Respiratory system 

· Partial pressure gradients in gas exchange 
· Partial pressure is the pressure exerted by a particular gas in a mixture of gasses. A gas always undergoes net diffusion from a region of higher partial pressure to a region of lower partial pressure. 

· Respiratory media 

· The conditions for gas exchange vary considerably, depending on whether the respiratory medium—the source of oxygen—is air or water. 

· Gas exchange with air is much easier than gas exchange with water due to differing diffusional coefficients. Do2 in air is higher than DO2 in water. 

· Aquatic animals that need to extract oxygen out of water have developed special adaptations to do this.

· Respiratory surfaces 

· The respiratory surface is the part of an animal's body where gas exchange occurs. 

· The cells that carry out gas exchange have a plasma membrane that must be in contact with an aqueous solution. Respiratory surfaces are always moist. 

· The movement of oxygen and carbon dioxide across respiratory surfaces takes place by diffusion. 

· Respiratory surfaces tend to be large and thin to maximize surface area to maximize the flux of these gases. 

· In sponges, cnidarians, and flatworms, every cell in the body is close enough to the external environment so that gases can diffuse quickly between any cell and the environment. The skin serves as the respiratory organ. 

· In other animals, the bulk of the body's cells lack immediate access to the environment. 

· Gills in aquatic animals 
· Gills are outfoldings of the body surface that are suspended in the water. They often have a total surface area much greater than that of the rest of the body's exterior. 

· Movement of the respiratory medium over the respiratory, a process called ventillation, maintains the partial pressure gradients of oxygen and carbon dioxide across the gill that are necessary for gas exchange. 

· In fishes, the efficiency of gas exchange is maximized by countercurrent exchange, the exchange of a substance or heat between two fluids moving in opposite directions. 

· In a fish gill, the two fluids are blood and water. 

· As blood enters a gill capillary, it encounters water that is completing its passage through the gill (almost depleted of oxygen). The partial pressure of oxygen in the water is greater than that of the blood in the capillaries, and oxygen transfer takes place. 

· Because blood flows in the direction opposite to that of water passing over the gills, at each point in its travel blood is less saturated with oxygen than the water it meets.

· Even as the blood continues its passage, its partial pressure of oxygen steadily increases, but so does that of the water it encounters, since each successive position in the blood's travel corresponds to an earlier position in the water's passage over the gills. 

· Tracheal systems in insects 

· The tracheal system is a network of airtubes that branch throughout the body.

· The largest tubes, called tracheae, open tot he outside. 

· The finest branches, tracheoles, extend close to the surface of nearly every cell, where gas is exchanged by diffusion across the moist epithelium that lines the tips of tracheal branches. 

· Lungs
· Lungs are localized respiratory organs. They are an infold of the body surface that are typically subdivided into numerous pockets.

· Because the respiratory surface of a lung is not in direct contact with all other parts of the body, the gap must be bridged by the circulatory system. 

· Mammalian respiratory systems

· Air enters through the nostrils. The air is then filtered by hairs, warmed, humidified, and sampled for odors through the nasal cavity. 

· Mucus secreted by goblet cells traps large dust particles, pollen, and other particulate contaminants.

· The nasal cavity leads to the pharynx, an intersection where the paths for air and food cross. 

· All the contaminants and mucus are swept back here by cilia for disposal via spitting or swallowing. Called the mucus escalator. 

· The larynx is the upper part of the respiratory pathway. It is the voice-box; if non-gas enters, cough reflex activates. 

· Also controls action of the epiglottis. If food is moving down the pharynx, the larynx will tip the epiglottis over the glottis, which is the opening of the trachea so food can move down through the esophagus. If air is moving through, the epiglottis is covering the esophagus, so air can travel down through the glottis. 

· The trachea is the windpipe. 

· The walls of the trachea is reinforced by ringed cartilage that is C-shaped (for strength and to keep the airway open). 

· Covered by ciliated mucus cells.

· The trachea branches into two bronchi, one leading to each lung. Within each lung, the bronchi branch repeatedly into finer and finer tubes called bronchioles. 

· Gas exchange in mammals occur in alveoli, air sacs clustered at the tips of the thinnest bronchioles. 
· Oxygen diffuses through the alveolar wall through the pulmonary capillary wall, into blood, and into red blood cells. Carbon dioxide moves in the opposite direction starting at the red blood cells and moving into the alveoli. 

· Alveoli lack cilia or significant air currents to remove particles from the surface so they are highly susceptible to contamination. 
· White blood cells patrol the alveoli, engulfing foreign particles.

· Alveoli produces a mixture of phospholipids and proteins called surfactant, which coats the alveoli and reduces surface tension which prevents collapse. 
Breathing
· How an amphibian breathes

· An amphibian such as a frog ventilates its lungs by positive pressure breathing, inflating the lungs with forced airflow. 

· Muscles lower the floor of an amphibian's oral cavity, drawing in air through its nostrils.

· With the nostrils and the mouth closed, the floor of the oral cavity rises, forcing air down the trachea and into the lungs. 

· During exhalation, air is forced back out by the elastic recoil of the lungs and by compression of the muscular body wall. 

· How a bird breathes 

· To bring fresh air into their lungs, birds use eight or nine air sacs situated on either side of the lungs.

· The air sacs do not function directly in gas exchange but acts as bellow that keep air flowing through the lungs. 

· Instead of having alveoli, sites of gas exchange in bird lungs are tiny channels called parabronchi. 

· Two cycles of inhalation and exhalation are required to pass one breath through the system:
· First inhalation: air fills the posterior air sacs 
· First exhalation: posterior air sacs contract, pushing air into the lungs 
· Second inhalation: air passes through the lungs and fills the anterior air sacs 
· Second exhalation: as anterior air sacs contract, air that entered the body at first inhalation is pushed out of the body. 

· How a mammal breathes 
· Tidal breathing is breathing in and out through the same tubing, inhibiting gas exchange during exhalation. 

· Deoxygenated air is mixed with some fresh air during inhalation, some of it is re-breathed

· Much less efficient than birds. 

· Mammals employ negative pressure breathing—pulling, rather than pushing, air into their lungs.

· Using muscle contraction to expand their thoracic cavity, mammals use lower air pressure in their lungs below the air outside the body. The pressure gradient causes air to flow into the lungs. 

· During exhalation, the muscles controlling the thoracic cavity relax, and the volume of the cavity is reduced. The increased air pressure in the alveoli forces air up into the breathing tubes and out of the body. 

· Expanding the thoracic cavity during inhalation involves the animal's rib muscles and the diaphragm, a sheet of skeletal muscle that forms the bottom wall of the cavity. 

· The diaphragm is a skeletal muscle and is controlled by the phrenic nerve It is also the only organ which only and all mammals have, and without which no mammal can live. 
· Inhalation is an active process – diaphragm and the intercostal muscles (between ribs) contract and flattens. This causes an increase in volume and a decrease in pressure in the lungs. The pressure gradient is created and there is a bulk flow of air into lungs. 
· Exhalation is a passive process – decrease in lung volume causes an increase in air pressure. Air then rushes out and the diaphragm relaxes and expands. 

· The volume of air inhaled and exhaled with each breath is called tidal volume. 

· The tidal volume during maximal inhalation and exhalation is called vital capacity. 

· The air that remains after a forced exhalation is called the residual volume. 

· As you get older, residual volume increases while vital capacity decreases. 

· Control of breathing in humans 

· Most of the time your breathing is regulated by involuntary mechanisms. 

· The neurons mainly responsible for regulating breathing are in the medulla oblongata, near the base of the brain. Neural circuits in the medulla form a pair of breathing control centers that establish the breathing rhythm. 

· When you breathe deeply, a negative-feedback mechanism prevents the lungs from over expanding: during inhalation, sensors that detect stretching of the tissue send nerve impulses to control circuits in the medulla, inhibiting further inhalation. 

· In regulating breathing, the medulla uses the pH of the surrounding tissue fluid as in indicator as blood carbon dioxide concentration. 

· Blood carbon dioxide is the main determinant of the pH of cerebrospinal fluid, the fluid surrounding the brain and the spinal cord. 

· Carbon dioxide diffuses from the blood and into the cerebrospinal fluid, where it reacts with water to form carbonic acid. Carbonic acid then dissociates into bicarbonate anion and hydrogen ion.

· In response to decreasing pH, the medulla will increase the depth and rate of breathing until the pH returns to a normal value. 
Respiratory pigments
· coordination and circulation of gas exchange

· During inhalation, fresh air mixes with air remaining in the lungs. 

· The resulting mixture formed in the alveoli has a higher Po2 and a lower PCO2 than the blood through the alveolar capillaries. 

· As a result, there is a net diffusion of oxygen out of the alveoli and there is a net diffusion of carbon dioxide into the alveoli. 

· By the time leaves the lungs in the pulmonary veins, its Po2 and Pco2 match the values for those gases in the alveoli (because they are in equilibrium). 

· In the systemic capillaries, the partial pressure gradients favor oxygen to diffuse out of the blood and carbon dioxide to diffuse into the blood. 

· After the blood unloads oxygen and loads carbon dioxide, it is return to the heart and pumped to the lungs again. And the cycle re-begins. 

· Respiratory pigments

· Animals transport most of their oxygen bound to proteins called respiratory pigments. 

· Respiratory pigments greatly increase the amount of oxygen that can be carried within the circulatory fluid. 

· The main respiratory pigment of all most all vertebrates and many invertebrates is hemoglobin. 

· In vertebrates, it is contained in erythrocytes (RBCs) and has 4 subunits, each with a cofactor called a heme group with an iron atom at its center. 

· Each heme binds one molecule of oxygen, so 1 hemoglobin molecule can carry 4 molecules of oxygen. 

· Hemolgobin binding to oxygen is reversible, allowing it to load O2 in one area and unload it elsewhere. 

· Binding for O2 is cooperative, meaning that when one oxygen molecule binds, the other subunits conformations change, increasing their affinities for oxygen. 

· As we have seen, high amounts of carbon dioxide lowers the pH of its surroundings by reacting with water to form carbonic acid. Low pH decreases the affinity of hemoglobin for oxygen, an affect called the Bohr shift. This is to facilitate hemoglobin to release oxygen to offset the increased carbon dioxide concentrations. 
· 2,3-diphosphoglycerate (2,3-DPG) is produced from an intermediate compound in glycolysis and decreases the affinity of hemoglobin for oxygen. 

· Produced when there are low oxygen levels so that hemoglobin can be stimulated to release its bound oxygen molecules. 

· During high levels of oxygen, oxyhemoglobin inhibits the enzyme that synthesizes 2,3-DPG. 
· Chloride shift: carbonic anhydrase is in red blood cells so charge must be maintained when bicarbonate ions (negative charge) leaves the cell. When bicarbonate diffuses out into the plasma, chloride anions enter.
· Haldane effect: Deoxygenation of the blood increases hemoglobin's ability to carry carbon dioxide whereas oxygenated blood decreases hemoglobin's ability to carry carbon dioxide. 

· CO2 does not dissolve in blood well, so we need to convert it into H2CO3 to increase the dissolving ability. 

· At tissues we have high concentrations of carbon dioxide (from respiration). It will diffuse into the blood cell, where carbonic anhdyrase will turn it into H2CO3, which then becomes bicarbonate and H+. This explains why high [CO2] lead sot low pH. 

· At the lungs, CO2 wants to leave the blood and into the alveoli while oxygen wants to leave the alveoli and into the blood cells. However, the CO2 is in the bicarbonate form, so it will have to re-enter the RBC where the carbonic anhydrase will reverse the reaction and turn it back into CO2. It will then diffuse out of the lungs. 
· Consider hemoglobin: hemoglobin is going to interact with H+ (Bohr shift)  to form an alternative version of hemoglobin that doesn't bind to oxygen as well and therefore will end up binding to CO2 instead. So in the presence of high [CO2] and [H+], the hemoglobin structure is altered to the alternative form that will release oxygen and will bind to CO2. 
· Bigger picture: tissues are high [CO2] and [H+] and they are not getting a lot of oxygen so we want to oxygenate them. When hemoglobin arrives at these tissues, the low pH causes Bohr shift which stimulates the hemoglobin to release its oxygen molecules to the tissues and will stimulate the hemoglobin to attach to CO2 molecules. When Hemoglobin binds to CO2, it prevents the CO2 from forming carbonic acid. In this sense, hemoglobin is acting as a buffer by binding to CO2 molecules to prevent more CO2 molecules from turning into carbonic acid and decreasing the pH. At the lungs, carbonic acid will be re-converted back into CO2. This will raise the pH and cause the hemoglobin molecule to return back to its normal form with higher affinities for oxygen. CO2 leaves to the alveoli while oxygen diffuses in and becomes bound to the hemoglobin. 

· Factors that affect dissociation curve of hemoglobin:

· the dissociation curve of hemoglobin is sigmodial. 

· Curve is shift right (oxygen is released easier, low oxygen affinit) increase of CO2 pressure, H+ concentrations, temperature, and exercise. CADET face right!

· Myoglobin is the oxygen binding pigment in muscles. 

· It has a hyperbolic dissociation curve. 

· No cooperative binding 

· single subunit 

· Saturates very quickly and releases in very low oxygen “emergency muscle” situations 
· Fetal hemoglobin has a dissociation curve shifted to the left compared to an adult. 

· By shifting the curve to the left, the fetal hemoglobin has a higher binding affinity to grab oxygen from maternal blood. 
