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CONCEPT: EVOLUTION OF THE CELL
Tree of life
● Evolution is the process that has created all biological organisms that exist today
□ All organisms came from an original _____________________________ cell
□ Support for evolution is found by comparing molecular mechanisms between organisms
-

Similarities: genetics, metabolism, signaling,

□ Evolution occurs through small changes made in the ____________________________ of a cell or organism
EXAMPLE: Tree of life demonstrates biological diversity

● There are three domains of life: Archaea, Bacteria (Eubacteria), and Eukaryota (Eucaryota)
● Phylogenetic Trees are used to present the relationships and evolution of organisms
-

For most Eukaryotes classification is performed through visual cues

-

For Prokaryotes (Archaea and Bacteria), this requires the DNA sequence

● Carl Woese studied ribosomal RNA (rRNA) sequences to classify organisms
● The endosymbiont theory explains how ______________________________ cells gained certain organelles
-

Smaller prokaryotic cells took up residence in larger prokaryotic cells

-

They escaped destruction and became organelles (Mitochondria/Chloroplast)
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EXAMPLE: Phylogenetic tree highlights three domains of life

Some evolutionary mechanisms
● Mechanisms of species evolution is present within the organism’s genome
1. Sexual Reproduction is a main driver of evolution
2. Horizontal (Lateral) Gene Transfer allows for ___________________________ gene transfer between organisms
□ E. coli: ~20% of genes come from other organisms (234 gene transfers)
□ Viruses have genetic elements that can insert into the host genomes
EXAMPLE: Horizontal Gene Transfer
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3. Mutations or other changes in the DNA can promote evolution
□ Highly Conserved genes have a lower rate of mutation due to their important nature
□ Gene Duplication is a major source of genetic ___________________________
-

Homolog: Two genes that are related by descent from a common ancestral DNA sequence

-

Ortholog: A homolog that diverged in two or more species. Has same function.

-

Paralog: A homolog that diverged due to gene duplication within a genome. Has new function.

EXAMPLE: Comparisons of orthoogs, paralogs, and homologs

● Gene families, which are a set of similar genes, are the result of _______________________________________
□ There are 4873 known protein coding gene families
-

200 are common to the three primary branches

-

63 are found in each examined living organism
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PRACTICE:
1. Which of the following is not an evolutionary mechanism responsible for organismal diversity?
a. Sexual Reproduction
b. Mutations
c. Endosymbiont theory
d. Horizontal Gene Transfer

2. Which of the following terms describes two genes that diverged in two or more species?
a. Homolog
b. Ortholog
c. Paralog
d. Metalog
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3. Which of the following is not classified as a Prokaryote?
a. Archaea
b. Bacteria
c. Eukaryota
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CONCEPT: PROPERTIES OF THE CELL
1. Cells Evolve, or adapt to their circumstances over time
□ Complex organic molecules originally came from spontaneous formation in an ancient organic soup
□ Single ancestral cell formed around ________________ billion years ago
□ Three domains of living cells have evolved: Archaea, Bacteria (Prokaryotes) and Eukarya (Eukaryotes)
- DNA/RNA sequencing can identify differences and similarities between the domains
- Mutations, or changes in the DNA sequence, drive evolution
EXAMPLE: Three domains of living organisms

2. Cells are organized, complex, and varied in their size and appearance
□ All cells have a plasma membrane that acts to provide shape and support to the cell
- Membranes are made up of hydrophilic and hydrophobic components that assemble into a bilayer
□ Differences in the internal __________________ of cells exist between prokaryotes and eukaryotes
- Eukaryotes have organelles and a nuclear envelope to divide DNA from other cellular components
□ There is great diversity in the size and appearance of cells
- Cells size can range from a Lactobacillus bacteria (25µm) to a frog egg (1mm)
- Cell shape can extend like a nerve cell or can have projections like an amoeba
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EXAMPLE: Prokaryotic cell shapes

3. Cells contain a genetic program and mechanisms to control gene expression
□ Each cell has a collection of genes that are encoded by ____________________
- Nucleotides made with deoxyribose sugar, phosphate group, and base (A,T,C,G) = building blocks
- Size of genome can vary greatly (smallest = 500 genes; 60 genes are shared by all organisms)
□ Heredity is a mechanism of passing genes to offspring
□ To express genes the DNA is transcribed to RNA and then translated to protein (Central Dogma)
- Messenger RNA (mRNA) contains Uracil instead of Thymine
- Transfer RNA (tRNA) read mRNAs to string together the appropriate amino acid code
- Occurs in the ribosome – which is made up of ribosomal RNA (rRNA)
- Proteins are composed of amino acids arranged in a polypeptide chain; they can act as enzymes
- All cells in a multicellular organism have same genome; differences stem from gene expression control
□ Gene expression can also occur through ___________________ molecules with activities like those of proteins
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EXAMPLE: Central Dogma of Biology

4. Cells replicate in order to produce more of themselves
□ DNA replication is the basis of all cell division
- Each strand of the helix is pulled apart and serves as a template during replication
□ Cell division results in the production of two separate genetically identical or similar cells
- Mitosis creates two genetically __________________ cells and consists of three phases: G, S and M
- Daughter cells are produced by asymmetric cell division. These are two genetically different cells.
□ Cells are considered the basic unit of living matter
EXAMPLE: During the S phase of Mitosis DNA replication occurs by splitting the two DNA strands
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5. Cells require and use energy
□ Source of energy varies greatly
- Organotrophic: organisms that harvest energy from other living things
- Phototrophic: organisms that harvest the energy of sunlight
- Lithotrophic: organisms that harvest the energy of inorganic chemicals
- Anerobic doesn’t require oxygen; aerobic requires oxygen
□ Cells use _____________________ to form important macromolecules used in a variety of cell functions
□ The principles of free energy explain the mechanisms of cell energy acquisition and usage
EXAMPLE: The four classes of macromolecules

6. Metabolism, or a sum of all chemical reactions in a cell, is a necessary component of cell biology
□ Adenosine tri-phosphate (ATP) is the main energy ______________ molecule that is crucial for cellular activities
□ Metabolic pathways are crucial network of chemical reactions responsible for energy transfer.
- Examples include: Photosynthesis, Oxidative Respiration, and Glycolysis
□ Proteins can act as chemical reaction catalysts; these proteins are called enzymes
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EXAMPLE: Structure of ATP

7. All cells engage in mechanical activities that help regulate diverse cellular functions
□ __________________________ of materials in and out of the cell is crucial to keep the cell “running”
- Diffusion, or movement of a substance between areas of differing concentration is affected by size
- Material movement is controlled through proteins found in the plasma membrane
- A balanced surface area to volume ratio is necessary for cellular uptake/expulsion
□ Assembly and Disassembly of structural components helps provide mechanical support for the cell
- Cell movement occurs through mechanical support and assembly of structural components
EXAMPLE: Proteins embedded in a membrane facilitate interaction with extracellular environment
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8. Cells respond to external stimuli
□ Receptors on the plasma membrane can bind to and respond to _____________________ signals
□ Internal cellular responses depend on having proper concentrations of reactants and catalysts
9. Cells self-regulate
□ Plasma membrane helps to regulate the cell’s chemistry
□ Feedback circuitry are mechanisms that respond to levels of signaling molecules within a cell
EXAMPLE: Plant responds to external environment

PRACTICE:
1. Which of the following is not a property of all cells?
a. Evolution
b. Use of energy
c. Genetic program to control gene expression
d. Mobility
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2. Which of the following terms describes an organism who obtains energy from sunlight?
a. Organotrophic
b. Lithotrophic
c. Phototrophic
d. Aerobic

3. True or False: To be considered a cell, it must evolve, have metabolism, replicate its DNA, and never interact with
the external environment?
a. True
b. False
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CONCEPT: HISTORY OF CELL BIOLOGY
Discovery of Cells
● The discovery and study of cells has been limited by the fact cells cannot be seen with the ________________ eye
□ Microscopes, or instruments that provide magnification of a tiny object, are used to study cells
□ Lenses were invented in the 13th century
□ Mid 1600s, scientists were beginning to make homemade microscopes
EXAMPLE: Example of 1600s microscope

● Robert Hooke was the first person to propose the __________________ of cells (1660s)
□ Wanted to answer the question “Why are corks so good at holding air in a bottle”
□ Cut off a piece of cork and examined it under his homemade microscope (30x magnification)
□ Saw and named “cells” based off the living cells monks lived in
- Dead plant tissue – cell walls
EXAMPLE: Hooke’s drawing of cork cells
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● Anton van Leeuwenhoek was the first to visualize ____________________ cells (1670s)
□ Increase magnification of lenses to 300x magnification
□ Observed pond water, blood, sperm – and recorded what he saw
□ Wrote letters to the Royal Society – who then sent Hooke to confirm his observations
EXAMPLE: Leeuwenhoek’s drawings of blood cells

The Cell Theory
● The cell theory was created by three scientists (1800s)
□ Invention of the compound microscope allowed for greater magnification and resolution
□ Matthias Schleiden discovered that _______________ were made of cells, and derived from a single cell (1830s)
□ Theodor Schwaan discovered that ____________________ were made of cells (1830s)
□ Together they published the first two tenants of the cell theory
- All organisms are composed of one or more cells
- The cell is the structural unit of life
□ Rudolf Virchow added to the cell theory (1850s) that:
- Cells can arise only by division from a preexisting cell
EXAMPLE: 1800s Compound Microscope
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Modern Cell Study
● Modern Cell Biology consists of three fields: Cytology, Biochemistry, and Genetics
□ Cytology: Study of cellular structure
□ Biochemistry: Study of cellular structure and function
□ Genetics: Study of the storage and propagation of genetic material
● Science is continually _______________________ and adding to the scientific knowledge base
□ Hypothesis: Statement consistent with most observations and experimental evidence to date
□ Theory: A hypothesis that has been critically tested multiple times by multiple investigators
□ Law: A theory that has been thoroughly tested and confirmed over a long period of time
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PRACTICE:
1. Which of the following is not a part of the cell theory?
a.
b.
c.
d.

Organisms are composed of one or more cells
Cells always interact with the external environment
The cell is the structural unit of life
Cells arise from preexisting cell division

2. Which of the following scientist was the first to observe blood cells using a microscope?
a. Robert Hooke
b. Anton van Leeuwenhoek
c. Matthias Schleiden
d. Theodor Schwaan
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3. Which of the following is NOT a field that makes up modern cell biology?
a. Genetics
b. Biochemistry
c. Cytology
d. Evolution
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CONCEPT: PROKARYOTIC CELL ARCHITECTURE
Prokaryotic Diversity
● Prokaryotic cells are ____________ and classified in two domains: Archaea (Archaebacteria) and Bacteria (Eubacteria)
□ Prokaryotes come in all different shapes and sizes, and all are single cell organisms
- They can live in social groups, and form chains, clusters, or films
- Typical shapes include: spherical, rod-shape, and spiral
□ 6000 species have been identified through traditional techniques - represents less than 1/10 of 1% of all species
- Sequencing the metagenome (_______________ genome) of species in a habitat, identified the diversity
□ Have diverse metabolism pathways and can be anaerobic, aerobic, or photosynthetic
□ Diversity stems from rapid division, which supports rapid evolution
□ Members of the Archaea domain typically are found in harsh environments: known as “extremophiles”
EXAMPLE: Examples of a few prokaryotic shapes and sizes
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Prokaryotic Physical Features
● Prokaryotic cells have specific ___________________________ features that define them
□ Pro = before; Karyotes = kernel or “nucleus”, so prokaryote means “before nucleus”
□ Contains plasma membrane, and nearly all have a cell wall
□ Do not contain internal membranes (one main exception is cyanobacteria)
- Cyanobacteria contain internal membranes where photosynthesis can occur
□ Primitive cytoskeletal elements are present
□ Simple movements through flagellum
EXAMPLE: A simple diagram of a prokaryotic cell

Prokaryotic Genetic Features
● DNA storage, structure, and replication for division are distinguishing _________________________ for prokaryotic cells
□ A nucleoid is a compact circular chromosome where DNA is packaged
□ DNA is not contained in an intracellular compartment because prokaryotic cells do not have nuclear envelopes
□ Prokaryotic cells have comparatively small amounts of DNA (up to 8 million base pairs and ~5000 proteins)
□ Binary fission is the process through which prokaryotic cells divide
- A complete copy of the DNA is passed on to the daughter cell
- Genetic information can be shared between organisms through conjugation
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□ DNA transcription and gene expression is _______________________________
- All occurs in single compartment
- Transcription is much simpler (little to no RNA processing)
- Use ribosomes for translation, but they are smaller and less complex than Eukaryotic ribosomes
EXAMPLE: Binary fission of a prokaryotic cell
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PRACTICE
1. Which of the follow is true about prokaryotic cells?
a.
b.
c.
d.

They have a plasma membrane, nucleoid, and nucleus
They have a plasma membrane, nucleoid, and no nucleus
They have a plasma membrane, and reproduce slowly
They have a plasma membrane, reproduce slowly, and divide through binary fission

2. In prokaryotic cells, where is the DNA stored?
a. Nucleoid
b. Nucleus
c. Nucleolus
d. Nucleaid
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3. True or False: Prokaryotic cells always live alone, and never form social groups.
a. True
b. False
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CONCEPT: EUKARYOTIC CELL ARTCHITECTURE
Main Eukaryotic Features
● Eukaryotic cells are _______________________ by a few distinct features
□ Eukaryotic cells store DNA in a nucleus that is enclosed by a double membrane nuclear envelope
- Contains nuclear pores which allows for transport in/out of the nucleus
- Contains nucleoli, where ribosome synthesis occurs
□ Eukaryotic cells have organelles, which are membrane bound
□ These cells cytoskeletal structural components which provide support to the cell
□ These cells have a plasma membrane to separate the intra and extracellular environment
- Formed by a lipid bilayer made of amphipathic lipids (hydrophilic/hydrophobic)
- Contains membrane proteins that allows for interaction between the intra / extracellular environment
EXAMPLE: Basic structure of a eukaryotic cell

Eukaryotic Organelles
● Eukaryotic cells contain numerous membrane bound ____________________________, each with a different function
□ Endoplasmic reticulum: Proteins are synthesized and exported to other compartments
- Two main types: Rough (place of protein synthesis) and Smooth (place of lipid synthesis)
□ Golgi Apparatus: Place of protein modification, sorting, transport, and secretion
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□ Mitochondria: Responsible for cellular respiration and production of ATP
- Contains own DNA, and ribosomes
□ Chloroplast: Location of photosynthesis as well as synthesis of organic molecules (sugars)
- Contains own DNA, and ribosomes
□ Lysosome: Responsible for intracellular digestion
□ Peroxisomes: Provides safe compartment for toxic chemical reactions and products (Hydrogen peroxide)
□ Vacuoles: Place for temporary storage
- Plant cells contain a single large vacuole that stores water to maintain turgor pressure
□ Vesicles: Transports materials to other cellular locations
- Have major roles in endocytosis and exocytosis of materials
□ Cellular organelles are _________________________ in cytosol and are filled and surrounded by cytoplasm
- Place of protein/lipid synthesis and other chemical reactions
EXAMPLE: Internal structure of a Eukaryotic cell and comparison between cytosol and cytoplasm
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Eukaryotic Origins
● Multiple theories exist about the ________________________________ of Eukaryotic cells
□ It is thought that Eukaryotic cells evolved from predatory prokaryotic cells
- Larger Eukaryotic cell size is due to predation of smaller cells
□ Endosymbiont Theory explains the presence of mitochondria and chloroplasts
- They contain their own DNA
□ Unknown if Eukaryotic cells came from a Bacteria or Archaea ancestor
EXAMPLE: Representation of the endosymbiont theory explains how mitochondria evolved

Eukaryotic Structural Features
● Eukaryotic cells are supported through a complex _______________________________ system
□ Microtubules: Hollow cylindrical proteins that are responsible for motility and cell organization/shape
□ Microfilaments (Actin filaments): Thin, polarized, proteins responsible for muscle contraction
□ Intermediate filaments: Provide a stable “scaffold” for cell structure.
□ These structural components provide the framework for internal transport
- Motor proteins transport vesicles across the cell
□ They also provide the _________________________ support for cell division
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EXAMPLE: Cellular staining of cytoskeletal structures. Actin filaments are red, and microtubules are green

Eukaryotic Genetic Features
● Eukaryotic DNA structure and ______________________ allow for tight control of gene expression and cell division
□ Eukaryotic DNA is formed into linear chromosomes, and packaged by histone proteins
- Chromatin is the combination of DNA and histone protein
- DNA packaging is necessary due to the size of the eukaryotic genome
- Large stretches of “junk DNA” of unknown function
□ Gene expression is _____________________ by physically separating location of transcription and translation
- Transcription occurs in nucleus; Translation occurs in cytoplasm
□ Eukaryotic cell division can result in genetically identical cells (mitosis) or genetically similar cells (meiosis)
EXAMPLE: Process of DNA packaging into chromatin (2) and chromosomes (5)
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Multicellular Structures
● Eukaryotic cells can form extracellular matrixes and multicellular organisms
□ The extracellular matrix attaches cells together and provides _______________________ structure
- Generally made up of collagen and proteoglycans
- Is flexible, allowing for movement of the cells or organisms
□ Plant cells have cell walls made up of cellulose, which provide support to the cell
- Plasmodesmata connect plant cells through cytoplasmic bridges between cell walls
□ Groups of cells eventually evolved to multicellular tissues and organisms, which allowed for cell differentiation
EXAMPLE: 1. Extracellular matrix extends from the bottom layer of skin cells. 2. Plant cells connected by plasmodesmata
1.

2.
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PRACTICE:
1. Which of the following is true about eukaryotic cells?
a. They all contain a plasma membrane, a cell wall, and divide through mitosis
b. They all contain a plasma membrane, store their DNA in a nucleus, and have membrane bound
organelles
c. They all contain a plasma membrane, have cytoskeletal elements, and do not contain a nucleus
d. They all contain a plasma membrane, divide through mitosis, and do not contain a nucleus

2. Which of the following organelles is the place of protein synthesis?
a. Golgi
b. Vesicle
c. Nucleus
d. Endoplasmic Reticulum
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3. Which of the following is not a major structural component of the eukaryotic cell?
a. Microtubulues
b. Actin Filaments
c. Plasmodesmata
d. Intermediate Filaments

4. The extracellular matrix is important because it does what?
a. Allows water to flow in and out of the cell
b. Attaches cells together and provides support for multicellular structures
c. Connects plant cells through a cytoplasmic bridge
d. Provides support to the plasma membrane from inside the cell
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CONCEPT: COMPARISON OF PROKARYOTES AND EUKARYOTES
Characteristic

PROKARYOTES

EUKARYOTES

DNA structure

Circular nucleoid

Linear chromosome

DNA storage

Free-floating in cell

In nucleus that contains nuclear envelope

Has nucleus

✕

✓

Has internal membranes

✕

✓

Has plasma membrane

✓

✓

Has complex cytoskeleton

✕

✓

Binary Fission

Mitosis or Meiosis

Full copy of parental DNA

½ copy of parental DNA

Archaea and Bacteria

Eukaryota

Divides by…
Daughter cell DNA
Classification domain
EXAMPLE: Prokaryotic cell vs. Eukaryotic cell
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PRACTICE:
1. Which cell type has a nucleus?
a. Prokaryotic
b. Eukaryotic
c. Both

2. Which cell type divides via binary fission?
a. Prokaryotic
b. Eukaryotic
c. Both
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3. Which cell type has a plasma membrane?
a. Prokaryotic
b. Eukaryotic
c. Both
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CONCEPT: MODEL ORGANISMS
Theory of model organisms
● Model organisms are organisms commonly used to _________________________ biology
□ They typically have certain features that make them exceptionally useful for study
- Examples include: fast division, transparent bodies, easy to genetically manipulate
□ Every organism is descended from an ancestral cell
- Pro: Genome comparisons reveal diverse sizes, but similar genes – include conservation
- Con: Genetic redundancy describes the presence of multiple gene versions within an organism
- Complicates study because mutants may have no effect because of redundant proteins
EXAMPLE: Protein sequence conservation of Histone H1 protein

Main Model Organisms List
● Escherichia coli is used to study _________________________ biology
□ Has same basic genetic mechanisms as all other organisms
□ Rapidly divides every 20 minutes when grown in special broths
□ Scientists can use E.coli to replicate DNA and grow proteins for experimental use
EXAMPLE: E. coli cells
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● Yeast, or Saccharomyces cerevisiae, is used to study basic ________________________________ biology
□ Single Eukaryotic cells with a small genome that can be grown in a laboratory
□ Yeast division occurs once every 2 hours
□ Genetic Screens are performed by mutagenizing yeast cells to look for phenotypes (physical attributes)
- These are able to identify specific genes that cause certain phenotypes
EXAMPLE: Yeast cells

● Drosophila melanogaster (fruit fly) has been used to study the mechanisms of ________________________
□ These includes: chromosomal biology, formation of multicellular structures, and body patterning
□ Has a 2 week reproductive cycle
□ Mainly used for gene identification and function
●Caenorhabditis elegans has been used to study cell differentiation and ____________________________
□ The entire sequence of events from the zygote to the final 959 body cells is known
□ 70% of human genes have worm counterparts
□ Mainly used to study cell lineage and development through the creation of mutant worms
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EXAMPLE: Images of Drosophila and C. elegans

● Arabidopsis thaliana is used to study _________________________________ genetics and development
□ A weed that can be grown indoors with large numbers of offspring (thousands in 8-10 weeks)
□ Contains 26,000 genes, which is about the same as humans (25,000 genes)
EXAMPLE: Arabidopsis weed

● Zebrafish and frogs are used to study __________________________ biology
□ Zebrafish (Danio rerio) are transparent for the first two weeks of development
- Easy to inject genes into the embryo
- Easy to maintain and reproduce rapidly
□ Frogs (Xenopus laevis) are used to study development because of their large eggs
- Easy to study cell division and development
- Also used to study whole genome duplications, which are common in Xenopus species
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EXAMPLE: Images of laboratory a Zebrafish and frog

● Mice or Mus musculus are used to study _________________________________
□ They reproduce quickly and share over 99% of protein coding genes with humans
- Also have similar immune systems
□ Used to mimic human disease through genetic mutations
- Mutations in similar disease causing genes cause similar developmental defects
EXAMPLE: Image of a laboratory mouse
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● Cell culture grows human or other cells in a laboratory for study
□ Used to study __________________________ mechanisms like signaling, growth, division, and gene expression
□ Certain cell types can be harvested and grown in culture (ex: neuronal cells vs. muscle cells)
- In vitro = “in glass” and In vivo = “in living”
□ Can be exposed to certain nutrients, proteins, or chemicals to see how they react
EXAMPLE: Image of cervical cancer cells (HeLa cells) in cell culture. The nuclei have been stained blue.

● Viruses are used to study ______________________ biology
□ Non-living infectious particles composed of a protein coat surrounding genetic material
□ Can be manipulated by scientists to add DNA to cells
- Retroviruses are RNA viruses that integrate their genetic material into the host cell’s chromosome
EXAMPLE: HIV retrovirus image
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PRACTICE:
1. Which of the following organisms is often used to study developmental biology?
a. E. coli
b. Yeast
c. C. elegans
d. Retroviruses

2. Frogs are often used to study development because why?
a. They have unusual genetic systems
b. Their eggs are large enough to see with the naked eye
c. Their embryos are transparent
d. They contain a small number of chromosomes

Page 39

CELL BIOLOGY - CLUTCH
CH. 1 - OVERVIEW OF CELL BIOLOGY

3. Which of the following organisms would be the most difficult to use when performing a genetic screen?
a. Yeast
b. E. coli
c. Zebrafish
d. Mice
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CONCEPT: VIRUSES, VIROIDS, AND PRIONS
Viruses
● Viruses are small, parasitic particles that rely on other organisms for their ____________________________________
□ Viruses are extremely small containing a range of 4-200 proteins
□ A capsid, or protein coat, encloses their genetic material (DNA or RNA)
- An envelope made up of a phospholipid bilayer, surrounds some viral capsids
- Two main shapes, Helical and Icosahedron, can describe viral structure
- Does not contain any organelles or cytoplasm, and only a few proteins
□ Viruses cause many diseases in plants and animals, and are typically named after the disease they cause
□ Viruses are not _______________ as they cannot reproduce independently and do not have metabolic pathways
- Instead, viruses infect host cells and redirect the host’s machinery for virus replication
□ Viruses evolved to infect very specific hosts
- Bacteriophages infect only bacteria hosts
EXAMPLE: Basic structure of a virus particle
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● Viruses have two main life cycles
□ The Lytic Cycle is responsible for creating __________________ viral particles
- Absorption: Virus binds with cell receptors; enveloped viruses are endocytosed
- Penetration: Viruses crosses the plasma membrane
- Replication: Viral genes are replicated
- Assembly: The capsid and genome form into a virus particle
- Release: Virus particles are released, lysing the cell; enveloped viruses bud from the cell
□ During the Lysogenic Cycle the virus integrates its _______________________________ into the host genome
- A prophage (provirus) is the term for the integrated DNA
- In bacteria the prophage is released upon DNA damage and can be replicated to create viral particles
- Virions, or new viral particles, are continually created by the provirus in some eukaryotic cells
- In some eukaryotic cells the provirus can cause cancer by restricting control over cell division/growth
EXAMPLE: Arrow diagram showing the steps of the lytic and lysogenic cycles
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Viruses and Research
● Viruses are used by scientists to study cell biology and cancer
□ Plaque assays are used to calculate the amount of virus in a sample
EXAMPLE: A plaque assay output

□ Retroviruses are enveloped ___________ viruses that incorporate their genome into the host cell chromosomes
- The RNA undergoes reverse transcription to create two identical DNA strands
- This DNA is integrated into the host chromosome (provirus)
- The viral gene is expressed through host cell transcription and translation
- Scientists use retroviruses to express genes of interest into cells

Viroids and Prions
● Viroids and Prions are two other types of nonliving infectious particles
□ Viroids are small circular infectious _______________________ molecules found in plant cells
- They can be transferred between damaged plant cells
- They interfere with proper plant gene expression
□ Prions are infectious particles made from abnormally folded cellular _______________________
- Mainly cause neurological diseases (ex. Mad Cow Disease)
- Not destroyed by cooking
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EXAMPLE: Basic viroid structure

PRACTICE:
1. Which of the following is true?
a. Viruses, viroids, and prions are all living infectious agents
b. Viroids have two main life cycles: the lytic and lysogenic cycle
c. Viruses have two main shapes: icosahedron and circular
d. Viruses, viroids, and prions are all non-living infectious agents
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2. During which life cycle is the virus making more copies of itself?
a. Lytic Cycle
b. Lysogenic Cycle

3. True or False: Retroviruses are able to integrate their genome into the host cell?
a. True
b. False
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CONCEPT: EVOLUTION OF TISSUE STRUCTURE:
Cells to Tissues
● Cell-cell interactions led to the ______________________ of an extracellular matrix and the first multicellular organisms
□ Metazoans (multicellular organisms) evolved from small colonies of cells around 1 billion years ago
□ Cell-adhesion proteins or molecules (CAM) attach animal cells together
- Plasmodesmata (cytoplasmic bridges) connect plant cell walls
□ Matrix composed of multiple proteins (basal lamina) provides support and structure for groups of epithelial cells
EXAMPLE: Extracellular matrix extends from epithelial cells. Plant cell walls are connected by plasmodesmata.

● Organized groups of ______________________ form tissues
□ Plant cells are organized into three tissue types
- Ground Tissue: Area of metabolic reactions
- Dermal Tissue: Forms protective coat and place for nutrient absorption
- Vascular Tissue: Transports water and nutrients throughout the plant
□ Animal cells are organized into five tissue types
- Epithelial: Forms sheets that cover the body and internal organs for protection
Page 46

CELL BIOLOGY - CLUTCH
CH. 1 - OVERVIEW OF CELL BIOLOGY

- Connective: Provides support to the body. Includes bone tissue
- Blood: Transport of oxygen and white blood cells
- Nervous: Responsible for signal transmission throughout the body
- Muscle: Involved in movements
Example: Cross section of a plant revels the three tissue types

Multicellular development basics
● Formation of tissues happens __________________________ in the development of the organism
□ In the human body, a single cell (zygote) eventually results in 100 trillion cells
□ The earliest pattern depends on the placement of the mouth and anus – include image
- Protostomes: Develop mouth near transient opening; have ventral nerve cord
- Deuterostomes: Develop anus near transient opening; have dorsal central nervous system
EXAMPLE: Formation of protostomes and deuterostomes
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□ Master regulatory patterning genes control the timing and formation of the tissues
- Symmetry including anterior/posterior or dorsal/ventral
- Segments including the head, chest, abdomen and tail
□ Most pattering genes are highly conserved transcription factors that control gene expression
- Eye development in both flies and humans is initiated by the same gene
EXAMPLE: Expression of pattern formation genes in a zygote
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PRACTICE:
1. Choose which of the following is true:
a. Protostomes and Deuterostomes describe the formation of eyes during development
b. Patterning genes are transcription factors that control the expression of important developmental genes
c. Ground tissue is found in animal cells
d. Plat cell walls prevent communication and connection between adjacent plant cells

2. Which of the following is not a tissue type in plants?
a. Ground Tissue
b. Dermal Tissue
c. Mesodermal Tissue
d. Vascular Tissue
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3. Which of the following is the name for the group of genes that control development of different body regions (ex:
anterior/posterior, dorsal/ventral)?
a. Segmental genes
b. HOX genes
c. Patterning genes
d. Dividing genes
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