXPERTISE
AND RIGOROUS EXPERIMENTAL DESIGN ARE CRUCIAL TO OVERCOME THESE HURDLES.

Q: HOw HAS ADVANCED MICROSCOPY IMPROVED OUR UNDERSTANDING OF CELLULAR
PHYSIOLOGY?

A: ADVANCED MICROSCOPY, PARTICULARLY SUPER-RESOLUTION TECHNIQUES, HAS ALLOWED RESEARCHERS TO VISUALIZE
CELLULAR STRUCTURES AND MOLECULAR INTERACTIONS AT RESOLUTIONS PREVIOUSLY UNATTAINABLE. THIS HAS ENABLED THE
STUDY OF NANOSCALE PROTEIN ORGANIZATION, THE DYNAMICS OF MOLECULAR MACHINES, AND THE FINE ARCHITECTURE OF
ORGANELLES, PROVIDING UNPRECEDENTED INSIGHTS INTO CELLULAR FUNCTION.

Q: WHAT IS THE SIGNIFICANCE OF PATCH-CLAMP ELECTROPHYSIOLOGY IN STUDYING
ION CHANNELS?

A: PATCH-CLAMP ELECTROPHYSIOLOGY IS VITAL FOR DIRECTLY MEASURING THE ELECTRICAL CURRENTS FLOWING THROUGH
INDIVIDUAL ION CHANNELS OR GROUPS OF CHANNELS. THIS ALLOWS RESEARCHERS TO CHARACTERIZE THE KINETICS, SELECTIVITY,
AND PHARMACOLOGY OF ION CHANNELS, WHICH ARE FUNDAMENTAL TO UNDERSTANDING NERVE IMPULSE TRANSMISSION, MUSCLE
CONTRACTION, AND CELLULAR SIGNALING.

Q: How ARE BIOCHEMICAL ASSAYS USED TO STUDY CELLULAR SIGNALING PATHWAYS?

A: BIOCHEMICAL ASSAYS LIKE WESTERN BLOTTING AND ELISA ARE USED TO DETECT AND QUANTIFY THE ABUNDANCE OF KEY



PROTEINS INVOLVED IN SIGNALING CASCADES. TECHNIQUES SUCH AS MASS SPECTROMETRY CAN IDENTIFY POST-TRANSLATIONAL
MODIFICATIONS, LIKE PHOSPHORYLATION, WHICH ARE CRITICAL FOR REGULATING PROTEIN ACTIVITY AND TRANSMITTING SIGNALS
WITHIN THE CELL.

QZ \WHAT ARE REPORTER GENE ASSAYS AND WHY ARE THEY IMPORTANT IN HIGH-
THROUGHPUT SCREENING?

A: REPORTER GENE ASSAYS EMPLOY A REPORTER MOLECULE (E.G., LUCIFERASE) LINKED TO A PROMOTER THAT IS ACTIVATED BY
A SPECIFIC SIGNALING PATHWAY. MEASURING THE REPORTER SIGNAL ALLOWS FOR RAPID ASSESSMENT OF PATHWAY ACTIVITY,
MAKING THESE ASSAYS ESSENTIAL FOR SCREENING LARGE LIBRARIES OF COMPOUNDS TO IDENTIFY POTENTIAL DRUGS OR
MODULATORS OF CELLULAR PROCESSES.

Q: How poes CRISPR-CAS9 GENE EDITING CONTRIBUTE TO CELLULAR PHYSIOLOGY
RESEARCH?

A: CRISPR-CAS9 ENABLES PRECISE AND EFFICIENT TARGETED MODIFICATION OF THE GENOME. RESEARCHERS CAN USE IT TO
KNOCK OUT SPECIFIC GENES, INTRODUCE POINT MUTATIONS, OR INSERT REPORTER GENES TO STUDY THE FUNCTION OF INDIVIDUAL
GENES OR GENETIC VARIATIONS IN CELLULAR PROCESSES, THEREBY DISSECTING COMPLEX PHYSIOLOGICAL MECHANISMS.

Q: WHAT ROLE DOES MECHANOBIOLOGY PLAY IN UNDERSTANDING CELLULAR HEALTH
AND DISEASE?

A: MECHANOBIOLOGY EXPLORES HOW PHYSICAL FORCES INFLUENCE CELL BEHAVIOR. TECHNIQUES LIKE AFM AND TFM ALLOW
US TO MEASURE CELLULAR MECHANICAL PROPERTIES AND FORCES. [UNDERSTANDING THESE MECHANICAL CUES IS CRITICAL FOR
PROCESSES SUCH AS TISSUE DEVELOPMENT, WOUND HEALING, AND THE PROGRESSION OF DISEASES LIKE CANCER AND FIBROSIS,
\WHERE ALTERED CELL MECHANICS ARE OFTEN OBSERVED.

Q: CAN YOU EXPLAIN THE PRINCIPLE BEHIND FLUORESCENCE RESONANCE ENERGY
TraNsrer (FRET)?

A: FRET RELIES ON THE NON-RADIATIVE TRANSFER OF ENERGY BETWEEN TWO FLUORESCENT MOLECULES, A DONOR AND AN
ACCEPTOR, WHEN THEY ARE IN VERY CLOSE PROXIMITY (TYPICALLY WITHIN 10 NANOMETERS). |T IS USED TO DETECT PROTEIN-
PROTEIN INTERACTIONS OR CONFORMATIONAL CHANGES WITHIN A CELL BY OBSERVING CHANGES IN THE FLUORESCENCE EMISSION
OF THE DONOR AND ACCEPTOR FLUOROPHORES.
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