AL Biology Outline: Chapter 14 and 15 


Homeostasis (Chapter 14)
· Maintaining a stable internal environment

· Temperature

· Amount of water

· Amount of glucose

· Feedback mechanisms

· Negative  (most)

· Receptors  (sensors) and effectors (produce a response)

· Input –  reduces output

· Positive

· Receptors 

· Input – increases output

Excretion
· Removal of unwanted products of metabolism

· Carbon dioxide and urea
· CO2 virtually continually by every cell

· Urea produced in the liver

· Excess amino acids 

· Transported from the liver to the kidneys

Deamination
· Liver removes N from amino acids, keeping the rest of each molecule

· Urea made from excess N in the amino acids

· NH2 + another H form ammonia (Fig 14.4)
· Keto acid group that remains may become  carbohydrate and be used in respiration or converted to fat (Fig 14.4)

· Ammonia, very toxic, is  combined with CO2 to form urea

· Human adult 25-30 g/day

· Other N wastes

· Creatinine – 

· Creatine made in liver from certain amino acids

· Used in muscles as creatine phosphate – energy store

· Excess creatine converted to creatinine and excreted

· Uric acid

· Made from the breakdown of nucleic acids- purines

· See attached handout for additional information

Kidney Structure
· Receives blood from renal artery (afferent  & efferent arterioles at each Bowman capsule), returns blood to renal vein (network of capillaries at the convoluted loops and loop of Henle)
· •
Ureter – carries urine from kidney to bladder 
· Urethra – carries urine from bladder to outside the body
· Kidney – three main areas (Fig. 14.5, 14.6, 14.7)
· cortex – tiny tubes called nephrons, form renal (Bowmans’s) capsule (glomerulus) and proximal & distal convoluted tubules

· medulla – contains loop of Henle and collecting duct

· renal pelvis – where ureter joins

· capsule – tough outer covering of the kidney

Ultrafiltration

· Making urine two stage process

· ultrafiltration -  filtering small molecules & urea out of the blood 

· reabsorption – taking back useful molecules from the fluid in the nephron
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· capillary endothelium

· far more gaps than other capillaries

· basement membrane - A
· collagen and glycoproteins

· renal capsule epithelial cells

· tiny finger-like projection with gaps - B – of podocytes

· holes in endothelium and epithelium make it easy for substances dissolved in blood to get from the blood to the capsule

· basement membrane stops large protein molecules – acts as a filter (RBCs/WBCs too large)
· glomerular filtrate = blood plasma minus plasma proteins
· Table 14.1

What makes the fluid filter?

· water potential differences

· lowered by presence of solutes

· raised by high pressure

· kidneys blood pressure relatively high

· raises the water potential of blood plasma

· concentration of solutes in blood plasma higher than inside renal capsule

· lowers the water potential of blood plasma

· overall – water potential of blood plasma in glomerulus is higher than water potential of liquid in renal capsule – water moves down the potential gradient (from blood into the capsule)

Reabsorption in the proximal convoluted tubule

· selective reabsorption

· transporter proteins – combination of active and passive transport
· Na+, Cl-, amino acids,  vitamins, glucose actively reabsorbed 

· water also reabsorbed  (65%)– concentration of filtrate remains constant

· urea also reabsorbed (half)

· uric acid and creatinine (actively secreted) – not reabsorbed

Reabsorption in the loop of Henle (conserves water in the body) and collecting duct

· function to create a very high concentration of salts in the tissue fluid of the medulla

· allows water to be reabsorbed from the fluid in the collecting duct

· produces concentrated urine

· descending limb – permeable to water, sodium and chloride ions

· water drawn out by osmosis into tissue fluid 

· because of high concentration, sodium and chloride ions diffuse in

· ascending limb – impermeable to water, sodium and chloride actively transported into tissue fluid between the cells
· collecting duct - - water moves out of the collecting duct

· controlled by antidiuretic hormone (ADH)

Reabsorption in the distal convoluted tubule and collecting duct

· sodium ions actively pumped from tubule into tissue fluid, pass into the blood

· potassium ions actively transported into the tubule

· rates of each can be varied in order to regulate these ions in the blood

Control of water content

Osmoreceptors, the hypothalamus and ADH

· hypothalamus – osmosreceptor cells lose or gain water
· loss of water triggers stimulation of nerve cells to produce ADH

· ADH – polypeptide of 9 amino acids

· ADH released into the capillaries in the posterior pituitary gland

How ADH affects the kidneys

· acts on the plasma membranes of the cells of the collecting duct

· increases the number of water-permeable channels

· makes these cells more permeable to water

· makes urine less dilute

· diuresis – production of dilute urine

Negative feedback in the control of water content

· when blood water rises, osmoreceptors are no longer stimulated

· ADH secretion slows (15-20 min)

· collecting duct channels move back into cytoplasm (15-20 min)

· membrane becomes less permeable

· urine becomes more dilute

Hormonal communication- (page 349)
Exocrine and endocrine glands

· endocrine glands – produce hormones (chemicals that carry information rfo one part of the body to another)

· endocrine – means “secreting to the inside”

· exocrine glands – means “secreting to the outside”

· not hormones

· saliva, bile, gastric juices, etc.

Hormones (old book-page 330 attached)
· polypeptides, proteins, or steroids

· can be secreted quickly
· very short life

· broken down by enzymes

· adrenaline (1-3 min)

· insulin (10-15 min)

· target cells (contain receptors) – particular group of cells affected by particular hormones

The pancreas- (pg. 315)
· endocrine and exocrine gland

· exocrine – pancreatic juices into duodenum 

· endocrine – islets of Langerhans 

· alpha cells secrete glucagon (stimulates release of glucose)

· beta cells secrete insulin (stimulates uptake of glucose)

The control of blood glucose (pgs. 315-320)
· glucose in blood

· stored in liver and muscles as glycogen (large, insoluble polysaccharide)

· normal blood glucose level 80-120 mg/ml

· increase in blood glucose

· alpha cells stop secreting glucagon

· beta cells secrete insulin

· insulin affects many cells especially in liver and muscles

· increases absorption of glucose from blood into cells
· increase rate use of glucose in respiration

· increase rate of conversion to glycogen

· glucagon affects the activity of liver cells

· stimulates break down of glycogen to glucose

· use of fatty acids as fuel for respiration instead of glucose

· production of glucose from fats

· release glucose into blood

Diabetes mellitus

· juvenile-onset diabetes – insulin-dependent diabetes – Type I
· beta cells incapable of secreting sufficient insulin, or
· person’s own immune system attacks beta cells
· non-insulin dependent diatbetes -  Type II
· pancreas secretes insulin

· liver and muscle cells do not respond

· after meal

· blood glucose rises

· kidneys cannot reabsorb all glucose, it enters urine

· water and salts accompany glucose into urine

· person feels hungry and thirsty

· uptake of glucose by cells slow

· use fats and proteins for metabolism

· leads to build up of keto-acids, lowers blood pH

· cause dehydration, salt loss

· can cause coma

· insulin production

· pig or cow insulin

· 1980’s genetically engineered bacteria with human insulin gene

· advantages of human engineered bacterial insulin

· more rapid response

· shorter duration of response

· less chance of immune response

· effective in people not tolerant to animal-derived insulin

· acceptable to people opposed to pig/cattle insulin

High-fructose corn syrup
Plant growth regulators (pages 336-338 in old book-copies attached)

· most plant communications de[ends on chemicals

· plant hormones produced in variety of tissues

· small quantities, difficult to detect

· travel, cell to cell, diffusion, some transported in phloem or xylem

· auxins

· IAA – indole 3-acetic acid – 

· synthesized tips of roots and shoots

· travels down/up shoot/stem by active transport

· determine plant growth up/down/sideways

· growth at apex (tips) stop buds on the side of stem – lateral buds

· cut off the tip, lateral buds grow

· apical dominance – presence of apical bud inhibits lateral buds


Gibberellins and stem elongation

· plant growth regulators

· stimulate cell division and elongation

Gibberellins and seed germination

· seed in dormant state

· embryo surrounded by endosperm tissue, food storage

· outer edge aleurone layer, protein rich layer 

· when seed absorbs water

· stimulates production of gibberellin

· stimulates synthesis of amylase

· hydrolyzes starch molecules to maltose

· converted to glucose, food for the embryo

Abscisic acid and stomatal closure

· abscisic acid – ABA

· stress hormone

· released in heat/drought stress conditions

· turgor in guard cells controlled by the activities of transporter proteins

· ATP-powered proton pump actively transport H ions out of the guard cells

· causes K channels to open and K moves into the cell

· lowers solute potential and water potential

· water moved in by osmosis

· increase turgor of cells
Nervous communication (Chapter 15 : Coordination)
Neurones (nerve cells)
· three types
· motor neurones – transmit message from teh brain of spinal cord to a muscle or gland

· sensory neurone

· intermediate neurone

· motor neurons

· cell body (nucleus) lies within brain or spinal cord

· thin cytoplasmic processes, all but one (axon) is short (dendrons)

· Dendron or dendrite

· conducts impulse towards  the cell body

· axon 

· conducts impulses away from the cell body

· sensory neurons

· cell body not in brain or spinal cord

· one long dendron, axon often shorter

· bring impulses from receptor cells (ex. touch, light) to the brain or spinal cord

•
Schwann cells (1/3 of sensory and motor neurons myelinated)

· wrap themselves around the axon

· creates a myelin sheath made largely of lipid and some proteins

· uncovered areas of axon between Schwann cells called nodes of Ranvier

· every 1-3 mm in human neurons

•
intermediate neurone
•
neurone between motor and sensory neurone

A refex arc

•
pathway in which impulses are carried from a receptor cell to an effector cell without involving ‘conscious’ region of the brain

•
intermediate neurone

•
neurone between motor and sensory neurone

Transmission of nerve impulses
•
nerve impulses

· not a flow of electrons like electrical current

· signals are very brief changes in the distribution of sodium and potassium ions across the plasma membrane

Resting potential

· difference between potential inside and outside the membrane

· normally -65mV

· 65mV lower inside the axon 

· maintained by the sodium-potassium pump

· Na+ picked up from the cytoplasm by a carrier protein and carried outside

· K+ picked up from external fluids by a carrier protein and carried inside

· requires ATP

· three sodium ions removed for every two potassium brought in but

· potassium diffuses back out faster then the sodium diffuses back in 

· overall excess of positive ions outside compared to inside
Action potentials 

•
change in the potential difference across the membrane

•
caused by changes to the permeability of the membrane to sodium and    potassium

•
stimulus causes sodium channels to open

•
diffuse into axon, creating a less negative inside, - depolarized

•
reaches +40mV

•
sodium channels close, potassium channels open and potassium diffuses out

•
this movement removes the positive charge from inside, returning the potential difference to normal – repolarization


Transmission of action potentials

· action potential at any point in an axon triggers the production of an action potential in the membrane on either side

· action potential can only be generated ahead of it
· behind it will still be recovering – refractory period

How action potentials carry information

· no difference between action potential from a strong or weak stimulus

· difference is in frequency, strong stimulus produces a rapid succession of action potentials

· strong stimulus affects more neurons

Speed of conduction 

· myelinated human neurons – 100m/s

· nonmyelinated 0.5 m/s

· action potentials jump from one node to another – salutatory conduction (1-3 mm)

· increases speed of transmission up to 50 times

What starts off an action potential?

· stimuli – light, touch, sound, temperature, or chemicals
· receptor cells respond to stimuli

· generate an action potential and send it on to a sensory neurone

Pacinian corpuscle (page 322-323 old book-copy attached)
· found in dermis of skin

· contain an ending of a sensory neurone, surrounded by several layers of connective tissue (capsule)

· pressure deforms the nerve ending causing sodium and potassium channels to open, depolarizing the membrane-  receptor potential

· harder the stimulus the more channels open, the greater the potential becomes

· triggers an action potential

Synapses
The mechanism of synaptic transmission
· small gap between neirons, 20 nm
· gap – synaptic cleft

· synapse – end parts of two neurons & cleft

· presynaptic – releases neurotransmitter

· postsynaptic – receptor sites for neurotransmitter

· action potential  reaches presaynaptic neuron

· sweeps along the membrane causing channels to open

· at the presynaptic cleft, causes sodium channels to open

· also causes calcium channels to open

· calcium ions rush into the presynaptic neuron

· causes vesicle containing neurotransmitter to fuse with the membrane and empty their contents

· neurotransmitters

· throughout the nervous system

· noradrenaline

· acetylcholine

· only in the brain
· dopamine

· glutamic acid
· cholinergic synapses 

· neurotransmitter is acetylcholine (ACh)

· ACh can diffuse across the synapse in 0.5 ms

· postsynaptic neuron contains receptor proteins

· complimentary shape

· ACh temporarily binds with receptor causing it to change shape

· change in shape causes sodium channels to open, 

· causes a depolarization 

· starts an action potential

· ACh is recycled
· acetylcholinesterase, enzyme present in the synaptic cleft

· splits ACh into acetate and choline

· choline taken back into presynaptic neuron, combined with acetyl co-enzyme A to form ACh

· transported into vesicles

·  complete cycle takes 5-10 ms

· neuromuscular junction

· junction between neuron (motor end plate) and muscle cells

The effects of other chemicals at synapses (pg. 327-328 in old book- copy attached)
·  nicotine – similar shape to ACh
· fits into ACh receptors (low affinity at neuromuscular junctions)
· produces similar effects, initiating action potential

· not rapidly broken down by enzymes

· botulinin
· produced by anaerobic bacteria Clostridium botulinin
· prevents release of ACh

· used in injections to prevent muscle contraction

· organophosphorous insecticides

· inhibit the action of acetylcholinesterase

· results in continuous production of action potential in the postsynaptic membrane

· nerve gases

· inhibit the action of acetylcholinesterase


The role of synapses

· ensure one-way transmission

· increase the possible range of actions in response to a stimulus

· allows interconnection of nerve pathways

· memory,  muscle movement, speech, all at the same time
· brain neurons have several thousand synapses

· some action potentials arriving at the synapse will stimulate an action potential in the neuron

· some action potentials arriving at the synapse will release transmitter substances which will make it more difficult to depolarize the membrane, i.e. inhibit action potential

· synapses involved in memory and learning

· brain link stimuli

· new synapses form for the passing of linked information

· repeat of stimuli follows new linked pathway – i.e. memory
