
Cells and The Energy of Life



A cell is the smallest unit of life that can 
function independently



A cell is the smallest unit of life that can 
function independently

A cell is small. How do we see small things?
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All Cells have

Ribosomes Structures that manufacture 
proteins

DNA Genetic information

Cytoplasm Fluid filled portion

Cell Membranes Lipid rich layer that separates 
internal and external 

environment
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http://www.youtube.com/watch?v=lm-dAvbl330


Plants have cell walls outside the plasma membrane



Domain Cell 
Type

Nucleus Membrane 
organelles

Membrane 
chemistry

size



Domain Cell 
Type

Nucleus Membrane 
organelles

Membrane 
chemistry

size

Bacteria Prokaryotic Absent Absent Fatty acids 1-10 μm



Domain Cell 
Type

Nucleus Membrane 
organelles

Membrane 
chemistry

size

Bacteria Prokaryotic Absent Absent Fatty acids 1-10 μm

Archaea Prokaryotic Absent Absent Non-fatty acid 
lipids

1-10 μm



Domain Cell 
Type

Nucleus Membrane 
organelles

Membrane 
chemistry

size

Bacteria Prokaryotic Absent Absent Fatty acids 1-10 μm

Archaea Prokaryotic Absent Absent Non-fatty acid 
lipids

1-10 μm

Eukarya Eukaryotic Present Present Fatty acids 10-100 μm



What could explain the presence of 
organelles in eukaryotes?

Cyanobacteria
Lipid membrane

Plant cell with 
Membrane-bound chloroplasts 

Lichen with symbiotic, 
photosynthetic

algae living inside 



http://www.youtube.com/watch?v=9i7kAt97XYU


Ribosomes



Ribosomes



Ribosomes





Organelle Function Notable features



Organelle Function Notable features

Nucleus Contains DNA Nuclear pore, nuclear envelope



Nucleus



Organelle Function Notable features

Nucleus Contains DNA Nuclear pore, nuclear envelope

Endoplasmic Reticulum Concentration of ribosomes 
builds proteins 

Rough ER, smooth ER



Endoplasmic 
Reticulum

Nucleus



Organelle Function Notable features

Nucleus Contains DNA Nuclear pore, nuclear envelope

Endoplasmic Reticulum Concentration of ribosomes 
builds proteins 

Rough ER, smooth ER

Golgi Apparatus Further folds and builds proteins, adds 
identifying carbohydrates

Vesicles 



Golgi Apparatus

Endoplasmic 
Reticulum

Nucleus



Organelle Function Notable features

Nucleus Contains DNA Nuclear pore, nuclear envelope

Endoplasmic Reticulum Concentration of ribosomes 
builds proteins 

Rough ER, smooth ER

Golgi Apparatus Further folds and builds proteins, adds 
identifying carbohydrates

Vesicles 

Lysosomes Enzyme containing organelles, like cells 
stomach and waste

Enzymes function inside at high pH

Vacuoles Like lysosomes, plants Creates turgor 

Peroxisomes Toxin-disposal, cholesterol production From ER, produce



Golgi Apparatus

Endoplasmic 
Reticulum

Lysosome

Nucleus



Organelle Function Notable features

Nucleus Contains DNA Nuclear pore, nuclear envelope

Endoplasmic Reticulum Concentration of ribosomes 
builds proteins 

Rough ER, smooth ER

Golgi Apparatus Further folds and builds proteins, adds 
identifying carbohydrates

Vesicles 

Lysosomes Enzyme containing organelles, like cells 
stomach and waste

Enzymes function inside at high pH

Vacuoles Like lysosomes, plants Creates turgor 

Peroxisomes Toxin-disposal, cholesterol production From ER, produce

Mitochondria Produce energy from food Cellular respiration

Chloroplasts Produce energy from light photosynthesis



Mitochondria

Golgi Apparatus

Endoplasmic 
Reticulum

LysosomeCentrosome

Nucleus
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Homeostasis is maintained by energy input
Or “work”

“Free” work Metabolic work that “costs”
Requires no input of energy by cell

Many processes use a mix of both

Requires the use of adenosine 
triphosphate (ATP)

All chemical reactions make an 
organisms metabolism



Costly Work



Electron Transport Chain

A series of redox reactions



Adenosine Triphosphate is a Nucleotide



ATP HydrolysisATP Synthesis

Electrons in the ADP phosphate group are in a lower energy state



Free Work
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Concentration Gradient
How can I get this…         to match the concentration of this?

Losing water

This only works with a 
semi-permeable membrane that 
lets small molecules (water) in and 
out, while holding back the large 
molecules
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Tonicity
 is a measure of the effective osmotic pressure gradient, as defined 

by the water potential of two solutions separated by a 
semipermeable membrane. 

In other words, tonicity is the relative concentration of solutes 
dissolved in solution which determine the direction and extent 

of diffusion

https://en.wikipedia.org/wiki/Osmotic_pressure
https://en.wikipedia.org/wiki/Concentration


Tonicity
 is relative, like saying “brighter” and “dimmer” and “the same”
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Tonicity
1. If the medium is hypotonic relative to the cell cytoplasm — the cell will 

gain water through osmosis.
2. If the medium is isotonic — there will be no net movement of water 

across the cell membrane.
3. If the medium is hypertonic relative to the cell cytoplasm — the cell will 

lose water by osmosis.
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Tonicity 1) Hypotonic, cell will gain water. Think; Hippo
2) Hypertonic, cell will lose water. Think; Hyper=needy
3) Isotonic, no net movement. Think; isolation 

The solution is...



Hemolysis occurs in blood cells (hemo=blood)



Diffusion does not “cost” energy



Osmosis
the spontaneous net movement of solvent molecules through a semi-permeable 
membrane into a region of higher solute concentration, in the direction that tends 
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With concentration gradient Against concentration gradient



The sodium-potassium pump
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Larger molecules require Endo/exocytosis

Quiz

https://play.kahoot.it/#/k/c541c1b1-a9ac-4d31-aae0-5c2e41bc22d7


Tomorrow

1) Prepare quiz
2) 1st “field walk”

3) GroupMe


