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CHAPTER 32: ANIMALIA

· Animals are incredibly diverse but have a lot of commonalities
· Roughly 4 billion years ago the planet formed and animals appeared 700-800 million years ago
· The first one was sponge like
· Phylogenetic tree
· In general, the direction of the tree doesn't matter unless there's a scale somewhere
· It tells you the relationship between groups (branches) and who has common ancestors
· Some info can be omitted or simplified were "kingdom" line is drawn is arbitrary
· Choanoflagellate
· Food gets stuck between the "hairs" as they move around
· Also have sessile choanoflagellates 
· They can also be found in colonies
· They're not animals but are similar to sponges
· Sponges
· Floats around and catches food like a choanoflagellate
· Encased in a gel like substance
 
 
Animal Embryology:
 
· Zygote which cleaves into a blastula
· Cleavage is process that takes you from a zygote to blastula
· Gastrulation is a process where cells entering the blastula start pushing inward (indent) forming what is called a gastrula
· The cells on the outside of the gastrula are different then those inside
· This process starts while the gastrula forms - since the cells become different it causes the indentation to happen
· Endoderm = cells inside gastrula
· Ectoderm = cells outside gastrula
· Mesoderm = set of cells that come free and separate from the endoderm and ectoderm
· Triploblastic = animals that have 3 tissue types
· There are also some that have none of these types of tissues
· The three tissue types eventually develop into a variety of other things:
· Ectoderm -> integument, central nervous system
· Integument = a tough outer protective layer, especially that of an animal or plant. (this is a dictionary definition!)
· Endoderm -> lining of digestive tract
· Mesoderm -> muscles
· Body cavity = space around the digestive system
· Coelom = cavity is completely embedded in the mesoderm
· Pseudocoleum = body cavity is between the mesoderm and endoderm
· Because of this there's no connection between the digestive track ad the endoderm
· Pseudocoelomates have these
· Body cavities are typically filler with fluid
· Acoelomate = animals without a body cavity
· Blastopore = the indent in gastrula
· Can eventually grow in far enough that it opens through the other side creating a canal with one end becoming the anus and the other the end the mouth
· Protostome = blastopore becomes mouth and the other end becomes the anus
· Deuterostome = blastopore becomes the anus and other side the mouth
· Clade = ancestral species and all of its descendants
· Essentially you choose one ancestor and him all those that follow it - its descendants - form a clade
· Grade = a group of organisms that share traits
 
 
 
Animalia is also called the Metazoa:
· Multicellular eukaryotic
· No cell wall, structural proteins instead
· Tissues, organs and organ systems
· Nerve and muscle cells
· We eat to get our energy
 
· Homeostasis:
· The steady-state physiological condition of the body.
· The body maintains the internal environment within the narrow limits required for life.
· Temperature (humane, but not all animals)
· Acidity
· Osmotic potential 
· Concentrations (O2, CO2, food and wastes)
· The cells need everything they need to be in their immediate environments or else they die
· Interstitial fluid = fluid that surrounds cells in various tissues, the internal environment of many cells
· Will be different dependent on location but still maintaining certain conditions in each area.
 
· Maintained by organic systems
· Made of organs which are made of tissues. 
· 4 types of tissue:
2. Epithelial tissues = surface covering
2. Connective tissue = cells are found in non-living material called the matrix
2. Muscle tissue = contracting tissues
2. Nerve tissue = specialized in conducting signals from one place to another in the body
. Tissues are organs in a specific way to form organs which are arranged to form organ systems
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CHAPTER 40: FORM AND FUNCTION

· Animals are very diverse, both in morphology and physiology, and in niches that they occupy.
· In spite of diversity, animals often share many features and face similar challenges.
· THEME 1: UNITY AND DIVERSITY
· Natural selection has driven the evolution of animals that are well-suited to their environments.
· THEME 2: STRUCTURE AND FUNCTION 
· (It's not because something can do something that it evolved specifically do to it. Once a trait has evolved in can acquire additional functions.)
· Evolution is constrained by chemistry and physics.
· To swim need a certain dynamic to do it, same goes for flight and body sizes.
· At the extremes problems may occur.
· i.e. Ants are very strong and can typically carry/lift about 50x it's weight. If have a very large ant, its dimensions and weight multiply accordingly but muscles don't evolve as quickly so it'll only be able to carry 25x its weight. Ants aren't strong because of muscle they're strong because of their size.
 
· Relatively small organisms can depend on diffusion because everywhere is close to the environment but bigger organisms need homeostasis because they are more dispersed and some parts are further form environment.
 
Homeostasis:
· Animals do not maintain every aspect of their internal environment all the time.
· i.e. the bass is a conformer and its internal temperature will be the same as the water, whereas the river otter is a regulator as it maintains its body temperature at relatively the same temperature regardless of the water temperature. 
· Thermoregulation = maintenance of body temperature within a tolerable range.
· There are animals who don't regulate but simply match temperature of environment while others do.
· In those who do regulate a different temperature can be found in different parts of the body.
2. If too cold: 
1. for every 10C decrease in temperature the rates of most enzyme-mediated reactions decrease two-to-threefold.
1. Membranes may change properties, becoming more rigid which can impact the movements through the membrane.
If too hot:
. Increase in temperature generally increase reaction rates, but may decrease the activity of certain proteins. 
. At higher temperatures proteins may denature, losing their tertiary and secondary structures. 
. This is why a high fever is very dangerous and can cause irreparable damage.
· Membranes may change properties, becoming more fluid.
 
· Warm-blooded and cold-blooded aren't biological terms and aren't used
· Endothermic = referring to organisms for which internal sources provide most of the heat for temperature regulation. 
· Ectothermic = referring to organisms for which external sources provide most of the heat for temperature regulation. 
. These two terms are idealized not a distinct line between them. There are animals who use both external and internal sources to regulate temperature.
Homoeothermic = referring to organisms who maintain a relatively constant body temperature. ("warm-blooded")
· thermo regulators
· i.e. Humans 
Poikilothermic = referring to organisms whose body temperature varies with their environment. ("cold-blooded")
i.e. lizards
 
· How does thermoregulation work?
. Balancing heat loss and heat gain
1. Conduction = the direct transfer of thermal motion (heat) between molecules of objects in direct contact with each other.
1. In cold weather don't lick metal because metal picks up saliva and quickly cools it making you stuck. 
1. Convection = the mass movement of warmed air or liquid to or from the surface of a body or object.
1. Radiation = the emission of electromagnetic waves by all objects warmer than absolute zero.
3. (all objects are warmer than absolute zero)
1. Evaporation = the process by which a liquid changes in to a gas
. Keep in mind that heat tends to move from hot to cold
 
· Metabolic activity can also be a source of heat
. Any living cell will be generating some heat because of its metabolic activity
 
· Thermoregulation = control the exchange and generation of heat
. Insulation -> reduces heat exchange
1. Fur works well because it makes it difficult for heat to pass through, it does slow heat exchange though because good at keeping heat in but needs to get rid of it too
. Circulatory adaptations -> control the distribution of heat within the body. 
2. Increase or decrease the amount of blood to flow
1. If warm more blood circulated at surface to get rid of some heat
1. If cold let skin to cool down
2. Animals can function with less heat at extremities and so will keep core warm but let extremities get cold. Will still need to get some circulation going at extremities though.
2. Concurrent = blood vessels with blood flowing in the same direction 
2. Countercurrent = blood vessels have blood flowing in the same direction
4. allows a lot more heat to be transferred 
4. What animals use to maintain a warm core while having cold extremities because it makes the cool blood coming from extremities warm up so don't get to core cold. 
. Cooling by evaporative heat loss 
3. Sweat
3. Splash self with water
3. Panting (dogs) 
3. Not as effective as humans because heat leaving from relatively small area (mouth)
. Behavioral responses
. Adjusting metabolic heat production
5. Animals can vary what occurs in body
i.e. Moths 
Pre-flight their temperature in thorax and abdomen are relatively same
Pre-flight warmup they vibrate wings to produce heat and thorax gets hotter than abdomen 
During flight this continues
 
· How do we control thermal regulation?
. Negative feedback = 
1. When body temperature decreases the blood vessels in skin constrict, sending blood from skin to deeper tissues and reducing heat loss from skin surface. 
1. Thermostat in hypothalamus activates warming mechanisms
1. Skeletal muscles rapidly contrast which causes shivering, which generates heat
1. When body temperature increases thermostat in hypothalamus activates cooling mechanism…
· Maintaining body temperature costs energy:
. Poikilotherms use a lot less energy than homoeotherms, therefore some homoeotherms will turn into poikilotherms by letting their temperature drop drastically and having arousal periods.
1. Doesn't the climb to arousal temperature cost a lot of energy? Yes, but less than not dropping temperature would cost.
. Most animals use some form of hibernation in colder places. 
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CHAPTER 41: DIGESTION

Animals are chemoheterotrophs 
· Chemoheterotrophs = must consume organic molecules for both energy and carbon.
· Chemical energy is required for muscle contraction, nerve resting potentials, protein productions, DNA replication, etc.
· Obtained from carbohydrates, lipids and proteins
· Cellular respiration is used 
· Organic carbon and nitrogen
· Required for the synthesis of organic molecules. 
· Use carbohydrates, lipids and proteins as building blocks to build our own because we are unable to do so on our own.
· Animals also require certain Essential Nutrients
· Carbs, lipids and proteins aren't considered essential nutrients.
Essential nutrients = substances that an organism requires but cannot synthesize itself. 
· Essential amino acids
· Animals require 20 amino acids to make proteins
· Most animals can synthesize about half of these from organic molecules that have nitrogen
· The other amino acids required must be acquired form food
· We don't have the metabolic processes to synthesize them
· Humans require eight essential amino acids (don’t need to know them)
· Essential fatty acids
· Animals require fatty acids to make lipids and related molecules (including phospholipids)
· Animals can typically synthesize most of these from organic molecules
· Other fatty acids can be acquired from food
· Two essential fatty acids 
· Vitamins
· Organic molecules required in the diet in very small amounts
· Are required for certain enzymes to function properly
· Various processes are shepherd but these
· Vitamin C = (aka. Ascorbic acid) a cofactor for a number of enzymes, including several involved in the synthesis of collagen (works on connective tissues)
· Most animals can produce their own ascorbic acid, therefore, it isn't considered a vitamin for them
· Minerals
· Inorganic nutrients required in the diet in usually small amounts
· We can't generate these in our body
· The quantity you need being small doesn't mean it isn't important
· Iron, for example is required in haemoglobin, there's very little in your body but it is crucial
 
An animals diet must requires chemical energy, organic molecules and essential nutrients.
 
To obtain these animals process food in different stages.
1. Ingestion
0. Suspension feeders = they pick up food floating around (typically in water)
 i.e. whales
1. Substrate feeders = they live in a world of food, basically eating through their environment
 i.e. Maggots, earthworms…
1. Fluid feeders = they never chew their food, they simply swallow it
i.e. hummingbirds
1. Bulk feeder = capture food and bring them in and chew them
i.e. humans
· These categories aren't strict per say, rather they are general. (humans can drink…)
1. Digestion
0. Synthesis and digestion of polymers
0. Synthesis is done by linking monomers whereas digestion is breaking them down. 
0. Digestion evolves the release of water
0. Carbohydrates
3. Disaccharides/polysaccharides -> monosaccharides
3. Sucrose, lactose, maltose -> glucose, fructose, galactose
3. Cellulose, starch, glycogen -> glucose, fructose, galactose
0. Proteins
4. Proteins and polypeptides -> amino acids
4. Collagen, haemoglobin, insulin -> valine, syenine,…
0. Lipids
5. Fats and oils -> glycerol and fatty acids
0. Nucleic acid
6. DNA, RNA -> nitrogenous bases, monosaccharides and phosphates
0. Intracellular digestion = mechanical breakdown occurring within the cell
7. Endocytosis brings in the food which then pinches off into the cytosol as a food vacuole. A lysosome, which contains hydrolytic enzymes, fuses with the food vacuole. This releases the hydrolytic enzymes who digest the food particles. The nutrients are then exported to various places. 
0. Extracellular digestion = mechanical breakdown occurs outside the cell
8. Digestive enzymes are brought outside the cell and the nutrients are then sent into the cell
1. Absorption
1. Elimination
 
 
Porifera = sponges
epidermis = cells to protect them
Mesohyl = jelly material that fills up the spaces
Spicules = inside the jell, they are like a skeleton, holding the sponge up and they vary in sponges
Choanocytes = line the inside, waving flagella which creates a current so water enters from porocytes
Porocytes = allow water to flow inside the sponge, form tubes piercing through the epidermis and mesohyl
Spongocoel = space in middle of sponge, not a body cavity
Osculum = water current leaves through this opening on the top of the sponge
The water current is carrying bacteria, algae, which is filtered out by choanocytes 
They are suspension feeders
Intracellular digestion is used
Cnideria
Cnidocyte = 
Gastrovascular cavity = inside body where food is digested, directly connected to mouth
Surrounded by gastrodermis, who is surrounded by epidermis
Gland cells = specialized cells in the gastrodermis that produce digestive enzymes that they release into the gastrovascular cavity. 
Flagella = help enzymes produced
· Food doesn't get digested to monomer level
Nutritive muscular cells = engulf through endocytosis and digestion continues within the cells 
Therefore, there is intracellular digestion where things get broken down more
This is an incomplete digestive system, meaning the food enters from the same place the waste exists. 
Both intracellular and extracellular digestion occurs
· This applies 
Mesenchyme = jelly like substance between the gastrodermis and epidermis
 
Ctenophora
They have a pharynx and stomach that helps with digestion
Has an anal pore but only little leaves through here
Most of the waste leaves through the mouth making it also an incomplete digestion system 
 
Bilateria Digestive Systems:
· Platyhelminthes
· Have a mouth and anus but still incomplete
· Bryozoa
· Pick up food lophophore and go through mouth to stomach and then out the anus
· Have a complete digestive system
· Rotifera 
· Complete digestion system
· Nemertea
· Mouth at 
· Phoronida 
· Have a complete digestive system it loops around so can be not obvious but still is
· Brachiopoda
· They're set up to have complete digestive system but missing the anus so makes it incomplete
· Mollusca
· Have a complete digestive system
· Annelida 
· Have a complete digestive system
· Nematoda 
· Have a complete digestive system
· Arthropoda
· Have a complete digestive system
· Chordata
· Have a complete digestive system
· Echinodermata
· Have a complete system but doesn't function as one so much functions more as an incomplete
· Their stomach can actually go through mouth so when they're faced with food to bog they can send stomach out to wrap around food.
 
 
Human Digestive System:
· Oral cavity = Where ingestion occurs
· Has teeth all away around
· Will smash cut and grind food
· Break off pieces of food to be digested
· Increases surface area available for digestion
· Tongue on the inside
· Manipulates food while it is in your mouth, making sure the food gets ground properly
· Forms the food into a bolus
· Bolus = a lump of food, easy to swallow
· Pushes bolus back into pharynx 
· Salivary glands are around the oral cavity
· Release saliva into oral cavity, and includes enzymes:
· Amylase = hydrolyzes starch and glycogen into smaller polysaccharides and the disaccharide maltose
· Mucin = slippery glyco-protein (carbohydrate-protein complex) which helps lubricate the bolus
· Pharynx = back of throat made of tubes, connects also to the nasal cavity
· Glottis = tube that branches off pharynx and leads to lungs
· Epiglottis = closes door to glottis to ensure food doesn't go down it but down the esophagus
· Esophagus = pushes food down because it has muscle that relax in front of bolus and contract behind it which makes move down
· Peristalsis = patters of contracting and relaxing muscles that move bolus down esophagus
· Epithelial = loose tissue that lines inside of esophagus
· Held by loose connective tissue to allow for movements
· Smooth muscle = lies behind epithelial and responsible for peristalsis
· Connective tissue = holds everything together
· This set up continues down the stomach
· Stomach
· Sphincter at either end of the stomach keep the food within the stomach
· Sphincter between esophagus and stomach prevents food from going back up the esophagus
· Sphincter between stomach and small intestines prevents food from interring the small intestines
· The epithelial tissue is folded to be able to expand - can take up to 2L of material
· Gastric glands = release gastric juices 
· The glands are part of the stomach lining
· 3 types of cells
2. Chief cells = release pepsinogen which is converted into pepsin
1. Pepsin hydrolyses proteins into smaller polypeptides - this starts off digestion
2. Parietal cells = release hydrochloric acid into the stomach
2. The HCl disrupts extracellular matrices and cell walls
2. HCl also converts the pepsinogen into pepsin
2. Mucus cells = they produce mucus
3. Found near the opening of the gastric glands
3. The mucus protect the stomach lining from the digesting cells
3. Gastric juice = made up of pepsin and HCl (mucus is really just stuck to the lining)
3. Stomach muscles contract which churn the stomach contents turning it into chyme
3. Functions of the stomach
4. Break up tissues
4. Proteins begin their chemical digestion (start breaking down into smaller polypeptides)
4. Kills bacteria - the acidity makes it hard for organisms to survive
3. There are some that have found ways to survive - I.e. tapeworm
4. Stores food for a while
3. Sphincter connecting to small intestines relaxes and food moves on
. Small intestines: (about 6 m)
4. Pancreas = releases pancreatic juice into small intestines
1. Pancreatic juices is made of
1. Bicarbonate = neutralizes acidity of the chyme coming in from the stomach
1. Once acidity is neutralized pepsin also stops being made
1. Trypsin and chymotrypsin = they further digest proteins into smaller polypeptides
2. Protein digestion starts in the stomach
1. Amylase = digests polysaccharides into disaccharides
3. Starch starts in the mouth
1. Nucleases = hydrolyzes nucleic acids into nucleotides
4. Nucleotide digestion starts in small intestines
1. Lipases = hydrolyzes lipids into glycerol, fatty acids and monoglycerides
5. Nucleotide digestion starts in small intestines
1. The pancreas is also connected to the liver
4. Liver = produces bile
2. Bile emulsifies lipids
2. It isn't a digestive enzyme but by emulsifying lipids it makes it easier for lipase to digest it
2. Bile is stored in gallbladder
4. Made of the duodenum, jejunum, and ileum
3. Duodenum = produces multiple enzymes (about 25 cm)
1. Saccharidases = hydrolyzes disaccharides into monosaccharides
1. Peptidases = hydrolyzes polypeptides and dipeptides into amino acids
1. Enzymes = hydrolyzes nucleotides into nitrogenous bases, sugars and phosphates
4. Food moves through the small intestines by muscle contraction
4. Makeup of small intestines 
5. Microvilli on the villi on the epithelial cells
1. There's this amount of folding to increases amount of plasma membrane which increases amount of transport proteins therefore increases amount pf nutrients absorbed
1. The total surface area of the small intestines is 300 m2
5. Active transport and diffusion is used
2. Active transport facilitates diffusion
5. Lacteal absorbs lipids 
3. In the intestinal lumen lipids are broken down to fatty acids, glycerol and monoglycerides then they form micelles which are able to diffuse through the epithelial cell layer. Then through exocytosis the micelles (have hydrophilic layer on the outside) cross water layer before diffusing through to the lacteal where they are absorbed.
4. Large intestine (about 1.6 m)
6. Colon 
1. Mainly absorbs water
1. About 7 litres of water has been secreted into the chyme
1. Minerals
6. Cecum = acts as a reservoir for bacteria
6. Appendix = connected to cecum 
3. Extension of cecum
3. Seems to have little to no function
3. Has active bacteria
3. Appendicitis = when appendix gets blocked and bacteria grows and appendix blows up and when it bursts it releases bacteria  
3. Appendectomy = surgery that removes the appendix
6. Rectum
4. Stores wastes called feces
1. Made of undigested material
1. molecules that aren't digested
1. i.e. cellulose fibre = doesn't seem to have a goal but does help the rest of feces go thru
1. Bacteria
. Anus = consists of 2 sphincters which keep the feces in the rectum until it is convenient to get rid of it
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CHAPTER 42: CIRCULATORY SYSTEM

Porifera:
· All body parts are close to the outside so in contact with environment 
 
Cnideria, Ctenophora, Platyhelminthes and Echinodermata:
· Fluid from the environment may be used internally to distribute materials
 
Rotifera, Bryozoa and Nematoda:
· Body fluid are used to distribute materials around the body
 
Nemertea, Brachiopoda, Mollusca, Arthropoda and Echinodermata:
· Tubes may help to circulate the body fluid
 
Phoronida, Mollusca, Annelida and Chordata:
· The tubes may be circulating fluid separate from the body fluid
 
Gastrovascular cavity = plays a role in distributing material around the body - not quite a circulatory system though
 
· There is no clear line between animals 
 
 
Circulatory System:
· A system that circulates fluid and distributes material to the body
· Hemolymph = the body fluid that was picked up by circulatory system to be pumped somewhere else in the body
· Only called this when it is found in the circulatory system
· Blood = specialized circulatory fluid (separate of other)
· Closed circulatory system = circulatory fluid is kept within the system (blood)
· Opened circulatory system = circulatory fluid doesn't stay within the system (hemolymph)
· Arthropod (I.e. insects) don't have blood since have an open systems
· Heart = pumps the blood
· Atrium = receives blood (and passes it to the ventricle)
· Ventricle = pumps blood out the heart 
· Very muscular part of the heart
· Blood vessels = circulates blood through the body
· Arteries = carry blood away from the heart
· Not necessarily very oxygenated
· Arteriole = smallest arteries, responsible for carrying blood from an artery to capillaries
· Veins = carry blood to the heart
· Not necessarily very deoxygenated
· Venule = smallest veins, responsible for carrying blood from capillaries to a vein
· Portal vein = carry blood from capillaries to other capillaries 
· There are only a few in the body
· i.e. hepatic portal vein
· Capillaries = allows exchange of blood to surrounding tissues
· Heart -> arteries -> 
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· Fish are a grade not a clade
· Fish circulatory system: have a heart and a single blood circuit
· Two chambered heart a ventricle and atrium
· Blood is sent to the gills where it releases CO2 and takes in O2
· It's very hard to get blood through capillaries so way back to heart is slow
· Amphibian
· 3 chambered heart
· The absorb oxygen directly from water through capillaries but this means also toxins can get absorbed
· Oxygenated and deoxygenated blood tend to stay on different sides
· Two separate circulations
· Reptiles (the grade not the clade)
· Similar circulatory system to amphibian
· More or less 3 chambered heart but ventricle is somewhat split
· In some reptiles the ventricle can be mostly opened or closed
· Why sometimes called a 31/2 chambered heart
· 3 separate circuits
· Poikilotherms = "cold blooded" - temperature matches environment
· This means they can "stop breathing" meaning they don't need to to get blood to lungs therefore they want to skip that destination which is why their 3rd circuit is a shortcut 
· Mammals and birds
· 4 chambered heart
· 2 separate circuits
· One to the heart the other to the rest of body
· Circuit: right ventricle -> pulmonary artery -> capillaries of lung -> pulmonary veins -> left atrium -> left ventricle -> aorta -> capillaries in arms and head -> vena cava's
· Posterior vena cava (interior) = blood from lower body
· Anterior vena cava = blood from upper body
· Right ventricle is most muscular as needs to send blood to rest of body
· Atrioventricular valves = 
· Semilunar valves =  
· Deoxygenated blood is represented by colour blue but is NOT blue
· Cardiac cycle: 
· Atrial and ventricle diastole = heart muscles are not contracting (0.4 sec)
· Blood is flowing in but no pumping occurs
· The semilunar valves are closed
· Atrial systole; ventricular diastole = atrium contracts while ventricular muscle is still relaxing (0.1 sec)
· This forces more blood into the ventricle ensuring that it is completely full (0.3 sec)
· Ventricular systole & atrial diastole = ventricular muscle relax and atrium contract pushing blood out of heart
· V-fib = ventricular fibrosis = when heart goes out of sync
·  SA node = natural pacemaker which keeps cardiac cycle in sync
· Located on wall of right atrium
· It initiates contractions and the rest of the heart follows
· Heart could contract without it but would be slower
· It only contracts atria
· AV node = 
· Signals are delayed 
· ECG/EKG = measurement of electrical changes across heart muscle
· Blood vessel makeup
· Arteries
· Endothelium = only part in contact with blood
· Smooth muscle = surrounds endothelium
· Connective tissue = surround muscle and can accommodate the blood flow
· Capillaries
· Only made of endothelium 
· Very thin wall to facilitate the exchange with exterior
· Veins
· Lined with endothelium surrounded by smooth muscle which is connected by connective tisues
· Thinner walls then arteries because contend with less pressure
· Have one way valves which aren't found in arteries
· Help move blood because at that point blood doesn't have much pressure and can pool down in legs so they help move blood back towards the hearts
· About 5 litters a minute pumps through aorta and come back out through cvena cava's
· The blood has more room in the capillaries but it slows down to be able to exchange materials
· Pressure pushes the blood through circuit
· Diastolic pressure =
· Systolic pressure = 
· The circulatory system can adjust the amount of blood going in different areas
· Muscles can be controlled a lot
· To the brain the blood is kept very consistent
· Capillaries have sphincters which can regulate blood distribution as well
· i.e. when your cold restricts going to skin to minimize heat loss
· Osmosis occurs between interstitial fluid and blood 
· As blood flows through capillaries it picks up water 
· Pressure though is higher with blood so it’s a balancing act
· At first blood pressure is dominant force but as blood makes way through capillaries osmosis pressure takes over
· About 20 L of fluid is lost from capillaries each day
· About 17 L is reabsorbed by capillaries
· Leaving 3 litres than need to be returned to blood each day
· This is returned by lymphatic system
 
Lymphatic System:
· Animals with no circulatory system or with a n open one don't have a lymphatic system
· No circulatory doesn't need to return fluid anywhere
· Opened systems loose all water
· Lymphatic system has been found in chordates but not all have them
· Fish (grade) have numerous small "dead end" vessels that start near capillaries and later join with veins
· This is a small lymphatic system as vessels return fluid to blood
· Tetrapods have a distinct lymphatic system
· Typically "dead end" vessels drain fluid lost from capillaries, these join together an eventually return the fluid (lymph) to the blood.
· Fluid is typically pumped by muscular lymph hearts, assisted by body movement and one-way valves In the vessels - work similarly to veins in circulatory system
· Mammals do not have lymph hearts
· Lymph is moved entirely by body movements and one-way valves in the lymph vessel
· This is why people who are paralyzed have fluid buildup where the muscles don't move
· Circuit: (textbook)
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Blood
· Human blood is very similar to mammalian blood
· Red blood cells without a nucleus
· When centrifuge blood the denser part sinks (cellular elements) and some floats (plasma)
· Plasma = slightly yellowish and contains
· Water which is important as it acts as solvent and carries stuff too
· Plasma also contains ions (blood electrolytes) which are present in different concentrations which are maintained
· Role of these ions is osmotic balance, pH buffering and regulating of membrane permeability
· i.e. sodium, potassium, calcium, magnesium, chloride, bicarbonate
· Plasma proteins 
· Albumin which helps with osmotic balance and pH buffering
· Fibrinogen which is used in clotting
· Immunoglobins (antibodies) which help with defence
· Other substances like nutrients (glucose, fatty acids and vitamins), waste product (i.e. uria), respiratory gases (i.e. O2, CO2)
· Cellular elements - cell types are:
· Erythrocytes (red blood cells)
· What gives blood its color
· Transport oxygen and help transport carbon dioxide too
· Haemoglobin
· Leukocytes (white blood cells)
· There different kinds and they have to do with immune system
· Platelets 
· Plasma membrane sack 
· Function in blood clotting
· Bone marrow is where blood cells are synthesized
· Blood Clotting:
· Usually only endothelium of blood vessel are in contact with blood
· When damage vessel the connective tissue is exposed and platelets start sticking which then causes other thrombocytes will also sticking 
· This forms a platelet plug which starts the clotting process
· Signals from platelets will cause a reaction cascade
· Change prothrombin to thrombin (prothrombin is always present)
· Thrombin then changes to fibrin (thrombin is always present)
· The fibrin is also sticky and will form a web (fibrin clot) which leads to a blood clot
· Immune cells will deal with blood clots
· Hemophilia is disease where missing some components that trigger blood clots so they get transfusions usually for platelets
 
Gas Exchange
· ATP is generated
· Respiratory system is needed
· Gill = thin-walled extension of the body that provides surface area for gas exchange
· Many annelids have gills
· Mollusca also have gills
· Gills need to be moist so not common in terrestrial animals who will have lungs
· Arthropods (spiders) have internal lungs (called book lungs) which are essentially an internal gill
· They may also have a spiracle which opens into system similar to respirator system in insects
· System is made of spiracle with trachea which branch off all over the body and oxygen can diffuse directly through so don't depend on circulatory system
· Chordates 
· Actinopterygii
· Counter current allows for a very efficient gas exchange
· Swim bladder = evolved from lungs 
· Gars still use their lungs
· Amphibians have gills when young some keep them and other loose them as get older
 
 
Human Reparatory System
· We breath in through our nostrils which open up in to nasal cavity -> pharynx -> glottis -> larynx -> trachea -> bronchus -> bronchial tree -> bronchioles
· Nasal cavity = compartment behind nose
· Pharynx = also connects to oral cavity
· Epiglottis = closes across glottis and prevents food from entering
· Larynx = cartilage box which has to stay opened and so is stiff
· Trachea = needs to be opened all the time and is made of rings of cartilage 
· Splits into two bronchi which go into lungs
· Bronchial tree = tubes in lungs that get smaller and smaller until bronchioles
· Bronchioles are made of smooth muscle unlike rest of tree
· They empty into alveoli 
· Alveoli acts like gills and where gas exchange happens
· Air gets filtered, warmed up and humidified by nasal cavity, pharynx, larynx, trachea, bronchus and bronchial tree
· Filtering is important because lungs are warm area where bacteria can grow
· Warmed up because close to heart
· Humidify because gills work better when wet
· Bronchioles are responsible for adjusting air flow
· Alveoli is where gas exchange happens
· Fick's equation of diffusion: Q = [DA × (P1 - P2)]/L
· Q = rate od diffusion
· To maximize need a high D
· D = diffusion coefficient
· Expresses how hard it is for substance to diffuse through medium
· High D is obtained through moist surface
· A = area across which diffusion is taking place
· Huge surface area is given by all the small alveoli
· P = partial pressure
· # are places so calculation the difference in partial pressure between two places
· Takes into account both concentration gradient and the pressure
· i.e. air pressure = 760 mm Hg
       air 21% oxygen
       P(O2) = 21% × 760 mm Hg = 160 mm Hg
· This is obtained by breathing
· L = length - how far diffusion has to go
· Have very thin cell layer around alveoli
· Circulatory system in terms of gas exchange:
· Air is inhaled and gets to alveoli where blood leaves through alveolar capillaries and enter circulatory system to be delivered all over
· Carbon dioxide has low partial pressure… (use textbook)
· About 97% of the oxygen transported by human blood is bound to haemoglobin
· About 23% of carbon dioxide transported by human blood is bound to haemoglobin
· About 70% of carbon dioxide transported by human blood gas reacted with water to form carbonic acid
· CO2 + H2O ↔ H2CO3
· The concentration of carbon dioxide in the blood affects acidity
· As haemoglobin looses carbon dioxide it makes it better at picking up oxygen
· There's a control mechanism that keeps track of this 
· Signals are carried to the brain stem 
· Breathing centers control the breathing
· Try to adjust oxygen levels in blood
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· Expansion of lungs (textbook)
· Lungs just hang in chest cavity, their not attached to it
· It fills up because the pressure inside is higher then the pressure surrounding it
· Air enters lungs because you create a suction which pulls it in
· If have a punctured lung you get a collapsed lung because the air leaks out of the lungs so they can't expand properly
· If ribs crack and puncture through chest cavity then air starts leaking in which will also cause lungs to collapse
· This is common in car accidents where not wearing seatbelts and crush ribcage
· Total inspiration = 2700 mL
· Total expiration = 2200 mL
· Tidal volume = 500 mL
· Birds don't breathe like us
· They inhale air into sacks at their back and when exhale they exhale through the lungs
· They're able to maintain a higher partial pressure which gives them a very good respiratory system
· This helps with flight but didn't evolve for it as it exists in animals who don't fly
· Alligators have a very similar respiratory system to birds
· They are related to birds so the trait is likely from common ancestor
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It is different than other systems as it uses parts of other systems
 
· Organisms accumulate resources from their environments
· In 80 kg human
· 16 kg protein
· 10 kg lipid
· 3 kg carbohydrates
· 700 megajoules
· 170  000 000 calories
· 170 000 Calories
· 1 kg calcium
· Many animals want to take advantage of all these resources at apart for the big ones (i.e. lions) there are microorganisms and that who the immune system defends for
· About protecting body from invading microbes/pathogens 
· Innate Immunity = evolves rapid response to a broad range of microbes
· Not targeted at specific microbes but effective at all that enter
· Subdivided into:
· External defences
· Skin
· Mucous membranes
· secretions
· Internal defences
· Phagocytic cells
· Antimicrobial proteins
· Inflammatory response
· Natural killer cells
· Acquired immunity = slower responses to specific microbes
· Typically there's a delay but are very effective once they get going
· Subdivided into
· Humoral response - antibodies
· Cell-mediated response - cytotoxic lymphocytes
 
Innate Immunity (in vertebrates)
· Found in all animals
· For external defences this includes
· Physical barriers 
· i.e. skin, exoskeleton, lining of trachea/digestive system/…
· Don't underestimated these physical barriers, they are very important
· Having a lot of you physical barrier removed puts enormous pressure on the rest of immune system
· Chemical barrier
· i.e. lysozyme in tears, mucus, saliva, HCl in gastric juice,…
· Internal defences
· Non-self cells must be identified using chemical cues
· This is one of the biggest challenges to immune system because need to be able to get what need and evade what don't want!
· Immune cells respond to molecules on non-self cells that aren't found on self cells
· i.e. molecules on fungi and bacteria
· Phagocytic cells
· Hemocytes in hemolymph of insects
· These will engulf and destroy what doesn't belong 
· Lysosomes containing enzymes will merge with engulfed vacuole digest it and eject
· Antimicrobial proteins
· Typically interfere with metabolic processes that are foreign to the self
· i.e. penicillin will interfere with the cell wall of bacteria since we don't have any cell wall it doesn't affect us
· Circulate through the body
· Inactivate or kill bacteria, fungi and other various invaders
· All animals have an innate immune system
· Chordates
· Have variety of phagocytic cells 
· leukocytes (some white blood cell)
· Specifically neutrophils, monocytes and eosinophils
· Neutrophils - majority in your body (60-70% of leukocytes)
· Monocytes - less common (3-8% of leukocytes)
· They aren't active on their own but develop into macrophages which aren't normally seen floating around in blood, monocytes do but when mature into macrophages in goes into tissues
· Macrophages are also found in the spleen and the lymph nodes
· Macrophages are like neutrophils on steroids -> extremely efficient
· Eosinophils - also uncommon (2-4% of leukocytes)
· Enter parasites worms and release destructive enzymes (suicide bombers in your body;))
· Dendritic cells - involved in acquired immunity
· Antimicrobial proteins
· Interferons = trigger anti-virus defences
· The complement system - cascade of reactions that creates holes in the plasma membrane of invading cells
· Make holes which causes cytoplasm to leak out
· Inflammation - inflammatory response
· Macrophages = on guard waiting for invaders that they engulf
· Mast cells = part of connective tissue
· When detect invaders they release histamine which increases blood flow and permeability in capillaries
· Increase blood and make in leakier and so a lot of blood will be flowing out of capillary which makes area look read and feel warm because of all the blood flowing to the area.
· Swelling will also be seen because of excess fluid
· During this time invaders are taking in nutrients
· Neutrophils and monocytes join the "war" and help clean it all out 
· Leukocytes not part of innate immunity:
· Basophils - very rare (0.5-1% of leukocytes)
· Play a role with response by releasing signals that intensify inflammation
· Lymphocytes - next most common after neutrophils (20-25% of leukocytes)
· T cells - involved in acquired immunity
· B cells - involved in acquired immunity
· Natural killer cells - specialised cells that attack and destroy diseased self cells
· i.e. cancer - your cells growing out of control
· i.e. cells affected by viruses
 
 
Acquired Immunity (in vertebrates)
· Unique among animals - only vertebrates have acquired immunity
· It is integrated with our innate immunity 
· The lymphatic system drains fluid and returns it to heart
· The spleen = functions like lymph nodes but isn't part of lymphatic system
· Actually part of circulatory system and blood is what flows through it
· Packed with lymphocytes and macrophages
· Stores lymphocytes, erythrocytes and thrombocytes
· Easy to restore water but blood is more complex so have storage to fill up gaps
· Remove worn out erythrocytes (breaks down about 2 million per day)
· Erythrocytes don't have nucleus so can't generate proteins and therefore don't last very long (approx. 120 days)
· Globins and iron from hemoglobin are recycled when erythrocytes is 
· Heme groups are converted into bilirubin
· Bilirubin is removed from blood by the liver and uses it to make bile
· Jaundice is excess bilirubin in the blood
· Very common in babies because liver hasn't yet adjusted to doing job completely yet
· Also common in adults will liver deficiency
· It's responsible for yellow colour in bruises
· Its not that there's more bilirubin but that it is the one of the last things taken care of
· Breakdown product gives feces its brown colour
· Bilirubin is also removed from the blood by the kidneys and is responsible for the yellow colour of urine
· Acts as a lymph node
· Immune system can survive without a spleen 
· Has very small wall so when gets damaged its very hard to repair
· Other parts of the body can do its job if it is removed
· Lymph nodes = packed with lymphocytes and macrophages and work to clear lymph fluid
· Lymphocytes 
· B cells - mature into bone
· T cells - circulate for a while and they arrive at the thymus and mature there
· Both B and T cells have antigen receptors which are proteins that have at least one antigen biding site
· Antigen binding site is a particularly sticky part that allows it to stick to antigens 
· An antigen is essentially a molecule that doesn't belong
· Typically are protein from a bacteria
· Can have very complex structures and antigen binding site will only stick if it finds epitope
· Epitope is a specific site on antigen to which an antigen binding site will stick
· Any given antigen can have hundreds of epitopes
· Each lymphocytes (B and T cells) has about 100 000 antigen receptors on its surface
· Each human has about 1 000 000 different B cells and bout 10 000 000 different T cells and each with a different antigen receptor
· DNA of B and T cells have multiple antigen codes and when they mature they cut out all but one ensuring that have variety of B and T cells with wide variety of antigen receptors
· Besides that all B and T cells are clones of each other
· T cell antigen receptor can only bind t antigens that are presented by another cell on a MHC (Major histocompatibility complex)
 
 
 
 
 
 
 
 


