Haynie – Introduction to Cell Physiology
What is physiology?

What is the inside of the body?  Digestive track is outside the body.

Form and function at different length scales.


Form – anatomy


Function – physiology

Both are closely related

1. Basic principle – form and function are the same thing

2. Basic principle – stimulus and response


You want to determine how an organism responds to a given test


e.g. In a non-biological context, you are a material scientist and you want to know a property of an alloy.


- ductility


- malleability


- Young’s Modulus


Try to break it to see how much force (stress) it can withstand.


In the biological world – how does an organism respond to heat, cold, humidity, electrical current, etc.


In the doctor’s office – how do you respond to having your knee tapped with a hammer.

3. Basic principle – feedback


Most feedback mechanisms are negative feedback.

· thermoregulation of the body to keep it at about 37 degrees C.

· blood sugar must be kept within specific boundaries.

· regulation of blood pressure

Origins of life


Big bang



Important step – fusion within stars generates more complicated atoms.

Every system in the body depends on cells.

Every cell depends on molecules.

Every molecule depends on atoms.

The macromolecules in the body are made of only a few elements.
Four classes of macromolecules: Protein (polypeptides), carbohydrates (polysaccharides), nucleic acids, lipids, 

About 70% of the body weight is water.

Half of the dry weight is protein.

What remains after the macromolecules is ions and a few trace elements

Macromolecules are made of

Hydrogen,

Carbon,

Nitrogen,

Oxygen,

Sulfur,

Phosphate

Carbon is important because it can form SP3 orbitals – can connect to 4 things, and this gives chirality.  The molecules are not superimposable on their mirror image.

Ions: sodium, potassium, Chloride

Many of the other atoms are poisons.

There are some cases where something like an Iron atome plays a part in the function of the protein.  The Iron is in a “prosthetic group.”  A familiar example is hemoglobin, which plays a role in gas transport.

Carbon Monoxide, like Mercury, bio-accumulate – you can’t get rid of them once they’re in the body.

Energy States

Molecules can have different energy levels (energy states of the electrons).  Example: the retina.

Chemical Reactivity

Interaction of oxygen with Hydrogen
Combination forms water.

Water is almost the smallest molecule known.  H2 is smaller.

Water has an enormous dipole moment.


The 4 classes of macromolecules have different levels of polarity.


Polar molecules will be more soluble in water than non polar molecules.

Covalent bond strengths, about 100 kcal/mol, much stronger than non-covalent bonds.

physiology depends on a combination of covalent and non-covalent bonds.

Non-covalent bonds include electrostatic attractions, van der Waals interactions (depending on fluctuations dipole moments), hydrogen bonding.

non-polar molecules in water want to stick together. 

If you drop oil into water, it sticks together and forms globules.  This is important for how cell membranes work.

In arterial physiology, cholesterol is a non-polar, rigid molecule.  It prefers to stay away from water in places like the cell membrane.  Because it is rigid, it makes the cell membrane more rigid.

A little bit of cellular rigidity is good, too much rigidity is not good.  If the cell is too hard, it can lead to “hardening of the arteries.”

Joining of hydrophobic molecules is a type of non-covalent interaction.

	Bond
	Strength
	

	ion-ion
	14
	

	ion-dipole
	-2 – 2 
	

	duoike-dipole
	-0.5 to 0.5
	

	ion-induced dipole
	
	

	dispersion
	
	


Nucleic Acids

Information storage and transmission


construction of proteins


transmission of information from a cell to a daughter cell. (meiosis, mitosis)

Something to think about:  Can you go to a more detailed level and see the same kind of thing happening, and can you go to a more macroscopic level and see the same kind of thing happening (i.e. transmission of information).


Class lecture – a less material kind of transmission.

transmitting information on the level of molecules?

Catalysis?

Some nucleic acids (in particular some RNAs behave as catalysts (so-called rhibosimes)).

It had previously been thought that all enzymes were proteins.

RNA world.

Nucleic acids – two molecules.  If the structure is correct, the two molecules will come together and form the so-called double helix.

There are four different kinds of base – AGTC.  A always pairs with T, and G always pairs with C.  The pairing is through hydrogen bonds.

The backbone is a sugar (Rhibose) connected to a phosphate.

GC has 3 hydrogen bonds

AT has 2 hydrogen bonds

Some organisms are more AT-rich than GC-rich.

Bonds are competing with thermal energy.  Higher thermal energy causes more vigorous vibrations.

ATP is the molecule that supplies the energy of the cell.  (The energy currency of the cell).

ATP plays a central role in the transmission of information.  It is a precursor for the monomers that the nucleotides are made of.  (ATP, GTP, CTP TTP).  You can relate information theory to DNA.

If you do not get oxygen to the cells, you cannot generate ATP.

ATP depends on oxidative phosphorolation.

Energy comes from the splitting of oxygen (actually the reduction of oxygen) to form water.

Functions of Proteins

Enzymatic catalysis


Carbonic anhydrase


H3O+ Important for regulationg the pH in your blood.

Transport and storage; hemoglobin, storage of “food”

Coordianted motion


Skeletal muscle physiology – actin and myocin.
Mechanical support


e.g., inside a non-muscle cell there is a cytoskeleton.  This structure is made of proteins and gives the cell its shape and rigidity.

Immune protection


Proteins help your body fend off foreign invaders.  Bacteria in the gut are needed, but if they get inside your body, your immune system will attack them.  These proteins are immunoglobulins (e.g. Igg).

Generation and transmission of nerve impulses


Ion channels in the cell membrane are specific for the transport of Na, K+, Ca++, Cl-.



Neural transmitters (e.g. acetylcholine) transmitted across junctions.

Growth and differentiation.


How do the genes know when to get turned off and turned on?  Enzymes modulate expression of genetic information.  Specific proteins bind to the DNA and make it accessible or inaccessible to the transcription of genetic information.

What holds proteins together?

A protein is a polymer.  More specifically a linear polymer, amino acids are connected together in a sequence.  The linear connections are covalent.

Other bonds are Hydrogen bonds, Ionic bonds, Hydrophobic and van der Waals interactions.

There are effectively 20 amino acids in the body (there are a few others that are of less interest).
Proteins can fold into :


Alpha helix


Beta sheet

The structure of the alpha helix was predicted by (Linus Pauling) before it was observed in a protein.

The first picture of myoglobin was full of alpha helices (1957).

Pauling also worked out sickle cell anemia


Alpha Helix



Beta Sheet

Protein folding gives tertiary structure – heating a protein will denature it – unfolding it.

Cooking an egg makes it opaque because the protein becomes denatured and unfolds.

Unfolding changes both optical and mechanical properties of the material.

Polysaccharides (sugars)

Trioses, pentoses andhexoses are the most common sugars in cells

Example of hexose: gucose

polysaccharides can be branching or non-branching

Energy storage is in the form of glycogen.

Turn out to be important for cell-cell communication.  Can be attached to lipids and proteins.  These are glycolipids and glycoproteins.
Glucose can be linear and also in a ring form.

Some polysaccharides are found in animals only, others are found in plants only.

The body will not metabolize wood.  Your body does not have an enzyme that will break down the polymers.

Lipids
Lipids have a key role in forming membranes.

Phospholipid has a polar head and two hydrophobic tails.

Saturated – no double bonds

Unsaturated – double bonds will put a kink in the chain.

Tails with double bonds do not pack together so well, and make the membrane more fluid-like.

Animal fat is rich in saturated fats.  Plant sources have more unsaturated fats.

Glycoproteins will protrude out of the membrane and have polysaccharides attached to them.  (Know it’s a polysaccharide because it is branched).

Polysaccharides are constructed through the action of enzymes.

Other Molecules

ATP


subunit for the synthesis off RNA and DNA


Size of the molecule around 10 angstroms, or 1 nm

Cells

The cell is the basic unit of tissues.


Claim that viruses are not alive.

There are many different kinds of cells.


Muscle Cells – maybe 15 (m


Brain Cells – nerve cells can be quite long (some up to a meter long)


Liver Cells


Immune System Cells

Why do cells have a certain size? (on the order of 5 to 20 microns).


About the same regardless of the size of the animal


Suggests that the organisms are related to one another.

Limitation on cell size is a physical limitation.


Diffusion – substances must be able to move into the cell.


For an ATP molecule to diffuse about 1 cm would take on the order of days.

Schematic diagram of the cell

Nucleus – contains DNA, proteins, histones, operons

Nuclear membrane.

Mitochondria – for generating ATP by oxydative phosphrilation.

Golgi apparatus – important for protein secretion.  E.g. Beta cells in the pancreas make insulin, for regulating blood glucose.  Pancreas also makes enzymes for metabolizing foodstuffs.

Lysosomes – for breaking down things.


Syncytium – connections of cells
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