Module 1: Communication and Homeostasis

1.1.1 The need for communication

	Keeping cells active
	Give two conditions that enzymes need to work efficiently.
	

	Stimulus and response
	Why do organisms need to respond to the external environment?
	

	
	Give an example of a stimulus and a response.
	Stimulus
	
	Response
	

	
	Why do organisms need to respond to the internal environment?
	

	
	How are harmful waste products removed from the body?
	

	Coordination
	Why do cells need to communicate with each other?
	

	
	Give five features of a good communication system.
	1.


	
	
	2.


	
	
	3.


	
	
	4.


	
	
	5.


	Cell signalling
	Define cell signalling.
	

	
	How does cell signalling work in:
	Neuronal system
	

	
	
	Hormonal systems
	


1.1.2 Homeostasis and negative feedback

	Homeostasis
	Define homeostasis.
	

	
	List two constant conditions in living organisms.
	

	Negative feedback
	Define negative feedback. 
	

	
	What is the standard pathway to respond to a stimulus?
	

	
	What generates a stimulus?
	

	
	What is the role of effector cells?
	

	Positive feedback
	Define positive feedback.
	

	
	True or false:
	1.
Positive feedback is usually harmful.
	

	
	
	2.
Oxytocin released as a response to positive feedback is an example of harmful positive feedback.
	


1.1.3 Maintaining body temperature – ectotherms

	The need to maintain body temperature
	Why is it necessary to maintain body temperature? 
	

	Endotherms or ectotherms
	Fill in the blank:
	Those organisms which rely on external sources of heat to regulate body temperature are called __________.

	
	Give an advantage of being an ectotherm.
	

	
	Give a disadvantage of being an ectotherm.
	

	Temperature regulation in ectotherms
	Explain the reason for the following responses and categorise them to behavioural or physiological responses.
	1.
Snakes expose their body to the sun.
	

	
	
	2.
Horned lizards bask in the sun.
	

	
	
	3.
Lizards hide in burrows.
	


1.1.4 Maintaining body temperature – endotherms

	Endotherms
	Define endotherms.
	

	
	Give an advantage of being an endotherm.
	

	
	Give a disadvantage of being an endotherm.
	

	Temperature regulation in endotherms
	Describe the function of the following physiological mechanisms:
	1.
Sweating
	

	
	
	2.
Panting
	

	
	
	3.
Vasodilation of arterioles
	

	
	List three behavioural mechanisms to maintain body temperature in endotherms.
	1.


	
	
	2.


	
	
	3.


	Control of temperature regulation
	Where is the thermoregulatory centre in endotherms?
	

	
	How does the hypothalamus control body temperature?
	

	
	Give the changes brought about when the core body temperature falls below optimum.
	1.


	
	
	2.


	
	
	3.


	
	Where are the peripheral temperature receptors located?
	

	
	Explain how peripheral temperature receptors monitor temperature in extremities.
	


Quiz – Sections 1.1.1 to 1.1.4
	Quiz – Sections 1.1.1 to 1.1.4


	1.
Define:



	
	Stimulus
	

	
	Response
	

	
	Negative feedback
	

	
	Ectotherm
	

	
	Endotherm
	


	2.
True or False



	
The neuronal system and the hormonal system are the two major systems of cell signalling.
	
	
	

	
Positive feedback involves the reversal of the original change encountered by the organism.
	
	
	

	
It is not essential for living organisms to maintain their body temperature.
	
	
	

	
Horned lizards are examples of endotherms.
	
	
	

	
Exergonic reactions in the bodies of endotherms help maintain body temperature.
	
	
	

	
The hypothalamus is the thermoregulatory centre.
	
	
	

	
Pheripheral temperature receptors help by signalling an early warning to extreme temperature conditions.
	
	
	

	
When the core body temperature rises above optimum, the hypothalamus carries out a positive feedback mechanism.
	
	
	


1.1.5 Sensory receptors

	Sensory receptors
	Differentiate between sensory receptors and nerve impulses.
	Sensory receptors
	Nerve impulse

	
	
	
	

	
	List the five different types of sensory receptors.
	1.


	
	
	2.


	
	
	3.


	
	
	4.


	
	
	5.


	Generating nerve impulses
	Fill in the blanks:
	1.
Channel proteins on neurone cell membranes are specific to __________ /__________ __________.

	
	1. 
	2.
Ions diffuse down the concentration until they reach __________ concentration on either side of membrane.

	
	2. 
	3.
Carrier proteins that transport sodium ions out of the cell and potassium ions into the cell are called __________ /__________ __________.

	
	Explain how nerve cell membranes attain:
	1.
Polarised state
	

	
	
	2.
Depolarisation
	

	
	What is generator potential?
	

	
	What is an impulse?
	


	Sensory and motor neurones
	Describe the function of sensory and motor neurones.
	Sensory neurones
	

	
	
	Motor neurones
	

	
	Draw a neatly labelled diagram of a sensory neurone and a motor neurone in the space below.

	
	List five features of neurones.
	1.


	
	
	2.


	
	
	3.


	
	
	4.


	
	
	5.



1.1.6 Resting potentials and action potentials


	A resting neurone
	What is a resting neurone? 
	

	
	How is it maintained?
	

	
	Which ion diffuses out of the cell and why? 
	

	
	Fill in the blank: 
	When the inside of the cell is more negative to the outside, the cell is said to be __________.

	
	What is the potential difference across a cell membrane at resting potential?
	

	An action potential
	At resting potential which sodium ion channels are open or closed?
	

	
	What causes depolarisation of the cell membrane?
	

	
	How do the gated channels open in the generator region of receptor cells?
	

	
	How do gates along the neurone open?
	

	
	How is an action potential generated?
	

	
	What is the potential difference across a cell membrane at action potential?
	

	
	Which state is the neurone in this diagram in?
	
	


	
	With the help of the diagram on the right, explain the voltage changes (points marked 1–9) during generation and transmission of action potential.
	
	1.


	
	
	
	2.


	
	
	
	3.


	
	
	
	4.


	
	
	5.


	
	
	6.


	
	
	7.


	
	
	8.


	
	
	9.


	
	Draw lines to match the following definitions
	Threshold potential
	
	
The potential difference across the membrane of -50 mV; after this is reached, depolarisation of the membrane begins.

	
	
	Action potential
	
	
The overshooting of the potential difference due to K+ influx into the cell causing the potential across the cell to be at its most negative.

	
	
	Resting potential
	
	
The depolarisation of the cell which causes the inside to be more positive than the outside, the potential difference of which is +40 mV.

	
	
	Hyperpolarisation
	
	
The process by which the potential difference returns to resting state.

	
	
	Repolarisation
	
	
The potential difference of -60 mV which is maintained by pumping three sodium ions out of the cell for every two potassium ions pumped into the cell.


1.1.7 Transmission of action potentials

	Transmission of action potential
	Rearrange the steps in the correct order showing how a local current is generated in a neurone by writing numbers in the right-hand column.
	Ionic balance disrupted due to increased concentration of sodium ions.
	

	
	
	Action potential causes opening of sodium ion channels.
	

	
	
	Local current generated.
	

	
	
	Sodium ions diffuse inside the cell.
	

	
	
	Sodium ions travel along the neurone.
	

	
	How does an action potential move along the neurone?
	

	
	What are myelin sheaths?
	

	
	What cells make up myelin sheaths?
	

	
	What are the nodes of Ranvier?
	

	
	Can sodium/potassium ions diffuse through myelin sheaths?
	

	
	How are local currents generated in myelinated neurons?
	

	
	Explain saltatory conduction.
	

	
	True or false:
	The speed of transmission of an action potential in non-myelinated neurones is faster than along myelinated ones.
	


1.1.8 Nerve junctions

	The structure of a cholinergic synapse
	Fill in the blanks:
	1.
The junction between two or more neurons is called a __________.

	
	
	2.
The presynaptic action potential releases a __________.

	
	
	3.
Cholinergic synapses release __________ as a neurotransmitter.

	
	
	4.
The swelling at the end of a presynaptic neurone is called a __________ __________.

	
	
	5.
In a synaptic knob, acetylcholine is stored in __________ __________.

	
	
	6.
The __________ __________ contains receptors and specialised Na+ channels that respond to specific binding of transmitter chemical.

	
	Draw a neatly labelled diagram of a cholinergic synapse on the back of this sheet and label the following parts:

mitochondria, synaptic vesicles, smooth endoplasmic reticulum, calcium ion channels, postsynaptic membrane, acetylcholine

	Transmission across the synapse
	Draw a flow chart to explain how neurotransmitters transmit action potential.
	


1.1.9 Signals and messages

	Action potentials and cell signalling
	Why is an action potential called an all-or-nothing response?
	

	The role of synapses in a nervous system
	Several presynaptic neurones can converge to one postsynaptic neurone. How can this help?
	

	
	One presynaptic neurone can diverge to several postsynaptic neurones. How can this help?
	

	
	How are unwanted low-level signals filtered?
	

	
	How are persistent low-level signals amplified?
	

	
	Why do we soon get used to a particular smell or background noise?
	

	The frequency of transmission
	Are the sensory receptors sensitive to the intensity of a stimulus?
	

	
	How does the brain recognise the intensity of a stimulus?
	

	Myelinated and non-myelinated neurones
	Give five differences between myelinated and non-myelinated neurones.
	Myelinated neurones
	Non-myelinated neurones

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	Quiz – Sections 1.1.5 to 1.1.9


Quiz – Sections 1.1.5 to 1.1.9
1.
Fill in the blanks:

__________ receptors detect changes in the surroundings and generate nerve impulses.

Channel proteins are specific to __________ and ions.

A __________ __________  is created by altering the membrane permeability of the cell.

At resting potential, the potential difference across the neuronal membrane is __________.

At resting potential __________ __________ channels are closed and the cell membrane is said to be __________.

Upon receiving signals from sensory receptors, neuronal cells begin to __________.

At action potential, neurones depolarise and cause the inside to be more positive than the outside to __________ mV.

Opening of sodium channels at one point of the neurone disrupts the balance of ions and creates a __________ __________.

__________ __________  is an insulating layer over the neurone.

Gaps between Schwann cells are called __________ __________ __________.

The movement of an action potential that jumps from one of Ranvier to the next is called __________ __________.
The junction between two neurones is called a __________.

Neurotransmitters diffuse across __________ to __________ __________.

Cholinergic synapses use __________ as a neurotransmitter.

2.
Define

	
	Voltage-gated 

channels
	

	
	Threshold potential
	

	
	Neurotransmitter
	

	
	Summation
	


1.1.10 The endocrine system

	Signalling by using hormones
	Define the terms:
	1.
Hormone
	

	
	
	2.
Endocrine gland
	

	
	
	3.
Exocrine gland
	

	Targeting the signal
	What are target cells?
	

	
	What is a target tissue?
	

	The type of hormones
	On the basis of composition, how can we classify hormones? 
	1.

	
	
	2.

	
	Adrenaline is an example of which type of hormone?
	

	
	List an example of a steroid hormone.
	

	The action of adrenaline
	Can adrenaline enter its target cell?
	

	
	Which enzyme is associated with the receptor of adrenaline?
	

	
	What happens after adrenaline binds to its receptor, which activates adenyl cyclase?
	

	
	Why is adrenaline called a first messenger and cAMP a second messenger?
	

	The function of adrenal glands
	What are the two regions of the adrenal glands and what is their function?
	1.

	Function:
	

	
	
	2.

	Function:
	


1.1.11 The regulation of blood glucose

	The pancreas
	Describe the role of the pancreas as an exocrine gland.
	

	
	What are the digestive enzymes released by the pancreas?
	

	
	Describe the histology of pancreas.
	

	
	Draw a neatly labelled diagram of islets of Langerhans on the back of this page.

	
	Describe the role of the pancreas as an endocrine gland.
	

	The control of blood glucose
	Which cells monitor the concentration of blood glucose?
	

	
	What is the normal concentration of glucose in the blood?
	

	
	Where are insulin receptors found in the body?
	

	
	How do β cells respond when blood glucose concentration becomes too high?
	

	
	Once glucose enters the cell, how is it processed?
	

	
	
	

	
	
	

	
	Where are glucagon receptors found in the body?
	

	
	How do α cells respond to very low blood glucose concentrations?
	


1.1.12 Regulations of insulin levels

	The importance of regulating insulin
	When the blood glucose concentration is too high, which enzyme is released?
	

	
	Fill in the blanks: 
	 __________ and __________ ion channels lie on the surface of β cells.

	
	When blood glucose levels are low which ion channels are open?
	

	
	Rearrange the steps in the correct order of what happens when blood glucose concentration becomes high:
	Potassium channels close
	

	
	
	Glucose molecules diffuse in the cell
	

	
	
	ATP produced
	

	
	
	Calcium channels open
	

	
	
	Glucose metabolised
	

	
	
	Insulin released by exocytosis
	

	
	
	Calcium ions bring the insulin containing vesicles to cell surface
	

	Diabetes mellitus
	What is diabetes mellitus?
	

	
	Draw lines to match the following symptoms to either type I or type II diabetes.
	Type I diabetes
	
	
Receptors lose responsiveness to insulin

	
	
	
	
	
Starts in childhood

	
	
	Type II diabetes
	
	
Body’s own immune system attacks β cells

	
	
	
	
	
Occurs when people age

	Treatment of diabetes
	List a treatment for type I diabetes.
	

	
	What are the two potential treatments for diabetes?
	

	
	How can stem cells be potentially used to treat type I diabetes?
	

	
	What are genetically engineered bacteria?
	

	
	How can genetically engineered bacteria be used to produce insulin?
	

	
	List two advantages of the use of insulin from genetically engineered organisms?
	


1.1.13 Control of heart rate in humans

	The human heart
	Give examples of nutrients supplied by the blood.
	

	
	True or false:
	1.
Physical activity requires less oxygen and blood supply to tissues.
	

	
	
	2.
The heart adapts to changes in body requirements.
	

	
	
	3.
The rate at which the heart beats per minute is called the heart rate.
	

	
	Give two examples of heart adaptations to supply more oxygen and glucose.
	1.


	
	
	2.


	
	What is the SAN? 
	

	
	Fill in the blanks:
	1.
The SAN initiates an __________ __________ which travels to ventricles causing the heart to contract.

	
	
	2.
The frequency of contractions is controlled by the nerves of the heart that connect to __________ __________ of the brain.

	
	
	3.
__________ is a hormone that controls heart rate.

	Interaction between control mechanisms
	When is adrenaline released?
	

	
	What does adrenaline do?
	

	
	Which receptors monitor blood pressure?
	

	
	What happens when blood pressure becomes too high?
	


	Quiz – Sections 1.1.10 to 1.1.13


Quiz – Sections 1.1.10 to 1.1.13
1.
Fill in the blanks:

Hormones released directly into the blood are called __________.
__________ __________ are an example of an exocrine gland.

Cells that contain specific receptors to hormones are called __________ __________.

The pancreatic cells contain two types of cells called __________ __________ and __________ __________.

α cells secrete __________.

β cells secrete __________.

__________ __________ is a disease in which the body no longer controls the blood glucose concentration.

The pacemaker of the heart is called __________ __________ __________ __________.

The nerves in the heart are signalled by the __________ __________ that connect to the SAN.

The heart muscle responds to the presence of __________ in the blood. 
2.
Define:

	
	First messenger
	

	
	Second messenger
	

	
	Hepatocytes
	

	
	Islets of Langerhans
	

	
	Insulin
	

	
	Glucagon
	

	
	Type I diabetes
	

	
	Type II diabetes 
	

	
	Cardiovascular centre
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