Biob34- Lecture 1
Machine - a complex consisting of a number of interrelated parts, each having a definitive function, together applying, using, or generating power to perform a certain kind of work. 
*Work - making something happen that cant happen without energy, measured in the same units as energy: Joules (J)*
1J is the energy used when applying force of one newton over one meter
An animal's work use chemical energy to generate molecular order. 
Molecular order - the structure of the molecules in your body is what makes you who you are, everything about us is based on our molecular order....our decisions, academics etc
We are like Theseus ship because what makes us US is the arrangement of molecules in our body not the particular molecules in our body, and unlike the ship we are defined rite down to the microscopic level. 
Without energy molecular structure disappears over time. That is the consequence according to the second law of thermodynamics. In the absence of the work that our bodies perform we would eventually just disintegrate and all of the information stored in our DNA, all of the molecular structure in our protein, that make us who we are would disappear. When we are alive our bodies are constantly performing work to maintain, renew and resynthesize the molecular structures that exist in our body. All animals do this. 
Another way of viewing this is that the cells in our body are essentially tiny molecule factories: they take raw materials and energy from your food and they use them to assemble and organize new molecules. So we are just trains of molecule factories
Now multicellular organisms like animals have specialized sets of molecule factories for different functions. So single celled organisms typically have to get everything done on their own but animals we have diff cells that are responsible for manufacturing diff types of molecules each of which has a diff function. and this is what gives us diff organs specialized for diff functions . each of your organs synthesizes diff types of molecules.
Now animals must get their chemical energy from photosynthesizing lifeforms.  The reason is that we use chemical energy. We take chemical energy and transform it to perform our work. The problem is that there are not many chemical energy supplies on earth in the absence of photosynthesizing lifeforms. Photosynthesizing lifeforms take the radiant electromagnetic energy of the sun and transform it into chemical energy. We then eat the plants and get that chemical energy which is ultimately transformed energy from the sun and that's how we perform our work . Now carnivores of course don't eat plants but they too ultimately get their energy from photosynthesizing lifeforms . Because what they do is that they eat animals who's chemical energy came from photosynthesizing lifeforms . That's the chain of events of energy passage on earth. 
Now the one exception to that which is interesting is the hydrothermal vent communities. So deep in the bottom of the ocean clustered around the cracks that exist within the earths crust there are lifeforms who don't get their chemical energy from photosynthesizing lifeforms. Instead they get their energy from microbes that generate chemical energy from hydrothermal energy ....from the heat that the earth produces. Just like all other animals these guys perform work to maintain their functions. 

Biob34 - Lecture 2 
Now energy comes in many different forms, we measure energy in joules. 
First of all we can make distinction between 2 forms of energy....potential or kinetic 
Potential - stored energy 
Kinetic - energy that is being used 
eg. Glass on the table has potential energy, it is potential energy from gravity...when pushed off the table the potential energy from gravity is transformed into kinetic energy of movement and eventually of the glass shattering 
So all energy in the universe can be grouped into these 2 categories, either potential or kinetic 
Now within those there are many different types of energy that can be potential or kinetic. Now radiant energy is one type of energy that is very important to animals and all life on earth. It is the energy omitted by the sun for example and in-fact by all objects in the universe. You may not know it but you also omit electromagnetic radiant energy just in a much different spectrum than the sun because you are not a nuclear fission engine. 
Another type is chemical energy. Now chemical energy is the type stored in bonds between atoms. Chemical energy is particularly critical for animals. Chemical energy is what we use to do our work, it is also what keeps us with a high degree of molecular order in our body. 
Then there is electrical energy....energy that results from the flow of charged particles throughout space. Electrical energy is critical for understanding how your muscles and brain works. 
Mechanical energy is the energy that moves stuff. So when you hit a baseball you are basically transferring mechanical energy to the ball. Our bodies generate a lot of mechanical energy with our muscles. 
Heat is a form of energy. It is the energy of random motion of atoms. Heat is different from mechanical energy because mechanical energy is also the motion of atoms but has order. Heat has random motion of atoms. Heat is measured in Joules. Heat and temperature are related but they are not the same thing. Temperature is a slightly different measurement of the random movement of molecules. But it is not the measurement of the energy of these atoms its just the measurement of the average extent of their motion. Temperature is measured is measured in C or F or kelvins, but heat is energy. Its the energy that these random motions create and so we measure it in joules. 
*Now the first law of thermodynamics says that energy cannot be created or destroyed, it can only be transformed from one form to another.*
*So animals that means cannot create energy nor can we destroy it. All we can do is transform one type of energy into another. So in particular what we do is we take chemical energy that plants create by photosynthesis and we transform that energy into other types of energy such as mechanical energy or heat.
Now the other issue for animals is that our energy transformations are inefficient. We always produce heat. In fact that is the case for all energy transformations in the universe and that is because of the second law of thermodynamics. That means that our body is constantly generating heating, weather its synthesizing new molecules, maintaining your organs or getting you to move. You are always generating heat because these energy transformations are inefficient. 
Now the heat produced by energy transformation can be used to maintain body temperature. For example the difference between warm blooded animals (Homeotherms) and cold blooded animals (Poikilotherms) is the extent to which they produce heat from the chemical energy in their food. Homeotherms use chemical energy from their food to maintain their body temperature at a certain level. (Iclicker question Answer - Homeothermy) because homeotherms like ourselves end up using a lot of our food energy just to maintain our body temperature...poikilotherms don't have this extra energy cost that they have to engage in.*
The other consequence of the inefficiency of energy transformations is that the further up an animal is on the food chain the less of the suns radiant energy is actually available to it. The largest animals on earth tend to eat things fairly down on the food chain...because its better. 
Molecular order is a form of stored potential chemical energy. When you keep your DNA in order, when you keep the cells in your body in order or make sure the lipids are in the right place...all these things. What your body is doing is that its generating potential chemical energy. In the absence of external energy inputs  to regenerate this potential chemical energy, molecular order would break down. And the reason is the second law of thermodynamics. 
Now to understand the second law of thermodynamics I need to introduce you to the concept of entropy. When you talk about any object in the world you can distinguish between its macroscopic states and its microscopic states. So the macroscopic states of an object is the state that you and I see and interact with everyday. For example if we take a rubber ball its macroscopic states would be things like volume, pressure, its hardness etc. We can then contrast this to its microscopic state which would be the positions of all of the atoms in the ball. We cant know microstates. We only know macrostates. 
So the entropy of a system is a measure of the number of possible microstates of the system. 
(Iclicker question answer- 100......Iclicker question answer 2- 50 out of 100 people dancing) 
The entropy in your body in the number of positions and speeds that the atoms in your body could have. 
A messy room is not a high amount of entropy even though it seems chaotic....entropy is a measurement of the chaos that exists at the microscopic level. Its only at the microscopic level that you get entropy. 
Now the second law of thermodynamics says that unless external energy is provided the entropy of a system always increases. What this means is that in the absence of external energy if you take any system in the universe and you let it just do its thing....over time the number of possible microstates will increase. The amount of disorder at the molecular level will increase that's what the second law of thermodynamics says. Now part of that is of course why we get inefficient energy transformations. Now when we transform energy from on form to another some of the microscopic order that is going on in the course of that energy transformation gets messed up. Disorder is caused, randomness results. That randomness is heat....so because of the second law we always have this inefficient energy transformations. 
*So what does entropy have to do with animals. Now I want you to ask yourselves the following question....how many microstates could your DNA be in? The molecules in your DNA have to have a particular order to them a particular position relative to each other if they don't have that position you would have a different DNA sequence, you would be something different altogether. So in fact if your DNA had many possible microstates you would be really screwed. So you have to have a very low entropy in your DNA.*
This is why life requires low entropy. The specific arrangement of the atoms in your body is is an important part of what allows you to be alive! If your body had high entropy, you would not be you, you would just be another object. So the things with the highest amount of entropy are the most benial things, so a room full of gas has very high entropy. 
*The second law of thermodynamics explains why animals need to eat food, we need food because in the absence of food, in the absence of an external energy source, entropy in your body will increase. The DNA in your body will start to be shuffled. Because of the second law you require an external source of energy input. Part of how your body battles entropy is that it doesn't just repair the molecular order that exists in your body it creates new molecular order.*
So now we can change the definition of an animals work - An animals work is to use chemical energy to decrease entropy. 
You do don't violate the second law of thermodynamics. The second law says that entropy increases in the absence of an external energy input, but you don't violate this because you have an external energy input..which is the food you eat. So even though you are this unique object that is constantly decreasing entropy you are not violating the law. 

Biob34 - Lecture 3
An animals work - is to use chemical energy to decrease entropy (to preserve molecular order) 
Now what sorts of molecular order to animals generate? They generate molecular structures and energy gradients/chemical gradients. 
What do I mean by molecular structures? What I mean by molecular structure is how the atoms in the molecules in your body are arranged so which atoms are connected to which other atoms? What their specific 3D arrangements are with each other? etc. And these 3D arrangements are ultimately determined by covalent and non-covalent bonds. Covalent bonds are bonds where atoms share electrons with each other, and these represent very strong bonds...they have a lot of energy in them. When a covalent bond forms it means that the atoms find it very difficult to separate from each other and if they do a lot of energy is released. So covalent bonds are both strong bonds and bonds that provide a great source of potential energy. Non-covalent bonds where atoms are attracted to each other usually for various electromagnetic reasons. But they dont actually share electrons.....non-covalent bonds are not strong. 
*Now biosynthesis is the process of transforming chemical energy from food into other types of chemical energy by breaking and forming molecular bonds. Many of bonds that you break and form from biosynthesis are covalent bonds. But the non-covalent bonds are also very important for the specific structure..the specific 3D structures of the molecules in your body. But the result of biosynthesis is new molecular structure and of course heat. Because as we previously discussed any transformation of energy is inefficient...you cant not transfer a 100% of the chemical energy in your food into all of the chemical energy in your body. Instead you lose some of that energy as heat. Now those new molecular structures is what allows you to battle against the second law of thermodynamics. By forming these structures you are ensuring that the atoms in your body have a particular arrangement and thus restricting yourself to a specific set of microstates. You are reducing the entropy within yourselves.*
(Iclicker question answer - Proteins) DNA encodes the proteins in your body, and that of course is why in part it is all about proteins. 
Proteins are very large molecules they are composed of many atoms, and in particular what they are composed of is series of amino acid sequences. Now an amino acid is a particular type of molecule with an amine group in it and that is basically a molecular group that includes nitrogen. And there are particular types of amino acids that are very common in animal physiology. So amino acids in your body are strung together via covalent bonds to form proteins and DNA is essentially a code for the sequence of amino acids and the entire process of gene expression is really about stringing together amino acids in order to make proteins. 
Now the reason that proteins are ultimately so important is that they are the work horses of the body. So proteins determine the forms of work that animals can do. All your capabilities, your skills, your memories....everything about you is in fact determined by proteins. 
The proteins an animal's cells express determine what sorts of chemical energy it can absorb and transform. Example: chitinase. 
Now why do proteins have all these different functions? Its the structure of the protein that endows it with certain functions. Example: hemoglobin. Hemoglobin binds of oxygen molecules and releases them to areas that require them, the reason it can do this is because it has a group of molecules called a heme that contain iron, and oxygen can bind to the iron atom. But if hemoglobin didn't have its specific structure the iron would not be able to bind with the oxygen. Now the structure of a protein can be slightly altered in order to alter its function. So different species often manufacture different protein structures that are close but not quite the same. We often refer to these as isoforms of a protein. And different isoforms of a protein will give an animal its own kind of special powers and weaknesses. 
As the oxygen partial pressure increases....hemoglobin is going to bind more and more oxygen. 
*Proteins are defined at the most basic level by the primary structure..the sequence of amino acids. Proteins have 4 level of structure...the primary structure is not the only structure that matters for a protein's function. The second level of structure is the result of what are called hydrogen bonds. This is a form of non-covalent bond so it doesnt represent sharing of electrons, but it is a result of the attraction between the positively charged hydrogen protons and the electrons in other atoms. Hydrogen bonds help the amino acid sequences to form these additional structures....either an alpha-helix or a beta-sheet. These are 3D structures and they are important for the overall function of the protein. 
But on top of that level of structure we have the tertiary and quaternary structures. The tertiary structure is the 3D shape of the alpha-helix of the beta-sheets of the protein. And exactly how they wrap around each other. Now in addition to the tertiary structure multiple proteins can bind together to form super proteins. The quaternary structure of proteins is again important for the overall function of the protein. Each component of the quaternary structure is known as a subunit. So one of the important things to absorb is that if there is something that changes the 3D shape of the proteins in your body....you lose all your 'super powers'..this is why things like temperature and electromagnetic fields can have a big effect on your biology because can affect the 3D structure of the proteins in your body and thus affecting your abilities.* 
Now again as I said...if the second law had its way with you then there would not be a particular structure to the protein molecules in your body. The atoms would be able to take on many different positions. Your body constantly resynthesizes proteins through biosynthesis. 
Now another thing to note is that because DNA encodes these amino acid sequences...evolution and development are actually all about changes in the protein structures that your body synthesizes. When you develop what is actually happening is that the expression of different proteins are increased or decreased over time in order to give you different powers as an animal, depending on where you are in your development. 
Now the other thing this lets us do is that we can piece together evolutionary trees together by looking at protein isoform amino acid sequences. 
Phenotypic plasticity refers to an animals abilities to change their abilities depending on the environmental circumstances that they face. 
Transcription factors are proteins that can bind to DNA to regulate transcription into mRNA. This is one example of how protein regulation can occur. Transcription factors can themselves be controlled by different signals from the environment. So for example when you exercise you can see the change in the transcription factors in your cells which ultimately lead to changes in the mRNA levels. 
DNA methylation is another way that proteins can be regulated. DNA methylation is a modification to gene expression that can be inherited. Inheritable changes to gene expression that do not involve changes in DNA sequences is known as epigenetics. 

Biob34 - Lecture 4
Of the proteins that you do manufacture there are seven types that are going to be important for what we are going to discuss in this class. 1. Enzymes 2. Transporters 3. Channels 4. Respiratory pigments 5. Transcription factors 6. Motor proteins 7. Receptors
Today our topic of discussion is enzymes, and enzymes are important because they are what allows you to make the other types of molecules other than protein. Enzymes act as catalysts they help to initiate chemical reactions that would be difficultly in occurring otherwise. So its not that enzymes cause chemical reactions to happened that would be impossible otherwise. All of the reactions that enzymes catalyze could happened in your cells. But they would happened at such a slow rate that you would not be able to manufacture the chemicals that you need at a sufficient speed. Enzymes are what allows you to make all the chemicals you need at a rate necessary for life. Typically we name enzymes with a name that end in -ase. For example chitinase...chitinase is an enzyme. 
Now as we have discussed biosynthesis is the process of manufacturing molecular structures in your cell.  And enzymes determines what non-protein molecular structures you synthesize because synthesis after all is really just a process of chemical reactions. Enzymes speed up chemical reactions. 
The molecules that are transformed by the reactions that enzymes catalyze are known as substrates. Alternatively the molecules that are produced by the reactions that enzymes catalyze are known as products. 
(Iclicker question answer - Pyruvic acid) 
Now the way that enzymes cause these chemical reactions to happened is that they bind non covalently to the substrates. So the enzyme and the substrate bind together to form what is known as a enzyme-substrate complex. The enzyme-substrate complex then turns into an enzyme-product complex when the substrate is altered by binding to the enzyme. After that the product unbinds leaves just the enzyme + product. 
And that brings me to what is known as the mass action law. So remember I said earlier when enzymes catalyze reversible reactions they speed things up, they are not actually causing chemical reactions to occur that wouldn't occur otherwise. That means that all of the basic laws of chemistry apply to enzyme catalyzed reactions and that includes the mass action law. So this is what the mass action law tells you...lets say that we have got 2 molecules here A and B and there is a chemical reactions that transforms A and B into C and D. And remember that this chemical reaction can occur in both directions theoretically. The mass action law tells us that this ratio (AxB)/(CxD) is constant. And that holds even if this chemical reaction is being caused by an enzyme. 
(Iclicker question answer - D increases) If we have a constant here and we increase B that means that D has to increase likewise in order to maintain this as constant. 
Now the way that it works with enzymes is that the molecular structure of an enzyme gives it specific binding sites for the substrates. Sort of like a lock and key. So enzymes have a particular little slot in it that the substrate can fit in to. And this is another example of the thing I keep banging on about how the specific structure of atoms in your cells is critical for your functioning as a living organism. Because of the structure of enzyme there are these little slots for substrates and if they had a slightly different atomic structure...if we rearrange the atoms, if we increase the entropy enzymes wouldn't function the way they do. 
Now what determines whether a chemical reaction occurs. The answer is ultimately 2 things matter. So generally molecules tend to move from states of high energy to states of low energy. So what I mean is that the chemical energy of a system typically goes from high energy to low energy. And likewise as we have discussed because of the second law of thermodynamics...systems tend to move from low entropy to high entropy and this is especially true at high temperatures. Now what this gives us is a concept known as free energy. And free energy is Energy - Temperature x Entropy. 
And what happens essentially is that chemical reactions tend to move towards lower free energy (measured in Joules). 
Now what often is the case though is that the state with the lowest free energy has next to it states with very high free energy. 
What enzymes do is when enzymes bind to their substrates they lower the activation energy. They change the free energy of these in-between states in the chemical reactions. Making it easier for the atoms to rearrange themselves. And as a result this last little hump of activation energy that's left after the enzyme has done its thing with the substrate....is small enough that when the molecular movements or energy from food or that is energy from ATP is enough to get you over this last little hump. And as a result enzymes help chemical reactions to occur at a rate much faster than it would occur otherwise. 
Part of the way that they do this is that the enzymes themselves change their shape when they bind to the substrates and their products. 
We can describe the speed of the chemical reaction that an enzyme induces using a very important equation  known as the Michaelis-Menten equation. What this equation describes is the reaction velocity. V here is measured in moles/sec. Its literally how many molecules of product are created each second by the catalyzed reaction. And the way that we describe these in/and? the Michaelis-Menten is by relating it to the concentration of us...the substrate. So concentration remember is measured in moles/L^2. That is its the amount of molecules in a particular ______. As we change the concentration of a substrate we get different reaction velocities. That is the speed at which product is created is increased. That in part is due to the mass action law as we discussed earlier. Now the shape of this relationship though is a curve like this and that is  the MM function here. We are plotting V v.s. S here. And what happens essentially is that when the substrate is fairly low in concentration your down here with a relatively slow rate of product creation. As you increase the concentration of substrate you get faster and faster creation of product. That eventually you saturate the reaction and the reason is that eventually you have every amount of your enzyme molecules bound to substrate....no matter how much more substrate you add you cant get any more product because you are using all of the enzyme. So that's why you get this saturating curve, and this curve is described by the MM equation. The Vmax is the fastest rate at which the enzyme can catalyze the reaction and it is largely determined by the number of enzyme molecules that are present. In contrast the sharpness of this curve is determined by Km. Km changes what we know as the affinity of the enzyme. So as Km increases this curve shifts further and further to the left. It gets steeper and steeper...as Km decreases it gets less steep. And we call this the change in affinity because what determines Km is how readily the enzyme binds to the substrate. 
(Iclicker questions answer - 0.5Vmax) 
OK now sometimes enzymes will have multiple binding sites and this can produce cooperativity. The reason is that when a substrate binds to an enzyme non-covalently it changes the electromagnetic properties of the atoms in the enzyme slightly. Those changes in the properties the electrical properties of the enzyme can lead the enzyme to change its shape slightly. That change in the shape of the enzyme can make it easier or harder for other substrate molecules to bind to the enzyme and as a result the binding of one substrate molecule will affect the binding of other substrate molecules at the other binding sites. So cooperativity can be either positive....that is if one substrate molecule binds to the enzyme it helps more substrate molecules to bind to it...or it can be negative...if one substrate molecule binds to the enzyme it is less likely that other substrate molecules will bind to the enzyme. And the way that we describe that mathematically is by adding this little addition to the equation, in what is known as a helical coefficient. And the helical efficient will determine the extent to which binding of one substrate affects the binding of the others. If the helical efficient is less than 0 it means that we have negative cooperativity. Or if we have a helical efficient greater than 1 we have positive cooperativity. And when we have cooperativity we get what is known as a sigmoid function (S shaped) 
When an enzyme exhibits cooperativity and one the molecules that binds to the enzyme is not a substrate, we refer to it as allosteric modulation. What I mean by one of the molecule that binds to it is not a substrate is you can have a situation where an enzyme has little key holes for 2 different types of molecules. One of the molecules might be its substrate and the other molecule might be a molecule that's not actually changed by the enzyme but still binds to it...and by binding to the enzyme changes the enzymes shape and thereby altering the enzymes ability or that is its affinity to bind to the substrate molecules. 
Now another way that you can modulate the ability of an enzyme to bind to its substrate is by attaching a phosphate group to it. 
So what that means is that one enzyme can help create chemical reaction that lead to the phosphorylation of another enzyme. What this does is that it will produce chain reactions that lead to big changes in the chemical reactions in a cell. 
Now enzymes can have different forms which means that they have slightly different sequences of amino acids in their primary structure. We refer to these different forms as isozymes.
The enzymes our cells produce, and how they are regulated, determines what products our little molecule factories make. So enzymes are critical to your ability to engage in biosynthesis. 
And because of increasing entropy we must constantly use energy in order to engage in chemical reactions to recycle and resynthesize their molecular structures - enzymes are critical for this. They are one of the key players in our ability to fight against the second law of thermodynamics. 
Biob34 - Lecture 5
This week we will will learn how animals lower entropy in another way and that is called through energy gradients. Now energy gradients are ultimately set up in an animals body and in their cells by keeping things segregated. Today we are talking about the walls in the body and those are cell membranes and epithelia. So epithelia are groups of cells that form borders within you body such as the cell that line your blood vessels or indeed your skin. 
(Iclicker question answer - All of the above) Lipids are the building blocks of cell membrane but its important to note that cell membranes also contain proteins and carbs. 
So here is a cartoon diagram of the cell membrane from the textbook we can see the phospholipid bilayer that forms the building blocks of the cell membrane and all of the different proteins and carbohydrates that are imbedded within that lipid bilayer. One important thing to note is that there is both the cell membrane that divides the  inside and outside of the cell. And there are also intercellular membrane that divide the different organelles within the cell. 
Now first lets talk about these lipid. 
(Iclicker question answer - Fats)
So yes, lipids are fats essentially. Now in fact lipids are a large class of molecules that don't include just fats..they include waxes and other things. The thing that ultimately units lipids is that they are insoluble in water and their insolubility alternatively we can call it their hydrophobia is a result of their possessing non-polar structures.
Now lipids have three main functions in animal physiology. These are to construct cellular borders, to provide a source of energy storage...so for e.g. when we talk about fat what we usually mean is white fat cells, and white fat cells are cells in our body that specialize in storing lipids. They store droplets of lipids, and basically serve as an energy storage for us in the event that we cant get food. Lastly lipids can function as a form of signal between cells.
Now the type of lipid that's most important in cellular borders are phospholipids. These are what make up the cell membranes. And phospholipids are amphipathic, which means that they have both polar and non-polar structures. So phospholipids have tails that are non-polar (the positive and negative charge are equivalent in the molecular structure) and they also have a head that is negative in one area and positive in another area and so it is polar. Now having these polar and non-polar regions is what makes phospholipids quite special because part of them is hydrophobic and the parts are hydrophilic. 
(Iclicker question answer - Head)
Because when you put phospholipids in water, they spontaneously form bilayers. Now this is because the hydrophobic parts of the molecule join together because they don't like being with water molecules, in contrast the hydrophobic parts do like being with water molecules. So you get the hydrophilic parts facing out towards the water molecules...and the hydrophobic parts inwards towards each other. Now its important to note that the layers in these bilayers are in fact fluid. The lipids are constantly moving around. 
Now the thing that determines the fluidity of the bilayer is in part the presence of double bonds in the hydrocarbons of the tails. The tails are composed of these hydrocarbon chains so that is literally just chains of hydrogen with carbon molecules strung together. So if we have a double bond in the hydrocarbons this gives the tail a kink (which is a little bend in the tail of the hydrocarbon) This is ultimately what determines the fluidity of the molecules. So if there are no double bonds a hydrocarbon is called saturated. Unsaturated fats are more fluid and that's because the presence of these kinks is what determines the fluidity of the molecules, and their presence prevents them from being too orderly in their structure. 
So another thing that affects fluidity in temperature. Now temperature affects fluidity for obvious reasons because remember temperature is the measurement of the random movements of molecules at the microscopic levels. So the higher the temperature the more fluid something is going to be. Because the fluidity of the cell membrane is critical animals have evolved phospholipid structures that keep their cells membranes fluid even if they live in cold environments. 
Now as I said this fluidity is also critical for the movement of proteins that are embedded within the bilayer. So lets talk about the functioning of these proteins. 
So there are 5 functional types of proteins that sit in cell membranes. These are: 1. Channels 2. Transporters 3. Enzymes 4. Receptors 5. Structural proteins. Today we are going to talk about receptors. 
So often you will see this diagram of proteins within the cell membrane. They are mostly alpha helices because they are hydrophobic so they like to sit there in the middle. 
Now receptors ultimately provide a way for cells to send signals to one another. So its sort of like the postal service for cells. The way in which receptors work is in a very similar way to enzymes in fact. Receptors have specific sites in their protein structure where the atoms are arranged in such a way that specific molecules can bind non-covalently to the receptor protein. The molecules that bind non-covalently to the receptor protein are referred to as ligands. Now when a ligand binds to a receptor...just as substrate binding to an enzyme...what happens is that the receptor changes its shape and this can change the way the receptor interacts with other molecules which then helps to change the intercellular function of the cell. Note again that its kind of like the lock and key mechanisms with enzyme in that the receptor protein has a very specific atomic structure which will only bind non-covalently to other particular molecular structures. And this is again why the exact arrangements in your body are critical for your physiological functioning. 
Now there are different ways in which receptors can work and have influence in the cell and its intercellular functions. So the first way is what we know as a ligand-gated channel. These are receptors that are also channels. When we talk about those 5 functional proteins that can be embedded in the cellular membrane....many proteins can fall into 2 or 3 of those categories simultaneously.  And this is one of those examples. Ligand-gated channels are proteins that are both channels and receptors. They way they work is that they have these special binding sites or docking sites for their ligands in the extracellular portion of the protein. And when the ligand binds to the receptor protein..the receptor protein changes its shape. This is again because of the specific electrical properties of the molecule. The ways in which the non-covalent binding alters the balance of positive and negative charges in the molecule. So the ligand binds to the receptor and in changing its shape what it will often do is that it will open up passageway for other molecules to flow through the cell membrane. Now importantly the cell membrane...because it is composed of these hydrophobic molecules then does not let any hydrophilic molecules to pass through it. So if there is any molecule that can bind to water...it will not successfully pass through the cell membrane typically. But if a ligand-gated channel opens up what it can do is that it can provide a passage way for these hydrophilic atoms to move through the cell membrane. This is super super critical for animal physiology. 
Now another type of receptor protein are enzyme-linked receptors. This is a receptors where when it binds its ligand the changing shape of the receptor leads to the activation of enzymes within the cell. Now typically when you have this sort of enzyme-linked receptor system...we refer to the ligand as the first messenger...because its kind of like the first step in the signal being sent into the cell. And then whatever is activated by the enzyme-linked receptor is the second messenger. 
Now another type of receptor are G-protein linked receptors. These are receptors where what happens is when the first messenger ligand binds to the receptor, the receptor in changing its shape alters the shape and function of another protein known as the G protein. That G protein then causes other things to happened. This can include the activation of enzymes or can included the opening of ion channels, a variety of things can happened as a result of G protein activation. And this sort of pathway is very common for your brain. 
Lastly we can also talk about intercellular receptors. So as I mentioned there are actually some molecules that can pass through the cell membrane. This especially includes hydrophobic molecules. And so if you have a ligand that can pass through the cell membrane what can happened is that it can actually have a intercellular receptor, and this includes receptors that are in embedded in fact within the nucleus of the cell. And if the ligand passes through and binds. That intercellular receptor can then do things like for example alter the transcription of the DNA within the cell. 
(Iclicker question answer - All of the above)
Drugs do what they do in fact is because they bind to receptors. Now just like enzymes, receptors can also have allosteric modulators. 
Now receptors are one of the ways in which the environment can alter our cell's functioning. Its important to remember that we are not determined solely by our genome. Our environment, or experiences have huge effects on us at the most basic biological level. They determine the proteins that our manufactured by our bodies. The other types of molecules that are manufactured by enzymes in our bodies and indeed even the molecules that our children can manufacture. And the reason in large part why the environment can have this sort of influence on us is because of receptors. So what will happened is that the environment will lead to certain types of molecules to being there or not being there and that will then affect the binding of the receptors in our body which can do things like altering gene expression. 
Ok now epithelia are collections of cells that form macroscopic borders in the body such as the lining of your blood vessels. Now the way that epithelia generally works is that epithelia cells being packed tightly together and they will have under them something called a basement membrane which is basically just a group of molecules that the epithelia cells secreate to 
So an important thing to note is that animals have evolved different epithelia depending on what molecules they need to transport in and out of their bodies. 
Now when we talk about epithelia we will typically talk about the apical region of the cell membrane and the basolateral region. What this means is often the way the nomenclature works is that the apical region is the region of the cell that is "on the outside" of the epithelia. So for example with our skin its fairly obvious its the region outside of your body. The basolateral region faces into your body. 
And these cells are bound by junctions that form bonds between the epithelial cells close to the apical region of the epithelia. And they have a bunch of different ways in which they can bind together these include junctions via cell membrane (These are tight junctions and septate junctions) They can also be joint together by special proteins (glycoproteins or gap junctions) which actually allow of movement of molecules between 2 epithelial cells. So this is one way in which epithelial cells can join together. 
And one of the things that epithelial cells often do in the body is that they can form these tubules that can serve as passageways for various things like urine etc
Microvilli are a very common feature of epithelia involved in absorbing molecules into the body. And the reason they are present is because the increase the surface area of these epithelia providing for a much more diffusion and transport of molecules. 
When molecules pass through epithelia they can ultimately pass through the epithelia either by actually going through the membranes of the cells (transcellular paths across epithelium) or pass through the junctions between the epithelial cells (this is known as paracellular path across epithelium) And depending on the molecule and depending on the epithelial cells. Different molecules will take these different paths. 
And epithelia are critical for stopping certain molecules from being absorbed by the body. So for e.g you brain has something called the blood brain barrier which is essentially an epithelium that prevents any kind of poison or drug from getting into your brain. And in fact the blood brain barrier is one of the major problems for pharmaceutical companies. 

Biob34 - Lecture 6
So what is equilibrium?
Equilibrium is the state that all physical system evolve towards (in the absence of external energy source) It is the place that atoms want to get to. So without external energy a system that achieves equilibrium cannot leave. Is is only by using energy to perform work that you can move a system out of equilibrium. 
Now what is a gradient. A gradient is a change in the magnitude of some value, any value, from one point to another. 
So for example a hill is a gradient. If you move from the top of the hill to the bottom you are obviously changing various values such as altitude. Now another thing is that you are changing your gravitational potential energy. 
Now objects in the universe always move down energy gradients unless external energy is applied and work is performed. Now the two most important types of energy gradients in animal physiology are chemical potential and electrical potential. 
Chemical potential is determined by the concentration of molecules in a particular area. Now note that this is different from chemical energy and this can get confusing because chemical potential is also ultimately a form of energy. But here we are not talking about the energy stored in the bond between the atoms we are talking about the energy created by a high concentration of atoms, of a particular type, and a high concentration = high chemical potential. And just as with all energy gradients in the universe atoms move down their their energy gradients including chemical potential gradients. So when we look at the diffusion of anything  such as milk in a coffee cup what is actually happening is that molecules are going down their chemical potential gradient. They are going from a place with a high chemical potential to a place with low chemical potential. Now why does simple diffusion happen? And the reason is actually just statistics. Its not anything magical its just the nature of statistics. 
Simple diffusion happens simply by virtue of stats. Now the rate of diffusion which we call J which is the net number of molecules passing from a region of high concentration to a region of low concentration. The rate of diffusion is determined by this equation J= D (C1-C2)/X where x is the distance separating these 2 regions C1 and C2. D is whats known as a diffusion coefficient. And D ultimately depends of thing that molecules are diffusing through. So if its something easier for the molecules to move through you will have a high D and if its something difficult for the molecules to move through yo have a low D. 
(Iclicker question answer - J gets smaller) It means that diffusion of any given atom or group of atoms/molecules is only going to be sufficiently fast over very small distances. *Look at table 5.1 in textbook*
So cells do not have chemical equilibrium with their extracellular fluid. Now what that means is. So the state of equilibrium for chemical potential is always the absence of chemical potential gradients. When you have equal chemical potential between two regions you have reached equilibrium. But cells do not have equilibrium with their extracellular fluid. Instead they use energy to maintain chemical gradients that would otherwise disappear due to diffusion. So importantly you guys should know are these 3 ions - Sodium, Potassium, and Chloride. These ions are kept at quite different concentrations across the cellular membrane. Its a bit different depending on which cell you look at. Generally across all cells in your body there is very high concentration of Potassium relative to the external fluid, and a low concentration of Sodium and Chloride relative to the external fluid. Additionally of course there are various proteins in your cells that do not diffuse out of the cell membrane because they are too large and they cant get through channels and they are not sufficiently hydrophobic to move through the cellular membrane. What I really want you to understand is the presence of these electrochemical gradients for sodium, potassium and chloride across the cell membrane. This is critical for the functioning of every single cell in your body. 
Now in addition to the chemical potential gradients that exist across cellular membranes. There are chemical potential gradients across epithelia. So most animals bodily fluids are not in any equilibrium with the environment. Now this is obvious for terrestrial animals you cant be in equilibrium with the air because you are made of water. 
But if you look at animals in the water it is not an obvious thing but in the animal kingdom some species do adopt a strategy of equilibrium with the environment and the reason they do that is because it saves energy. Now that's not to say that their cells are in equilibrium with the environment. The intercellular portion of their body is still out of equilibrium it still maintains chemical potential gradients. But the bodily fluids are in fact in equilibrium. 
Now another type of energy gradient are electrical gradients. So molecules with electrical charges move down electrical potential gradients. Everywhere there is electrical potential, some amount of energy that the charged particles in the area have or have stored. Now the difference is..in electrical potential between two regions are measured in volts. A volt is 1Joule over 1Coloumb. And Coloumb is the unit of electrical charge. What a volt represents is the amount of energy that a charged particle would get by moving from one region to another. Its energy per charge...how much energy would each charged particle get from one point in space to another. So Volts are only defined by the difference in electrical potential in 2 separate regions of space. Whenever you talk about voltage you are talking about the difference in electrical potential between point 1 and point 2. If you have a single point there is no such thing as voltage. So volts are really just a measure of electrical potential gradients. 
And this is important for animal physiology and cells because the phospholipid membrane that compose the bulk of our cells borders act as capacitors. A capacitor is anything which can store electrical across the two lipid sheets. It can take two differently charged groups of atoms and keep them seperate from each other. Oppositely charged particles normally move closer to each other but a capacitor keeps them away from each other. The lipid bilayers of our cells are capacitors. Now what happens when oppositely charged particles are stored on the cell membrane...a voltage is created because moving across the seperated charges causes the molecules to gain/lose electrical potential energy. 
Now chemical and electrical gradients combine to determine the direction of passive flow of molecules across the cell membrane. By passive, I just mean the flow of molecules in the absence of external energy inputs. So this combined gradient of the chemical potential and the electrical potential is known as the electrochemical gradient. And this is what determines the flow of molecules across your cell membranes unless you cells ____ energy. 
Now of course electrical and chemical gradients can work together or against each other. The electrochemical gradient is the net effect of the two. But they need not be in the same direction. 
Now we have been talking about molecules generally but let me just say that water is a special case. So when we talk about the movement of water across the membrane its referred to as osmosis, not diffusion. And the reason is because water is the solvent of life. When we talk about the concentration of something what we actually mean is its concentration in water essentially. So it doesnt really make sense to talk about the concentration of water instead we talk about osmotic pressure. Ultimately similar principles apply, water molecules want to move from an area where there is a lot of them to areas where there is less of them. But when we measure it with osmotic pressure. It can get slightly counterintuitive because of the way osmotic pressure is defined. So smotic pressure is defined in the following way....
Now as we discussed a little bit last class...most molecules cannot actually move through the lipid bilayer unless they are hydrophobic. And what this lets cell do is that cells can then make themselves selectively permeable because what they do is they regulate the movement of molecules across the membrane by inserting proteins in the membrane channels and transporters that allow the flow of molecules that wouldnt otherwise flow across the membrane. And so by having channels and transporters. 

Biob34 - Lecture 7
Now animals are ultimately engaged in a fight against entropy and they do this by synthesizing molecules and creating electrochemical gradients. And to do so they require energy because of the second law of thermodynamics. Now food gives us the energy that we need to battle entropy like this. But of course there is another reason why we need food because biosynthesis requires the raw materials necessary in engaging in synthesis.
So animals can synthesize many different types of molecules. Including lipids, carbs, proteins and nucleic acids and so we need the building blocks for these molecules which largely consists of various types of arrangements of hydrogen, carbon and nitrogen and oxygen, and phosphorus. But there is also many molecules that are necessary for survival which we cant actually synthesize. So in addition to us needing certain molecules as simply the raw materials....our little molecule factories also need certain things preassembled for them. And so molecules that required for life but which cant be synthesized are known as essential nutrients. 
So all amino acids which are the building blocks of proteins are made of nitrogen, carbon and oxygen atoms. The reason why they are called amino acids is because they contain an amine group this combo of two hydrogen atom and a nitrogen atom. In addition to the amine group they also have a carboxylic acid group which is carbon with 2 oxygen and a hydrogen. The structure beyond the presence of these two groups is different between each of the amino acids. 
And animals can synthesize many amino acids so we have enzymes that allow us to produce the building blocks and get them strung together during DNA transcription and protein synthesis but there are also some amino acids that cant be synthesized within your body. Each animal species has a different set of amino acids that they are unable to synthesize. So if you can not synthesize a particular amino acid then its generally known as an essential amino acid. A good strategy for organisms that cant synthesize a particular amino acid of course is to eat plants or animals that can synthesize those amino acids. 
Now we have one major problem with amino acids and that is that we have no place to store them. Unlike lipids and carbs that can be stored, the problem with amino acids is that we have no way of doing that. So when we are engaged in protein synthesis we need a just in time delivery of amino acids to our molecule factories. 
Now what happens with amino acids is that we use them for extra energy if we don't need them. So if you have a surplus of amino acids..rather than storing them what we do is that we break them down in order to give us more energy. We do the breaking down though a process known as deamination. And this is why its important to have a diverse diet because we need all of the essential amino acids just in time for our protein synthesis factories. 
Now an additional type of molecule that we need are lipids. And as we discussed most lipids contain fatty acid chains....chains of hydrocarbons. Now the way that we refer to fatty acids is by the number of the saturated bonds in the chain. The first number is total number of carbons in it. Next comes the number of saturated bonds after that comes where the first saturated bond on the chain is located. 
(Iclicker question answer - 16.0w0)
Many animals like us humans dont have the enzyme to synthesize fatty acids with double bonds in some of positions that we actually need double bonds in. We discussed one of the reasons for double bonds on fatty acids is for the fluidity of the cellular membranes. So if you cant synthesize fatty acids with double bonds in certain positions then they are essential fatty acids. An example of these are omega 3 acids because you cant synthesize them so you need to eat fish that can synthesize them. 
Now carbs literally just mean carbon hydrated. So its carbon atoms with water atoms attached to it in a variety of configurations. And carbs can be strung together in chains. Now if you have just a single group/ring of carbon atoms with a few water molecules added to it...they are known as monosaccharides (basic sugars, such as glucose, fructose) Alternatievly you can have carbs with groups of monosaccharides strung together by covalent bonds and an example of that is sucrose which is a disaccharide...and it is a combo on glucose and fructose. 
Now when we store carbs or we use them for other functions such as structure they are known as polysaccharides.
Animals  are excellent carb factories. There are no essential carbs.  
Now vitamins are basically an essential nutrient so something that you cant synthesize, but are required for life. They are defined as molecules that you require in small amounts that you cant synthesize yourself. 
Now many minerals that is are also essential nutrients. Sodium, iron, zinc etc. Many of these are incorporated into the molecules that your body synthesizes as for example for hemoglobin...iron is contained within hemoglobin and its critical for the hemoglobin proteins function. So you must get enough iron in your diet in order to get hemoglobin at sufficient levels for you to transport oxygen in your body. biosynthesis and maintain animal 
So summary of essential nutrients...to engage in biosynthesis and maintain animal cells you need sources of carbon, hydrogen, oxygen, and nitrogen and a number of essential nutrients and of course all of these can provide you energy in various different chemical forms. 
So how do animals get these molecules into their cells?
So the entire process of getting the molecules into you can be broken down into these general categories. Feeding, breakdown...into molecules that you are able to absorb, and absorption. 
There are many different stategies for eating. But all animals must find a way to obtain the essential nutrients that they need to survive. And diff animals have adapted diff strategies. They are generally all effective in the enviroment that they live in. 
Of course animals have evolved specialialized feeding apparatuses that allows them to adopt different feeding strategies. On land, this often allows animals to target particular types of prey or plants. 
Now another very effective way of eating is actually known as suspension feeding. It can only be done in aquatic environments. 
Another possible stategy of feeding is by symbiosis. Coral Polus is an example they actually house in their body photosynthesizing life forms thatConvert the radiant energy from the sun into essential nutrients that they need. 
Now eating is just step 1, you need to get the necessary molecules into their cells animals have to break down the food into molecules that their cells can actually absorb. 
2 important strategies for breaking food down. 1. Fermenation via symbiotic microbes so animals that live in you and do the breakdown 2. Digestion via enzymes
Now lets talk about fermentation. So a great example of this are ruminants. Animals such as cows have cellular microbes in their body that can break down cellulose. They have a special chambers in their digestive system/gut called the rumen and rumen is a house for these ruminants. 
Now of course the other strategy aside from using single celled organisms is to breakdown foods using enzymes. Because enzymes can catalazy the necessary chemical reactions to breakdown the molecules. 
(Iclicker question answer - Yes, but very slowly)
Now in vertebrates and anthropods most of the digestion process occurs in digestive tracts and chambers. So these digestive tracts and chambers provide suitable environment for the breakdown and absorption of molecules  and foods. These functions can be things like they can be very acidic or they have muscles to break-up and move food. Typically in vertebrates we distinguish between 4 different components of the digestive system. Which are the head gut, the fore gut, the mid gut, and the hind gut. The head gut is the mouth and throat. The fore gut is the esophageous and stomach.....acids are actively secreted to breakdown the food. The pH in human stomach is 0.8. The mid gut is the small intestines...the principal site of digestion and absorption in vertebrates. Its where we put most of our enzymes in..in order to break up food into the necessary components, its also where we have the microvilli to take up the nutrients into our body. Lastly we have the hind gut which is the large intestines and rectum and that's just for storing waste and the absorption of some of the water and ions that were secreted into your food to help with the digestion of the food. This re-absorption is critical because you secrete a lot of water to get the food ready for absorption and so if you don't re-absorb you will get dehydrated very badly. Now insects and crustaceans have a similar structure but less complex...they don't necessarily have a head gut, but have a fore/mid/hind gut...they also do a lot of the absorption in the mid gut. 
Now molluscs have a very different digestive strategy altogether. 
Ok so how do animals absorb molecules into their cells? 
Well in vertebrates most of the absorption of nutrients happens in the vili...the microvili in the midgut. 
Now the absorption of hydrophobic molecules can happen simply because the molecules are hydrophobic. But in order for this to happened these hydrophobic molecules (such as lipids) must be in a small enough state to be taken into the cells. This happens through a process known as emulsification.....the breaking up of lipids into smaller and smaller packets and that is achieved in part by bile salts that are secreted by your liver and help to emulsify the fats in your food so that they can be passed through the cell walls of the epithelium. 
Now for hydrophilic molecules, we have to actively transport them into the cells using transporters. And in fact depending on the electrochemical gradients in your epithelium cells it will be active or passive. For example you have to expend energy to absorb glucose. 
Biob34 - Lecture 8
So metabolism....metabolism refers to the enzyme driven chemical reactions that convert chemical energy in molecular structures, mechanical work and heat. But really metabolism altogether is a broad word for the chemical reaction that help enzymes catalyze in our bodies. 
Now energy that has been converted to heat or mechanical work cannot be used again that's because we as animals have no way of absorbing in the form of heat and transforming it into something else or alternately absorbing energy in the form of mechanical work and transforming it into something else. Now note that that is not a universal property of all objects or all machines there are many machines that can do these things so for example a steam engine converts heat into mechanical energy. Its just animals that cant do this. That's why we refer to chemical energy that has been converted to heat or mechanical energy as consumed energy. 
So metabolic rate refers to the rate of energy consumption. That is the rate at which we take chemical energy and turn it into mechanical energy and heat. We measure metabolic rate in joules/sec. And joules/sec is a measurement of power which is also known as a Watt (W). Note that this is no different than any other machine in fundamental ways we are no different from any other machine so just like with lightbulbs, computers and cars have their energy usage measured in Watts....our energy power usage is also measured in Watts. 
(Iclicker question answer - All of the above) Its important to remember that a lot of the energy that we take in terms of our food is not converted immediately into mechanical work and heat. Some of it is converted to other forms of energy in our body and as such if you simple measure the number of joules of energy that come into your body via food consumption you don't know exactly how much of that was consumed. C is the true answer. 
Metabolic rate depends on what you are doing of course.... so the rate at which you are using energy depends on your activity. 
Now to study animals metabolic rate we have 2 important concepts to help us deal with the fact that metabolic rate depends on our current behavioral state. And these are basal metabolic rate and standard metabolic rate which as used for homeotherms and poikilotherms differently. So BMR is for homeotherms and it refers to the base metabolic rate when an animal is fasting and at its comfortable temperature. In contrast with poikilotherms that use STR. The STR refers to its metabolic rate in its standard enviroment conditions. 
Now metabolic rate depends on body size. So if you look at the MR of animals of different sizes. And you compare how much energy they use given how much they weigh small animals have a higer metabolic rate overall. 
Now the dependence betwwwween body size and MR is an example of a allometric relationship. This is any relationship between 2 variables  and x that follows this basic formula Y=ax^b. Now an allometric relationship if you plotted it as y = ax^b it would be a polynomial. it would curve up or curve down according to the exponential b. But there is a trick you can use with allometric relationship and that is that you can take the log of the formula. Which gets you Log Y = Log A +B Log X. 
So how do animals actually convert chemical energy in mechanical energy and heat?
Well the key player is this here adenosine triphosphate (ATP). ATP is the animal worlds major energy resource. But ATP is renewable. The point here is that ATP is the critical energy resource int eh body so when an animal cell engages in any kind of work. What has to happened is that they have to transform the energy in their food into energy in ATP. So that happens by taking phosphate and ADP and linking them together by covalent bonds. And to do that I need an energy sourceand that energy source is food of course. All energy is released by removing a phhosphate group form ATP which realeases ADP and energy. 
So the metabolic reactions that you use to created ATP for later use can be either Aerobic or Anerobic. The aerobic pathway is critical for most of your life cycles. 
Some terminology: Oxidation - is when a molecule loses an electron. Reduction - is when a molecule gains an electron. 
The first step in metabolic aerobic reaction is this process called glycolosis. This is the process by which we convert chemical energy and glucose into chemical energy. It uses energy but creates more...it also reduces NAD molecules to nadh2. The hey thing to understand from this entire thing is to understand that glycolysis is really the process of concerting glucose into pyruvic acid and in doing so energy is both used and trasnformed into ATP. And furthermore there is a reduction in these NAD molecules. 
Now the final output from the glycolysis in pyruvic acid and pyruvic acid can then enter the krebe cycle (another metabolic process). Some of the products from the kreb cycle are CO2 molecules so in the process of creating of ATP you also create CO2. There is some additonal ATP can be created via GTP, more reduction of NAD and FAD. 
So where the hell is O2??
Well the issue is that NAD and FAD are coenzymes..they help enzymes in engage in their chemical reactions but as NADH2 and FADH2 they cannot do so and so cells need the NAD and FAD and they cant just use them as electron dumping grounds. So in order to get rid of these excess electrons..they need to acieve redox balance. A cell is said to be in redox balance for a given molecule is it can get rid of the electrons it adds to the molecules as fast as it adds them. So cells need to acieve redox balance and this is why oxygen then becomes an important player. 
So within our mitochondria remember are composed of their own bilayer...they have two bilayers. And within this organnele there are series of embedded proteinsin the inner membrane and these proteins are essentially speicalized in helping to remove the electrons from NADH2 and FADH2. And this proecss of removing these electrons is known known as the electron transport chain. So what happens is that the NAD and the FAD give up their electrons and the electrons get transported through the chain through the help of the proteins inside mitochondrion until eventually those electrons get dumped onto oxygen. Oxygen gets combined with Hydrogen protons and electons to form H2O. So through this dumping the mitochondria created water and in doing so has a way of expelling those excess electrons..just by peeing. 
Now the other thing to note that while the electrons move along this chain they give up some of their energy. The proteins use this energy to pump hydrogon protons from the inside the innermembrane to the intermembrane space. So as electrons move through the chain hydrogen protons gets pumped into the intermembrane space by all the proteins, and as a result you get a build up of hydrogen proteins in the intermembrane space.
So what this does is create an electrochemical gradient it creates potential energy because of this build up of hydrogen protons in the intermembrane space, and that build up can then be used by ATP synthase ( which is an enzyme catalyzed by the reaction to create more ATP) This is one the main source of ATP in your body and this is known as oxidative phosphorylation. This is the way by which your body gets ATP by getting rid of the electrons from NAD and FAD. So this ATP synthase uses the electrochemical gradient of the hydrogen protons in order to rotate part of the protein. So it converts that electrochemical gradient into mechanical energy which then gets converted again the the phosphate bond in the ATP. And this is a big source of ATP in your body. 
Now ofcourse that is just one way for protons to move down the electrochemical gradient in your mitochondria. Another way is that they can pass through proteins that open up a channel in the membrane or if not channel act as transporters. And these are known as uncoupling proteins. And these proteins are interesting because what they allow us to do is when the hydrogen atoms move back into the memebrane area is that they generate a lot of heat. So if an animals goal is not to generate energy for other purposes but to immediately consume it for the purpose of warming its body...what it can do is that it can use this uncoupling protein in order to genenrate heat. And there are certain tissues in our body that contain mitochondria with a lot of these uncoupling proteins that allow us to regulate our body temperature when we are cold. 
Now what happens if there isnt oxygen to accept the electrons? A process called anaerobic glycolysis. If there is not a way for your cells to dump electrons onto oxygen, they have to figure out another way of oxidate the NADH2 and that is through this process So what happens is that the pyruvic acid that is produced by glycolysis gets converted into lactic acid via this en
____________________________________________________________________________________________
Biob34 - Lecture 13
So today we are going to be talking about oxygen and carbon dioxide transport. Here with transport what we are focusing on is the convection of oxygen and carbon dioxide in your body. So a recap you will recall ofcourse that animal cells transform chemical energy from food into energy in ATP bonds, which is then transformed into other forms of energy such as new chemical energy to reduce energy, mechanical energy to move around and the ever present production of heat. Now in the long term ofcourse, animals must use O2 as a dumping ground for the extra electrons that are produced by all mechanisms of ATP production. Also, the production of ATP leads to the production of CO2, now we covered last week how lungs and gills help gas exchange between the environment and our blood but we still have the fact that we have to transport it once we get it into our blood from our lungs and gills to the cells in our systemic tissue. And this needs to be done ofcourse to maintain the oxygen and carbon dioxide cascades of partial pressure which are critical for the final steps of diffusion. 
So you recall that the process of respiration ultimately involves some convection of oxygen into your lungs or carbon dioxide out of your lungs. and then once these gas are in/out of your lungs they diffuse through the gas exchange membranes but to and from the gas exchange membranes in your body there is a process of convection throughout your circulatory system. And this convection is done to maintain the partial pressure of oxygen and carbon dioxide in appropriate levels in our systemic blood capillaries so that diffusion of these two gases can happen with the cells in your systemic tissue. 
Now respiratory pigments are proteins that your body has that are specialized to help you transport oxygen and carbon dioxide. The way that they do this is that they reversibly bind to oxygen. Now the reason that this helps facilitate oxygen transport and oxygen diffusion is because when a gas molecule binds to another molecule such as a respiratory pigment it does not contribute to the partial pressure of that gas in that volume. And what that means is that as your blood soaks up oxygen...if it bind to the respiratory pigments in your blood then your oxygen partial pressure is not changing. Even thought the concentration of oxygen in your blood is changing. So you can have that concentration of oxygen continue to go up in your blood even though the actual partial pressure of the oxygen does not go up. And in this way you can maintain the oxygen cascade and keep the partial pressure at the levels you want while still shuttling oxygen throughout your circulatory system. 
So of course the most famous respiratory pigment is hemoglobin and a related molecule as well known as myoglobin. Here you are looking at a diagram of the heme group in hemoglobin and myoglobin. So it is essentially a molecule with a disc like structure with, at its center, an atom of iron. And the heme group is ultimately where the oxygen binds to. So the heme group sits within your protein....your respiratory pigment protein..and oxygen comes and binds here at this little red site. So remember that the structure of the protein is critical because the heme group is only going to sit there is it has this particular secondary and tertiary structure. And even the secondary and tertiary structures are going to determine how well oxygen binds to the heme group. Myoglobin is a respiratory pigment that exists in your muscles. It helps your muscles have a high concentration of oxygen in them while still maintaining a particular partial pressure 
Now at the quaternary level. Hemoglobin is a similar beast except that it has a quaternary structure because it is formed out of four subunits each with a heme group contained within it. So there can be 4 oxygen molecules bound to 1 hemoglobin....its a tetramer. And importantly when oxygen binds to one heme it alters the shape of the tetramer....the tertiary shape that is and so the change of change of shape when it binds causes a change in the affinity for oxygen at the other heme sites. 
(I clicker question answer - Homotropic cooperativity) That is because we have here a single type of molecule affecting the binding of other types of the same molecule. That is why is it homotropic and it is a form of cooperativity because these molecules that are ultimately the substrate for the protein binding to the protein. Allosteric modulation the allosteric modulater is A a different molecule, and B it is not the ultimate target of the protein. It is not involved in the protein's function it is only there for the purpose of modulating the protein's function. 
Now there are many different types of respiratory pigments the most famous other type is hemocyanin. Hemocyanin is a big gigantic protein that is found in the blood of various insects and molluscs and like hemoglobin it binds oxygen and helps the circulatory system of these animals transport oxygen while keeping the partial pressures at particular levels. Now the way that it does it though is that it has a group containing copper molecule in it. So this copper is where oxygen binds. Now hemocyanin is also different from hemoglobin because hemoglobin is actually contained with the red blood cells in your blood so it is not floating in your blood, it is contained in a particular cell. That is in contrast with hemocyanin which is in fact freely floating in the blood of various insects and molluscs. 
So the reason that these molecules are called respiratory pigments is because these metals within them give them a particular color. So hemoglobin is red in color because of the iron atom in the protein. And hemocyanin is blue color because of the copper atoms and hence animals with these various proteins in their blood have colored blood and that is why we refer to them as respiratory pigments. But of course their function is not to color the blood their function is to transport oxygen. 
As i mentioned...hemoglobin and hemocyanin are probably the best known respiratory pigments and that is in part because they are respiratory pigments used by the vast majority of animals. 
So respiratory pigments function because they bind to oxygen. And the way that they do this is non-covalently. So really respiratory pigments function kind of like enzymes. You can see it as being a chemical reaction of sort. Now these binding are non-covalent and reversible, like enzymes, and as a result they have all of the same properties of enzymes such as cooperativity but they can also exhibit allosteric modulation. They can also be described with the Michaelis-Menten style equation. But when we talk about respiratory pigments we are not going to talk about reaction velocity because of course respiratory pigments don't catalyze a chemical reaction they just bind to the molecule and releasing them at various sites in the body. However what we can do is that we can talk about how many oxygen are bound to the respiratory pigment in the blood. 
Ok so the way that we describe their function is using what is known as a equilibrium curve. So an equilibrium curve plots the concentration of oxygen in the blood vs the partial pressure of oxygen in the blood. And this is similar to the plots that you saw for enzymes in relation to the MM function. So remember in MM what we have is on the x-axis the concentration of substrate, and in this function we have the partial pressure of blood. Because partial pressure is the chemical potential for oxygen. On the y-axis we have the concentration of oxygen in the blood. So here we have two different equilibrium curves for the actual oxygen that might occur in your body vs what would happened if you had dissolved oxygen. So remember that as I said the function of respiratory pigments is to let you increase the concentration of oxygen without changing the partial pressure. 
Now the way that this works is that as a respiratory pigment flows through your circulatory system, it picks up and drops off oxygen and it does so based upon the partial pressure at the different sites. So depending on the different partial pressures within your body there will be more or less oxygen bound to the hemoglobin. Now here what we are looking as is a plot of the actual equilibrium curve showing where the partial pressure would sit and therefore determining where the oxygen concentration would sit for different parts of your body at different states. So when you are resting you would have a very high partial pressure of oxygen in your blood, thus a high concentration. In the systemic tissue you would have a low partial pressure of blood because of the oxygen cascade an so as a result there would be less oxygen bound to the hemoglobin. And so part of what you have to remember as to what happens here is that as the hemoglobin passes by your lungs it would pick up/soak up a lot of oxygen because it would need to get up here in the curve. And as it starts to move away from the top it would release oxygen. Now as we discussed last week when you exercise you don't change the oxygen cascade. 
So as with an enzyme of course, we talk about the affinity of a respiratory pigment for O2 and we can measure it using the P50 index, which is the half-max partial pressure O2. So the form of the equation is something like this. H is the measure of cooperativity. As the P50 changes value you get different equilibrium curves for the O2
(Iclicker question answer - A) So the P50 is inversily related to the affinity. So as your hemoglobin gets a higher affinity for oxygen, your P50 goes down. And vice-versa
Now cooperativity also affects the shape of the equilibrium curve and therefore how a pigment loads and unload oxygen. What the cooperativity does is that it makes it so that the hemoglobin will unbind from oxygen at a relatively high partial pressure than when there is cooperativity. So as the hemoglobin is passing through the lungs it will pick up the same amount of oxygen as there is no cooperativity and as it goes through your systemic tissue. So the more cooperativity you have the more extreme the cooperativity curve is and the more the hemoglobin functions to actively load and unload oxygen from various sites. 
Now pH = -log(a). Now pH is the measurement of the effective concentration of hydrogen proton ions in a substance. Its the # of hydrogen protons without electrons on them that are floating around and are available for chemical reactions. And in particular Ph is the negative logarithm of the activity of the hydrogen protons. So its important to understand A is maximal at 1. and log is 0 at 1. The lower the pH the more hydrogen protons there are...and the fewer hydrogen protons the higher the pH. 
Now in physiology, Co2 partial pressure and pH are intimately linked. 
So most Co2 in the blood is actually in the form of bicarbonate, but some actually bind to hemoglobin as well. 
(Iclicker question answer - B) So the law of mass action remember says that as we increase the concentration on Co2 the reaction is gonna head back towards equilibrium by increasing levels of the H protons. So increase in Co2 is going to increase the number of hydrogen protons. Thus decreasing the pH in your blood . Now Henry's law tells us that as partial pressure goes up so does concentration and as a result we know that as the partial pressure goes up we are going to get a increase in the H protons 
So part of the way that we can regulate pH in our blood is by exhaling Co2. So if our blood is too acidic we can exhale more and more Co2 to increase the pH of our blood. And likewise if we have a lot of Co2 we will have blood that is too high in pH. This can lead to medical conditions such as acidosis and alkinosis. These can be very damaging to your health in part because of the way pH affects all the chemical reactions that happens in your body. 
Now another way to maintaining pH though is by using a buffer. So if we have any chemical reaction where H can bind to X and alternatively unbind from X. We talk about this being a buffer pair. In hemoglobin imidazole groups act to buffer H
the Bohr effect where the pH of your blood alters the oxygen equilibrium for your blood. 
Now there is also a related affect known as the Haldane effect and it results for the fact that O2 levels can also effect the transport of Co2. So what happens is remember of course Co2 also bind to hemoglobin and of course that can alter the alter the affinity of hemoglobin for Co2. So as your change the oxygenation of the blood you alter the Co2 equilibrium curve. 
Biob34 - Lecture 14
So the job of your heart is to provide the mechanical energy necessary for the blood convection (via pumping). that is affectily the function of your heart. So what it does is that the muscles in your heart contract that creates a pressure differential. That pressure differential is a form of potential energy and that potential energy moves blood through your circulatory system. But this is not a 100% true. 
So this of course is a diagram of the human heart. Not all hearts are like this. This is what most hearts for most mammals and birds are like, in particular whats important is this double chamber structure of the heart where by there is one path in the heart for oxygenated blood and one path for deoxygenated blood. So following this pathway here...blood that has been oxygenated as it went past the alveoli in the lungs comes into the left atrium and from there it passes into the left ventricle. The left ventricle engages in strong pumping action to pump the blood back out through the systemic aorta where the oxygenated blood then gets delivered to all of the various systemic tissues throughout your body. Now blood that has passed through your body and had a lot of the oxygen soaked off of it and picked up a lot of Co2 then comes back up through the inferior vena cava then it will travel up into the right atrium and right ventricle where it will get pumped out again by strong mechanical action of the right ventricle and sent via the pulmonary arteries and to the lungs. Of course its being sent to the lungs to release Co2 and pick up more oxygen. This is how your heart and various mammals  works. 
What I want you to understand the fundamental of muscles which is that muscles contract as a result of changes in the muscle cells electrochemical gradients. So various ions or minerals will flow across the membrane of the cell and then change the electrochemical gradients of the cells that change translated into a change in voltage. The change in voltage is what drives the contraction of the cells. That change in voltage can in fact be measured by attaching electrodes to the body....the change in voltage of the heart that is because the heart generates a fairly strong change in voltage that you can detect in the electromagnetic field around the body. And that signal of the change in voltage is known as the electrocardiogram with this characteristic wave form that you have probably seen on tv before. 
So the electrocardiogram has a series of phases to it that result from different components of the heart, depolarizing and ultimately contracting. So we have this P here which comes from the initial atrial depolarizing of the left atrium and then there is this section here known as the QRS spike which is a result of ventricular depolarization which is a very strong pumping action that occurs in the ventricles of the heart. and then there is a repolarization of the ventricles. So depolarization means that the voltage goes towards 0 and then repolarization means that the voltage goes back away from 0. 
Now you need to understand the difference between an open and a closed system. So in a closed circulatory system blood never leaves the system it just loops through it again and again. You can think of it similar to a train system for transport. So a train will transport various goods in different countries but ultimately a train never leaves the tracks. A closed system is exactly what we mammals and birds have....blood never leaves our circulatory system. In contrast an open system is where the blood actually leaves the veins and arteries and infuses the tissue directly. This can be thought of as similar to cars where a car can leave the highway or the main roads and can go down the tiny nook or cranny to get to your house that is like an open circulatory system and essentially various molluscs have open circulatory systems. 
So in the case of mammals and birds or vertebrates in general. The closed circulatory system can be thought of as this loop here. So we have here oxygenated blood being pumped by the left heart. Deoxygenated blood being pumped by the right heart and the blood never leaves the circulatory system. It goes into the systemic and pulmonary circuits but ultimately it keeps looping through this system thanks to the potential energy provided by the heart pumping. In contract many invertebrates have this interesting system where by blood is pumped from their heart through arteries and then kind of just empty out into the general tissue in their body. And the blood then proceeds to move through/around all the cells in the body before then eventually picked up by whats known as the infrabranchial sinus where it then eventually comes back through to the gills gets reoxygenated and heads back to the heart before being pumped out again. Now in this cause the movement of the blood is still driven by the potential energy created by the mechanical energy of the heart but none the less there is this difference in the sense that the blood kind of follows this very hazy path as it travels around all the cells and bathes all the cells in the animals body rather than keeping itself closed within the arterioles and capillaries. 
Now there are many possible layouts for closed circulatory systems. Fish have a single chambered heart so they do not also pump the freshly oxygenated blood through the systemic tissue they have just got this one things that's pumping it to the gills and back to the system. We are unique because we have segregation between the left and right heart. I want you to understand that the heart can sit in different locations within the circulatory system and it can have slightly diff designs to it. But what they all must have in common is that the heart has to have a way to move blood through the circulatory system. 
Now in the case of some molluscs such as octopus they have this weird setup where they actually have several hearts. So they have got what is known as the branchial hearts and the systemic heart and the branchial heart will pump blood into the gills and then the system heart will pump blood away from the gills towards the systemic tissue. But of course these hearts are still performing the same functions as our hearts and that is providing energy for the transport of blood. 
(Iclicker question answer - B) The reason its not C is because you have to remember is what moves anything? and the answer is work and work is energy. Now energy is whats required. 
So total fluid energy is what moves blood through the circulatory system. Your heart pumping is just one component of that in fact. So the total fluid energy is the potential energy of pressure produced by the heart plus the kinetic energy of momentum of blood and lastly the potential energy resulting from the earth's gravitational field. These three things together move blood through your system...so in fact when your heart pumps even when its not pumping blood will still move because of the momentum that is created by the initial movement. That's number 2 there. 
If you are standing up the important thing to realize is that pressure of your blood is actually a function of the position of the blood in earths gravitational field in part. As blood comes down through the body towards the feet there is greater and greater pressure and as a result if it were just pressure differences that were moving blood through the system blood would actually always move from your feet.... up. But it doesn't it also moves down and the reason that blood moves down to your system despite the higher pressure here at your feet is because blood literally falls into your legs. So there is literally a gravitational pull on your blood in your circulatory system that brings it down. 
Now of course when you are lying down a lot of the movement has to come from the pressure differences created by our heart. 
Now when we look at how the pressure created by the heart moves blood through your body we can use the poiseuille equation. So lets say we have a tube lying horizontal so that it is not working against gravity and the fluid is flowing through the tube from the entrance to the exit and there is a pressure difference. So the pressure at the entrance is Pin and the pressure at the exit is Pout then we can express the rate of flow of the blood F as being equal to Pi X (the radius of the tube to the power of 4) multiplied by this pressure difference and divided 8 X eda X length. eda is the viscosity of the blood. If viscosity goes up the flow rate decreases. So when hemoglobin is up viscosity is up. There is 2 things I want you to pay attention to in this equation one is that you need this pressure differential so there must be a good amount of pressure coming from the entrance compared to the amount of pressure going out from the exit and secondly that as we change the radius of the tube we have quite a strong affect because this is to the power of 4 on the flow rate of the blood through the tube. 
So one of the ways that it affects blood flow is that blood actually slows dramatically as it enters the terminal arteries. So just a bit of nomenclature here so as oxygenated blood comes out of your heart it goes in an aorta and the aortas then transport blood to the arteries which take oxygenated blood to your arterioles and finally your capillaries. From the capillaries the blood travels to your venules and then your veins and finally the vena cava. Now the capillaries have a very small radius so as a result the blood will move very slowly through them. Now this is good because this is the area where you are exchanging all of the nutrients, oxygen and carbon dioxide etc. So the slow movement isn't bad. 
Now your arterioles are lined with smooth muscle cells that can actually constrict this will help to reduce the arteriole radius thereby slowing the blood flow. This is known as vasoconstriction. When those muscles relax it is known as vasodialation. Your body dynamically regulates the speed of blood flow throughout your circulatory system using these muscles so it can change how fast blood is moving through particular parts of your body at any given time by constricting these muscles or letting them loose and changing the radius of these arterioles here. So this happens when lets say its cold outside your body will restrict the radius of the vascular system in either your extremities of in fact in your skin and it does so to keep the heat in the core of your body. Most of the exchange of gas, nutrients and water between the closed circulatory system and the rest of the cells in your body happens in the capillaries. Your capillaries are specialized to deal with this they have very thin epithelial cells in order to promote diffusion across the barrier of the circulatory system. 
Now that pressure movement is different.... that pressure that creates the movement is different in different animals. So here we are looking at a table showing the systolic and diastolic pressure of different animals. The systolic pressure is the pressure you get in your blood when the heart is beating and creating that potential energy using the mechanical energy of the constriction of the muscles. And the diastolic pressure is the pressure when its not beating and the blood is just flowing through the system as a result of kinetic energy and gravitational energy. The blood pressure is greater for the systolic than the diastolic. 
Now the exchange of water between your blood and your systemic tissue is a result of a combo of two pressures and those are osmotic pressure and the hydrostatic pressure created by your heart beating. And it should be noted that these two pressures combine to determine the actual direction of flow of water from your capillaries to your general tissue. And in fact what often happens is that as the blood first comes in there will be a very high hydrostatic pressure which will out compete the osmotic pressure because typically the osmotic pressure of your blood is higher than that of the rest of your tissue and that's because of the presence of all these proteins in your blood. So water will want to move because of osmosis into your blood. But the pressure created by your heart will drive water out and the exact difference between those will determine which direction water flows in. So as it will flow in at high pressure into your capillaries it will flow out of your capillaries but as it leaves them it would eventually get to the point where water flows in. 
Biob34 - Lecture 15
So there are 3 distinct yet related aspects of water and salt in the body that animals must regulate. One is osmotic pressure, another is ion concentration, and finally there is the volume of water in the body. Now these 3 things are related but they are still distinct elements. These are the 3 aspects of water and salt that your body regulates. Not all animals regulate all of these but we will talk about that later. 
Now each of these concepts can be applied to the fluid of the body as a whole in terms of how its compared to the external environment or we can also talk about the fluids of the cells...that is the intercellular fluid vs the extracellular fluids in the body. And this is an important distinction because often animals will have a different concentration of various ions in their blood from the environment. They will also then have a different concentration of ions in their cells compared to the blood. So there is sort of two levels of regulation that go on here. 
Now a reminder osmotic pressure is a measure that helps us to determine which direction water is going to flow by osmosis. Osmotic pressure is defined as the level of hydrostatic pressure that would have to be applied to counteract water movement by osmosis. So we have a piston with a semipermeable membrane that water can pass through but not other molecules. And in one area of the piston we have water with various something in solution and the other area has pure water. Now if we were to let water move by osmosis what would happened is water would move from the area of pure water and into the solution and that would move the piston up. However if we applied force to the piston to push it back down this would create hyrdrostatic pressure and this hydrostatic pressure would cause water to move in the other direction from the area of solution to the area of pure water. At some point the water movement by osmosis will be counteracted by the water movement by hydrostatic pressure and that is the osmotic pressure of this solution. So recall then that water always from an area of low osmotic pressure to areas of high osmotic pressure. 
(Iclicker question answer - A)
So the definition of a salt or a ion is that its a molecule with a charge to it. So when we distinguish between salts and nonsalts. What we are distinguishing between is molecules that have a charge vs that dont have a charge. So if we are talking about ion concentration and osmotic pressure...its important to note that although they are related they are not identical. So if we take a look at this pretend cell here and we imagine that in the first picture the cell has an osmotic pressure of 300 mOsm which is made up as both a result of these ions (inorganic ions and organic solute molecules). So here we have these organic solutes and inorganic ions and we have  a certain level of osmotic pressure because of the concentration of these non-water molecules in the cell. So as we raise the number of organic solute molecules we raise the osmotic pressure but notice that we are leaving the number of inorganic ions constant. So in this way although the concentration of various salts in your cells helps to determine osmotic pressure, it can be decoupled from osmotic pressure using organic solute molecules such as amino acids. And in fact many animal cells do this....they maintain particular osmotic pressures while also seprately regulating the concentration of various salts in their cells or in their blood using these various solute molecules like amino acids. 
Now likewise volume is ultimately related to ion concentration and osmotic pressure. But again it can be regulated independantly using non-ionic solutes. If moved to diluted solution we get the volume of the cell to increase, and if moved to a concetrated solution the volume would decrease. Now in order for the cell to maintain its volume what it has to do is that it has to get its osmotic pressure back to the same levels as the surrounding fluid. So in dilute solution it has to decrease its osmotic pressure and in a concentrated solution it has to increase its osmotic pressure to maintain its volume. So volume regulation in cells and in fact in the body althogether are ultimately regulated by regulating the solutes in the water. Thats how they maintain their size. 
(Iclicker question answer - C) You will die if you dont regulate your volume. You will shrink or burst. Animals always have to engage in volume regulation. 
Not all animals engage in osmotic regulation and this is important to remember. So we can distinguish between animals that engage in osmotic regulation vs animals that engage in osmotic conformity. So an osmotic regulator always maintains the same level of osmotic pressure in their blood no matter what the osmotic pressure of the fluid surrounding it is. Note that for terrestrial animals like us this is kind of obvious that we have to be regulators. 
Muscles are osmotic conformers as you change the water around them the osmotic pressure of their blood changes in line with that. Shrimp are regulators...no matter what salty water you put them in they maintain a certain level of blood osmotic pressure. 
Now animals need a constant source of new water. Why? Because evaporation is a big source of water loss especially for terrestrial animals. Now evoporation can be good if we trying to get rid of heat but aside from that evaporation is a bad thing. Because we are loosing water from our body and that tampers with osmotic regulation, volume regulation, ionic regulation. Now the rate of evaporation of wwater is determined by whats known as the saturation deficit. This is the difference in the partial pressure of water vapour in the air and in the water. Now water vapor of course is just water in gaseous form....so water in gaseous form follows all the same principles of gas diffusion. It moves from areas of high partial pressure to areas of low partial pressure. The partial pressure or water vapour in solution is defined as the partial pressure that would be created in the air in a closed system with the gas. As temperature increases the water vapour pressure for the water increases. So more water would diffuse into the air and thats why air can feel so dry on a cold day for e.g. 
Now for us breathing is a big source of water loss. And thats because our mouth and nasal passages are moists and thats why they have a high water vapur pressure. So that high water vapour pressure leads to greater or faster evaporation into the air and this is actually one of the major areas from which we lose water from our bodies. 
Now we have one way of helping us prevent evaporative water loss and that is through nasal passages. Because they cool the air as it comes out. So as we breath in the air heats up as it travels to our lungs that heat then helps more water evaporate into the air but as we breath out it starts to get cooled off again. And as it cools...water comes out of air and into solution it lining our throats and our mouth so we get to keep some of the water that would have otherwise been lost. This is a form of counter current cooling and the reason its counter current is because you have the coldest areas of your nasal passage and the hottest area, and there is a gradient of cool to hot and the air you breath out moves in the opposite direction of that that gradient.
Now another major source of water loss for all animals is urine. You have to pee to get rid of the waste molecules from our cells through e.g. excess nitrogen from proteins we have broken down. So we are forced to pee to get the molecular garbage out of our bodies. And that means we always lose water through urine. 
But our bodies can regulate this to some extent by changing how much water is used in the urine. And this is known as the U/P ratio. So the U over P ratio is the ratio of the osmotic pressure of urine compared to the osmotic pressure of the blood plasma. So UP ratio....if you have a high UP ratio it means that the osmotic pressure of urine is higher than that of blood. If the UP is low the osmotic pressure of your urine is lower than that of blood. If UP = 1 that means that you are peeing out the same osmotic pressure as your blood. And bodies can regulate this up and down to help maintain water in different situations. 
So indeed our bodies are very good at controlling the UP ratio. 
(Iclicker question answer - B) 
So some animals dont need to drink in certain circumstances, because another source of   water in the body is metabolism and when you engage in ATP production water is also produced. That water is available for maintaining the volume of cells and maintaining osmotic pressure. Some animals have evolved the ability of limiting the amount of water they lose from evaporation and from urination or fecal matter. 
Now this is of course temperature sensetive. Because the evaporation is temperature sensitive and the level of metabolism is temperature sensitive. The metabolism goes up in lower temperatures. Now if you have a greater rate of metabolic water production than you have Evaporative water loss. So if your ratio is greater than 1 you might be able to survive without drinking water. So for different animals thats depends of the temeprature in which they live. 
Now what are the major challenges faced by animals in regulating water and salts?
Well aquatic species (especially those that regulate osmotically) face many challenges but the challenges are very different depending on wheather they live in saltwater or freshwater. 
So if we take a fresh water fish for e.g. the fish will actively take up water by osmosis because its blood is hyperosmotic. So there is a higher osmotic pressure in the fish blood compared to the enviroment so its going to take up water by osmosis. At the same time its going to lose salts through diffusion. These freshwater fish have very dilute pee to help them get rid of some of the extra water that builds up through osmosis in their bodies. The other thing they do is that they actively take up salts in their body to maintain the ion concentration and osmotic pressure through their gills. Gills are one of the major sites of salt regulation in fish bodies. 
The same goes for marine fish, but their challenges are quite opposite. Rather than having more salts in their body than the water around them they have less salt in their body than the water around them and so they are hypoosmotic. So they lose water by osmosis and they gain salt by diffusio. Now they can get rid of some of this salt by peeing it out. But ultimately that is not their main way of getting rid of it..instead their main way of getting rid of it is by active extrusion of sodium and chloride from their gills. 
The main site of regulation of salt in fish are thse cells known as mitochondria rich cells in their gills. The reason they are packed with mitochondria is that in the incase of freshwater fish the intake of sodium and chloride or in the case of ocean fish the removal of sodium and chloride takes a lot of energy. Because the fish is actively working to prevent their own body from entering equilibrium with the environment around them. That fight against equilibrium takes a lot of energy...that is why these cells have to have tons of mitochondria in them. 
So you recall that in saltwater fish this happens through combining primary and secondary active transport, via both the transcellular and paracellular path to remove NaCl from the blood. So in these mitochondria rich cells they have primary transport that sets up particular electrochemical gradients for sodium and potassium and then those gradients help topromote the secondary active transport. 
And its not just fish, animals that live by the ocean have to constantly get rid of salts so for e.g seagulls and various reptiles. So they have these salt glands that excrete super salty water out of their nose in these drops to get rid of salt. And this allows them to drink sea water. So we cannot drink sea water because we cannot produce pee as concentrated as sea water. So if we drank sea water...water is going to move by osmosis out of ourr body into the water we just drank. So sea water dehydrated us. 
Now the last points are that for terrestrial animals the two big issues are 1. avoididng evaporative water loss and 2. The urine concentration capabilities of the kidneys. Species have evolved different capabilities in thesee two areas depending on where they live; humid or xeric environments. 
Biob34 - Lecture 16
We pee in order to get rid of various waste molecules from our body but by peeing we have to careful of osmotic, ionic or volume changes that can be induced by the loss of fluid associated with urine. 
The kedneys in vertebrates are the organ responsible for producing urine and they are basically charged with regulating the composition of our pee. Now part of their job in regulating our pee is regulating the composition of our blood. Because as we pee various things out the composition of our blood changes. 
So urine formation in the kidneys occurs in two major steps. 1) Production of primary urine. 2) Modification of primary urine to produce definitve urine
Now primary urine is basically with all the large molecules removed from it. And by large molecuuules i mean proteins large macromolecules. Urochromine produces the colour 
Primary urine is produced by ultrafiltration. And this happens in part of the kidneys known as the nefron. At the end of the nefron is the bowmans capsule and glomerulus. Basically there is this tube in your kidney called the nefron tubule that ends with this little cup and it cups itself around a series of blood vessels that are the glomerules with very specialized epithelium that is where blood gets exchanged into the nefron tubules and that is the initial step of primary urine formation. But it goes through this very specialized epithelium here that covers the blood vessels and this epithelium has these specialized cells, podocytes, that have very careful arrangements of processes in order to create tiny slits in the epithelium and these tiny slits alllow certain types of moleculaes and water to pass through but not big molecules. Blood gets filtered out from the glomerules into the bowmans capsule and the capsular fluid and there you have the initial stage of primary urine formation. 
Now ultrafilterations occurs because of the pressure in your blood createed by your heart so it should be noted that there are a lot of processes at play. Blood pressure in the glomerular capillary is quite strong and that high pressure pushes fluid out of the blood vessel and into the capsular fluid. In contract there are other processes at play mainly the osmotic pressure of the fluids and the hydrostatic pressure of the capsular fluid itself. But these are in a healthy person not enough to counteract the pressure in the capillary and so fluid flows from the capillary to the capsular fluid and in flowing across the filters created by the podocytes we get ultrafilteration. 
Now the rate of primary urine production is known as the glomerular filtration rate. The GFR is far higher than the rate of definitive urine production. So in an adult human its roughly for eg 120 ml/min. Most of the primary urine is re absorbed into your kidneys. Now this is good because it gives your kidneys access to the current state of your blood. So the kidneys are constantly cycling through the blood in our body checking the composition of it and making sure that it is appropriate and has the right number of salts and other molecules. In doing so it will find that it is ready to get rid of some components and those end up as definitive urine. 
Another process that contributes to the formation of primary urine is active secretion. Active secreation is a process by which various solutes move from the blood into the tubules of the nefron. Active secreation is another process that contributed to the formation of primary urine in nephrons. 
So how do we produce what we pee. That depends on what kind of animals you are. 
Amphibians, lizards, snakes, turtles, crocs and freshwater fish have a common pee principlw. So after forming primary urine what they can do is reabsorb salts in the urine while limiting the reabsorption of water and in doing so they can create urine with a U/P ration that is less than 1. What good is a low U/P ratio in pee? Basically it helps to get rid of excess water. Because a low U/P ratio means thats the osmotic pressure of urine is lower than the osmotic pressure of blood. So your urine is more watery than the blood which suggests that what its doing is getting rid of excess water in the body. 
So in the proximal tubule salt can get reabsorbed but the tube is also permeable to water. So the tube is basically just a site of reabsorption of primary urine. So as a result there is no change in the osmotic pressure or chloride concentration or any other concentration throughout the proximal tube. But the distal tube the salts can get reabsorbed but water is not permeable. So the osmotic pressure of the primary urine drops. And that drop gives us the U/P ratio less than one and lets the animal get rid of access water in the body while maintaining a particular osmotic concentration in their bloods. 
So the way that this process of permeability gets done, is that it actually gets done 
