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Essential idea:
• The evolution of multicellular organisms allowed cell
specialization and cell replacement.

Cell Biology
1.1- Introduction to Cells

Nature of science:
• Looking for trends and discrepancies
– Although most organisms conform to cell theory, there are
exceptions. (3.1)

• Ethical implications of research
– research involving stem cells is growing in importance and raises
ethical issues. (4.5)

Theory of knowledge:
• There is a difference between the living and the nonliving environment.
• How are we able to know the difference?

International-mindedness:
• Stem cell research has depended on the work of
teams of scientists in many countries who share
results thereby speeding up the rate of progress.
• How does the fact that national governments are
influenced by local, cultural and religious
traditions, impact the work of scientists and the
use of stem cells in therapy.

Life Functions
• Organisms consisting of only one cell carry out all functions of
life in that cell. (MR GR HEN)
–
–
–
–
–
–
–

Metabolism: All enzyme controlled pathways
Reproduction: Producing offspring sexually or asexually
Growth: Increase size
Response: React to change in environment
Homeostasis: Maintaining internal stability
Excretion: Removal of waste from metabolism
Nutrition: Obtaining food for energy and materials

1

11/3/2015

Functions of Life in Paramecium
• Metabolism – most metabolic pathways happen in the cytoplasm .
• Reproduction – The nucleus can divide to support cell division by
mitosis; reproduction is often asexual (binary fission).

Functions of Life in Paramecium
• Growth – after consuming and assimilating biomass from food the
paramecium will get larger until it divides.

• Response – the wave action of the cilia moves the paramecium in
response to changes in the environment, e.g. towards food.

Functions of Life in Paramecium
• Homeostasis – contractile vacuole fill up with water and expel
through the plasma membrane to manage the water content

• Excretion – the plasma membrane control the entry and exit of

Functions of Life in Chlorella
• Metabolism – most metabolic pathways happen in the cytoplasm
• Reproduction – the nucleus can divide to support cell division, by
mitosis, cell divides by cytokinesis.

substances including expulsion of metabolic waste

• Nutrition – food vacuoles contain organisms the paramecium has
consumed

Functions of Life in Chlorella
• Growth – produces and metabolizes glucose which allows the algae
to get larger until it divides.

• Response – chlorophyll pigments capture sunlight.

Functions of Life in Chlorella
• Homeostasis – stores excess glucose as starch
• Excretion – the plasma membrane control the entry and exit of
substances including the diffusion out of waste oxygen

• Nutrition – photosynthesis happens inside the chloroplasts to
provide the algae with food
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Surface Area/Volume

Surface Area/Volume

• Surface area to volume ratio is important in the limitation
of cell size.

• Surface area to volume ratio is important in the limitation
of cell size.

– Plasma membrane allows import/export
– Membrane is surface for metabolic reactions
– A cell that gets larger has a lower SA/V ratio

– Increased SA/V ratio = Increased efficiency

Surface Area/Volume
• Problems with high SA/V ratio
– Small warm blooded animals in cold
– Leaves of desert plants (flat leaves?)

Surface Area/Volume
• Increasing SA/V ratio
– Multicellular leads to cell differentiation
– Increase surface area
– Compartmentalize

Emergent Properties
• Multicellular organisms have properties that emerge from
the interaction of their cellular components.

Emergent Properties
• There is a hierarchy to life
• At each level there are new properties
–
–
–
–
–
–
–
–
–

Atoms
Molecules
Macromolecules
Organelles
Cell
Tissue
Organ
Organ System
Organism
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Emergent Properties
• Systems Biology
– Takes into account emergent properties
– Interactions of enzymes, cells, metabolic pathways, and genes
are important to understanding organism

Cell Differentiation
• Specialized tissues can develop by cell differentiation in
multicellular organisms.
–
–
–
–

Zygote
Morula
Blastula
Gastrula

Cell Differentiation
• Differentiation involves the expression of some genes
and not others in a cell’s genome.
• What are the influencing factors on genomes?
– Signaling Pathways
– Growth factors
– Environmental cues

Cell Differentiation
• The capacity of stem cells to divide and differentiate along
different pathways is necessary in embryonic development and
also makes stem cells suitable for therapeutic uses.

Therapeutic Uses of Stem Cells
• Disorder:
– Stargardt's Macular Dystrophy

– Affects around one in 10,000 children.
– Recessive genetic (inherited) condition.
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Therapeutic Uses of Stem Cells
• Cause:

Therapeutic Uses of Stem Cells
• Treatment:

– An active transport protein on photoreceptor cells malfunctions.
– The photoreceptor cells degenerate.
– Progressive, and eventually total, loss of central vision.

– Embryonic stem cells are treated to divide and differentiate to become
retinal cells.
– The cells are injected into the retina.
– The cells attach to the retina and become functional.
– Central vision improves as a result of more functional retinal cells.
– Still in at the stage of limited clinical trials, but will likely be in usage in
the future.

Cell Theory
Complete Stem
Cell Therapies
Investigation for
Homework

• Cells are the smallest units of life(1600s).
• All organisms are composed of one or more cells(1839).
• All Cells come from pre-existing cells(1855).

End
Back

Botanist

Challenges to Cell Theory
• Must a cell have a single nucleus?
• Striated muscle
– More than one nucleus per cell
– Individual cells can be very long (300mm)

Zoologist

Challenges to Cell Theory
• Must a cell be simple in structure and small in size?
• Giant algae (Acetabularia)
– Very large (5-100mm)
– Single celled
o
o
o
o

Bottom rhizoid (rootlike)
Long stalk
Top umbrella (cap)
Single nucleus in rhizoid

− Joachim Hämmerling(1943)
o Transplant exp with nucleus
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Challenges to Cell Theory
–
–
–
–

Stem Cells
• Undifferentiated cell of a multicellular organism
• Capable of giving rise to indefinitely more cells of the
same type
• Can differentiate into other cell types

• Is a cell a single unit?
• Aseptate fungal hyphae
Very large
Continuous cytoplasm
Multinucleated
Cell wall of chitin
Back

Types of Stem Cells
• Embryonic (ES)
– Totipotent (from Morula)
– Can differentiate into any type of cell (including placental)

Types of Stem Cells
• Adult (Somatic)
– Pluripotent (from Blastocyst)
• Give rise to all of the various cell types of the body

– Multipotent
• Give rise to a only a few types of related cells

– Unipotent
• Regenerate only one type of cell (liver, skin)

Click for Tutorial
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