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Encyclopedia of Experiments

. Drosophila melanogaster
2 (fruit fly)

This collection features research methods using the model organism Drosophila melanogaster at each stage of its life
cycle to explore a wide range of physiological and behavioral questions.

Embryo Embryo
Larva |
Microinjection of Drosophila Nurse Cells O Drosophila Egg Collection and Dechorionation
Pu pa A Method of Intracellular Delivery i A Method to Remove the Outermost Egg Layer
Adult
Preparation of Fixed Drosophila Oocytes for - Chorion and Vitelline Membrane Mechanical
iy - i
Immunostaining i [ ] Removal
vy A High-Throughput Method to Fix and Remove the Outer Membrane A Method to Prepare Drosophila Oocytes for Direct Observation
‘ . 0 . . s "
. Microinjection of Live Drosophila Embryos

==yl a Early Delivery of Reagents to the Developing Embryo

Drosophila Larva Imaginal Disc Dissection
A Method to Observe Developing Epithelia

Drosophila Burrowing and Tunneling Assay
A Method to Assess Tissue Hypoxia in Fly Larvae

Two-Photon Laser-Induced Neural Injury
A Method to Observe Axon Degeneration and Regeneration in Drosophila

Drosophila Neuromuscular Junction (NMJ)
Quantification

A Method to Assess Synaptic Morphology and Funetion Larvae
Larval Fillet Preparation s Be&iiii. Cuticle Disruption
A Method to Visualize Intact Sensory Neurons and Associated A Method to Collect Hemolymph from Drosophila Larvae
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This collection features research techniques for the metazoan Caenorhabditis elegans. This nematode worm is a

) Caenorhabditis elegans powerful model system due to its transparent body, defined developmental plan, robust genetic tools, and neuro-

Basic Methods Basic Methods

Microscopy P
‘ Nematode Synchronization - Single Worm PCR
Behavior e, A Method to Obtain Populations of Werms in Identical Stages of A Method to Extract and Amplify Genomic DNA
/ Development

Anatomy and
Physiology

Lifespan Analysis — Egg Laying Assay
Cell Bil!)l()g‘)‘r - et Measuring C. efegans Longevity A Method to Quantify the Egg-Laying Benavior of C. efegans

[~ [l
Genetics ;
- Gonad Microinjection
R A Method of Compound Delivery Directly into the Germline of C. efegans
Microscopy
Freeze-Cracking of Nematodes Nematode Slide Preparation
A Method to Expose Interior Worm Tissues for Staining A Method to Mount Animals on an Agar Pad

Calcium Imaging
A Method to Visualize Neural Activity in Live C. elegans

i = T

Behavior
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=== Danio rerio (zebrafish)

This collection features research methods using the model organism Danio rerio in its embryo, larva, and aduit stages

1o explore physiological and behavioral questions and create disease models for screening various chemicals.

Embryo Embryo

Larva

CAU M AL B A

Embryo-Based Chemical Toxicity Screen
Assessing Effects on Developing Zebrafish Embryos

Light Sheet Microscopy Sample Preparation

Mounting Live Zebrafish Embryos for Long-Term Imaging

Agar Mounting
A Basic Method of Mounting Live Zebrafish Embryos for Long-Term

Imaging

Whole-Cell Patch Clamp Electrophysiology

A Method to Study Electrical Properties of Neurons

Photomotor Response Assay
A Method to Measure the Behavioral Response of Larval Zebrafish to a

Sudden Change in Lighting Condition

Escape Response Assay

Mating and Egg Staging

A Method o Generate Embryos and Sort Them by Developmental Stage

Layered Agar Mounting
Preparing Live Zebrafish Embryos for Long-Term Imaging with an

Inverted Microscope

Two-Photon Laser Axotomy
A Method to Injure Axons in Zebrafish Embryos and Observe Axonal

Recovery

Embryo Microinjection
A Technique to Deliver a Compound into the Zebrafish Yolk

Prey Capture Assay

A Method to Study the Prey Capture Behavior of Zebrafish Larva

Zebrafish Avoidance and Thigmotaxis Assay
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MNeonate

Adult

Encyclopedia of Expariments

Rodent Models

Embryo

Meonate

Adult
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This collection featires reseanch methods using rodent models in embrpoec, neonatal, and aduft stages. The
techninues nciude in vitne and invive ongan perfusion, tisase and organ isol 2tkon, microbial alturing, biechemical
stfies, organ tansplant methedologees, behavioral st and surgical procedures.

Injection of Microbubbles into Isolated Mouse
Embryos

A Technigoe to Def

crnhosbhls Contrast Aaoent= intn the

Vasculatore of ire Embnyos

Methylene Biue Dye Injection in Mouse Embryonic
Lrinary Tract

A Method To Aszess the Songensmal Obstruction inthe Urmary Fract

Meonatal Mouse Ovary Isolation

A Surgicel Proosdune 1o Hasvest Palr of Ovanies from Neon=ial Moase

Moy e

Apical Resection Meconatal Mouse Model
A Surgical Prooceders o Amputste the Venincufar Spex bo Skady
Regenerative Potential in 2 Heomet= Mouse Heare

Dissection of Palate Tissue from Adult Murine
Model
A Surgical Proceduns to Hamnve=t Hard Palate and Scft Paleie froon Ceal

Carvrty of Aduit Mouze

Mouse Antral Qocyte isolation
A Fethmd 1o ixciye Antrel Oocytes from Freshiy Harvested Bouse

Ohvaries

High-frequency Uitrasonography Based Early
FPregnancy Characterization

& Technigue to Stady Embryo implasmiation asd Pregosncy Brogiessicn
in Pregeesnt Murine biodef

Generating Murine Model of Myocardial infarcrion
A Surgical Procedune= fo

nre=ment Ligation of Lefl Anterior

Prenatal Mouse Embryos Retrieval

£ Frocedor= to Harvest Embryos froen Pregoant Mowrss

Modeling Transuterime Fetal Tracheal Occlusion in
Murine Model

A Suegical Procedere for Ligation of the Fersl Trachea WhbEn a Pregnsmt

Mouse

White and Brown Adipose Depot Collection from
Mouse Pup

A Suspical Procedurs o Harwext the White Adiposs Tis=os and Brown

A dipose Tissues from Mows= Pap

Isolation of Circemvallate Papillae (CWP) Epithelium
from Mouse Model

A Eneymmtc Procedurs to Beparaie VP E

threlaamn frcems bicuze

Torigar=

Exertional Heat Stroke Mouse Maodel

£ Frorooal to Study Mecksnisms Undedying Exertionsd Hest Seroles

Cardiopulmonary Complex Decellularization

A Techrgiss for Decefait from bunine Fod=|

Tximg Hesrt snd Lundg

Swab-based Conjunctival Commensal Bacteria
Isolation
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Procedures and
techniques
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In vitro studies .
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This collection features biomedical research methods employed in research laboratories to advance breast cancer
prevention, detection, and freatment.

Procedures and techniques

Orthotopic Injection into the Mammary Fat Pad
Establishing Breast Cancer in Mice

Orthotopic Injection
Implanting Tissue Specific Cancer Cells into an Adult Mouse

Intraductal Injection

Delivering Injection Mix into the Ducts of the Mouse Mammary Gland

Portal Vein Injection
A Method to Study Cancer Metastasis to the Liver

Spatial Measurement of Tumor Interstitial Fluid

Pressure
A Method to Measure the Interstitial Fluid Pressure

Mechanical Dissociation

A Method to Obtain Viable Celis from a Tissue

Lymphedema Ultrasonography

A Technique to Measure the Change in Thickness of an Affected Tissue

Radical Mastectomy
Surgical Removal of the Entire Mammary Gland from a Mouse 1o Study

Cancer Progression

zPDX-Analysis of Invasiveness
Investigating Invasive Behavior of Metastatic Cancer Cells in Zebrafish
Embryo Xenografts

India Ink Inflation
A Staining Method to Visualize Tumor Nodules

Rabbit Intraductal Injection
Localized Detivery of Solution of Interest into the Rabbit Mammary

Gland

Sample Preparation for Metabolomics
A Method to Prepare Cell Samples for Metabolite Profiling

=
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In vitro study

In vivo study

Ex vivo study
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Lung Cancer

In vitro study
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This collection highlights some of the latest protocols in lung cancer research. The collection covers techniques
relating to the generation of lung cancer animal models, cancer cell characterization, treatment and detection
strategies, in vitro culture studies, assays and isolation techniques that facilitate lung cancer research.

In Vitro Phototoxicity Assay
A PDT-based Method to Evaluate the Phototoxic Potential of a

Photosensitizer in Lung Cancer Cells

Cell Cycle Analysis
An Approach to Study Cell Cycle Regulation of miRNA-transfected Lung
Cancer Cells

Antibody Microarray
A Technique to Study the Proiein Expression of miRNA Treated Lung

Cancer Cells

3-Dimensional Culture of Lung Carcinoma Cells
A Method To Study Cell-Matrix Interactions

RNA Extraction Assay

A Method to Extract RNA from miRNA Transfected Lung Cancer Cells

miRNA Extraction

A Method to Extract miRNA from Plasma Sample

Exosome Isolation
A Technique to Separate Exosomes from the Piasma of Non-small Cell
Lung Cancer Patients

3D Co-culture of Lung Cancer Cells with CAFs

An In Vitro Model System to Study Tumor Progression

Immunofluorescence Assay
A Method to Identify Tumor Cells Captured on a Medical Wire

Dose Escalation
A Methed for Developing Drug Resistance in Cancer Celis

Colony Formation Assay
Assessing the Efficacy of Anticancer Agents on Colony-Forming Lung

Cancer Cells

3D DNA FISH

A Technique to Locate a Specific Gene on a Chromosome
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Cell isolation & characterization
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May-Grunwald Giemsa Staining
A Method to Stain Bone Marrow Celis

Magnetic-Activated Cell Sorting
A Method to Isolate c-Kit Positive Celis

Density Gradient Centrifugation
A Method to Isofate CLL Cells from Peripheral Blood

L J 2 x
® .0 '. Leukemic Subpopulation Harvest
A Method for Spatial Separation of Leukemic Cell Subpopulations from
L) w
2D Co-culture

Retro-Orbital Blood Sampling
A Method for Isolating Mononuclear Celis from the Retro-Orbital Sinus

of a Mouse

Bone Marrow Harvest from Mouse Hind Limb

Research v

Education v Authors Librarians About Premna Bhanushali v

D

Leukemia reflects cancer primarily resuliing from an elevated number of white blood celis in the body. This collection
features a set of in vitro assay techniques to analyze leukemic cell growth and metabolism, cell isolation and culture
methods, approaches to characterize and study cellular morphology, and genetic manipulation procedures.

T-Cell Enrichment
A Technique to Isolate T-Cells from Mixed Cell Population by Magnetic

Separation

BrdU Immunofluorescence Staining
A Technique to ldentify Celis in Different Phases of Cell Cycle

Negative Immunomagnetic Selection
A Method to Purify B-cells from Peripheral Blood Mononuclear Cells

G-10 Column Based Leukemia Cell Sorting
A Method to Purify Acute Lymphoblastic Leukemia Cells from Bone

Marrow Stromal Celis

Bone Marrow Aspiration
L3 A Method to Obtain Bone Marrow to Examine Cell Morphology

Bone Marrow-Derived Dendritic Cells Generation
A Method to Generate Dendritic Cells from Mouse Bone Marmow
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DNA, Cells, and Evolution

Protein Function

DNA Repair and Recombination

Gene Expression

Mendelian Genetics
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Studying DNA and RNA

JoVE Core Molecular Biology showcases the molecular processes of the cell
through clear and concise animated video lessons. Additionally, in scientist-
in-action videos, these concepts’ application is demonstrated through real

experiments in modem laboratories.

Biochemistry of the Cell w} Protein Structure

DNA and Chromosome Structure VJ_J_)_.LJ-—-‘-—’J- DNA Replication

Transcription: DNA to RNA Translation: RNA to Protein

Additional Roles of RNA

Genomes and Evolution Cell signaling Pathways

Analy_zmg Gene Expression and cell Proliferation
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Conserved Binding Sites

ry out their functions, Many proteins’ biological role depends on their interactions

molecules that bind to spec

s (PP1s) essential for an

Active

— e
Protein ————

Metallic ions
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= 4 J @ / 3 C
A - A 4
< Protein-Ligand Non-active

Ligand wo_~$0u o Allosteric site

The Equilibrium Binding Constant and Binding Cofactors and Coenzymes Allosteric Regulation
Strength

Enzymes require additional compenents for proper function. Allosteric regulation of enzymes occurs when the binding of

The equilibrium binding constant (Kb) quantifies the strength There are two such clas of molecules: cofactors and ecule to a different location from the active s
of a }:‘I":Jt‘?,’_'-f‘gaﬂc interaction. Kb can be caiculated as coenzymes. Cofactors are metallic..
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SCIENTISTS IN ACTION

Assaying Protein Kinase Activity with Analyzing Protein Architectures and Protein- Quantification of Protein Interaction Network
Radiolabeled ATP Ligand Complexes by Integrative Structural Mass Dynamics using Multiplexed Co-
Spectrometry Immunoprecipitation

Protein n ss oft y Dynamic protein-protein interacti
behavior, from motility to DNA repli

transduction. However, monitoring dynamic




CHAPTER 2

Summarizing and Visualizing Data

KEY TERM

=5

variance in grade 1

® Unique Decoding

B Common Variance

» Unique Language

Unexplained Variance

Decomposing the Variance in Reading
Comprehension to Reveal the Unique and
Common Effects of Language and Decoding

The Simple View of Reading is a popular mode! of reading
that claims that reading is the product of decoding and

language, with each component..

Measuring Light-Switching Behavior Using an
Occupancy and Light Data Logger
Due 1o discrepancies

between self-reported and observed

pro-envircnmental behavior, re

searchers suggest the use of

more direct measures of behavior

ISTS IN ACTION

Observation and Analysis of Blinking Surface-
enhanced Raman Scattering

From a single molecule at a silver nanoag

gregate junction

blinking surface-enhanced Raman scattering (SERS) is

4
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Curriculum-focused video resources that support teaching
and learning of commonly taught introductory labs.

Step-by-step instructions for each lab experiment from 3 perspectives ...

Instructor Concept Student
Preparation S Protocol
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Acid and Base Concentrations

EDUCATION

Acid and Base Concentrations

PROCEDURE

:= PRINT PROCEDURE STEPS

Research v Education v
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Source: Smaa Koraym at Johns Hopkins University, MD, USA

1. Preparation of ~0.1 M NaOH

In the first part of the lab, you will use a 50% w/w solution of NaOH to prepare
500 mL of ~0.1 M. The 50% w/w NaOH is indicative of its weight ratio. For
example, if the instructor prepared 150 mL of the 50% w/w NaOH solution, then

~—~ Fas e .~

-

2 N i . A
Y ADD TO FAVORITES | (ADETOIBEAVEISTES 5

ibrasi Al Murat Cenk Celen

PROCEDURE

Preparation of ~0.1 M NaOH
Standardization of 0.1 M NaOH
Titration of phosphoric acid

Results
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Experimental Psychology

Cognitive Psychology

Advanced Biology [ 6 collections |

This collection presents the fundamentals of behavior This coilection provides a framework for observing how This collection describes a number of influential paradigm:
1euroscience and focuses on the concepts of learning, psychological experiments are embedded in the actual used to study complex mental processes underlying

nemory, cognition, movement, addiction and behavioral research process, starting from the initial research design attention, perception, learning and memory.

Chem istrv [ 6 CO' |eCtIOnS ] fisorders to arriving at conclusions in a study

Clinical Skills [ 6 collections |
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Engineering [ 8 collections ] I\

Neuropsychology

collection explores the experimental domains of This collection presents muitidisciplinary techniques in

or, neurophysiology, anatomy, and functional imaging

Environmental Sciences [ 3 collectir

cesses - hig dynamic changes that to help diagnose brain damage and mental disorders

pughout infancy and childhood

Physics [ 2 collections |
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JOVE Book

w
: = JoVE Book: Chemistry makes undergraduate chemistry courses more enriching and

productive for professors and students. Use this novel resource to teach your class, and

sct our on-staff scientists if you have questions.

3 Matter and Measurement ( g = ‘ Atoms and Elements // Sy Molecules, Compounds, and Chemical Equations

Chemical Quantities and Aqueous Reactions - o Gases ‘ Thermochemistry

vi { v / Electronic Structure of Atoms Periodic Properties of Elements Chemical Bonding - Basic Concepts

Liquids, Solids, and Intermolecular Forces Solutions and Colloids

“ Chemical Bonding: Molecular Geometry and
Bonding Theories

Acids and Bases

1 n :
| | .es o
N/ £ ® Chemical Kinetics wie t’ { Chemical Equilibrium



Matter and Measurement

1.1 SCIENTIFIC LAWS AND THEORIES

1.2 THE SCIENTIFIC METHOD

1.3 CLASSIFYING MATTER BY STATE

1.4 CLASSIFYING MATTER BY COMPOSITION

1.5 PHYSICAL AND CHEMICAL PROPERTIES OF MATTER

1.6 WHAT IS ENERGY?

1.7 MEASUREMENT: STANDARD UNITS

1.8 MEASUREMENT: DERIVED UNITS

1.9 UNCERTAINTY IN MEASUREMENT: ACCURACY AND
PRECISION

1.10 UNCERTAINTY IN MEASUREMENT: READING
INSTRUMENTS

1.11 UNCERTAINTY IN MEASUREMENT: SIGNIFICANT
FIGURES

1.12 DIMENSIONAL ANALYSIS

SCIENTISTS IN ACTION

KEY TERMS

KEY RELATIONSHIPS & EQUATIONS

CHAPTER EXERCISES

1.1 Scientific Laws and Theories

( CREATE QUIZ )

Throughout human history, people have tried to convert matter into more useful forms. For example, our Stone Age ancestors chipped pieces of flint into
useful tools and carved wood into statues and toys. These endeavors involved changing the shape of a substance without changing the substance itself
However, as our knowledge increased, humans began to change the composition of the substances as well—clay was converted into pottery, hides were cured

to make garments, copper ores were transformed into copper tools and weapons, and grain was made into bread.

Humans began to practice chemistry when they learned to control fire and use it for cooking, making pottery, and smelt metals. Subsequently, they began to
separate and use specific components of matter. A variety of drugs, such as aloe, myrrh, and opium, were isolated from plants. Dyes, such as indigo and
Tyrian purple, were extracted from plant and animal matter. Metals were combined to form alloys—for example, copper and tin were mixed to make bronze—
and more elaborate smelting techniques produced iron. Alkalis were extracted from ashes, and soaps were prepared by combining these alkalis with fats
Alcohol was produced by fermentation and purified by distillation.

Attempts to understand the behavior of matter extend back for more than 2500 years. As early as the sixth century BC, Greek philosophers discussed a system
in which water was the basis of everything. The Greek postulate states that matter consists of four elements: earth, air, fire, and water. Subsequently, an
amalgamation of chemical technologies and philosophical speculations was spread from Egypt, China, and the eastern Mediterranean by alchemists, who

endeavored to transform “base metals” such as lead into “noble metals"” like gold and to create elixirs to cure disease and extend life. From alchemy came the
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