Unit 5  Control in cells and in organisms


1. Response to stimuli
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What is a stimulus?

__________________________________________________________________________________________________________________________________________________________
The ability for an organism to respond to stimuli increases the chances of survival for that organism.  
Stimuli are detected by ___________________ which transform the energy into a form of energy that can be converted into a response.  

What is an effector?

_________________________________________________________________________________________________________________________________________________________

What is a response and how is it controlled?

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

At GCSE you learnt about a reflex action.  What are the stages of the reflex action?

The simplest form of response to stimuli are:

In mobile organisms:

1. Taxes – (take a taxi home you go somewhere)

This is a directional response to a stimulus

Organisms move towards or away from the directional stimulus Motile organisms respond directly to environmental changes by moving its whole body either towards a favourable stimulus (positive) or away from an unfavourable one (negative).  

For example, (1) Single-celled algae will move towards light – positive phototaxis



   (2) Earthworms will move away from light – negative phototaxis

How does Taxes increase an organisms chance of survival?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

e.g. maggots move away from light.

2. Kinesis (Kinetic = movement)

This is a non-directional response to a stimulus - Organisms increase or decrease movement as the intensity of the stimulus changes
In this case, the organism does not move towards or away from a stimulus.  Instead, the more unpleasant the stimulus, the more rapidly it moves and the more rapidly it changes direction.  

For example, Woodlice move more rapidly and change direction more often in dry conditions, however, when they are in moist conditions, they slow down and change direction less often.

Describe how this will increase the woodlices chances of survival?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
[image: image2.jpg]Behaviour

Definition

Example

Taxis

« Aresponse

«  Towards (positive) or Away from
(negative)a stimuli.

«  Themovementis direct and
orientated with respect to the
stimuli.

e.g. Positive Photo-taxis : towards the
direction from which light is coming.

e.g. Positively chemo-taxis: towards the
source of a diffusing chemical

Kinesis.

Aresponse toa stimuli
No particular direction of response
Increased or decreased level of
activity

« Until the organism ends up further or
nearer to the stimuli

Planariaisa flatworm

Itwill move towards food source
Positively chemo-taxic

The movement is direct and
orientated with respect to the stimuli

+  Euglenaisa unicellular photosynthetic organism that
moves in response towards light.

Positively photo-taxic: the movement s direct and

orientated with respect to the stimuli





In plants:

3 Tropisms

[image: image1.png]3.5.1  Stimuli, both internal and external, are detected and lead to a response.

Survival and
response

Organisms increase their chance of survival by responding to changes in their
environment

Tropisms as responses to directional stimuii that can maintain the roots and shoots
of flowering plants in a favourable environment

Taxes and kineses as simple responses that can maintain a mobile organism in a
favourable environmen.

A simple reflex arc involving three neurones. The importance of simple reflexes in
avoiding damage to the body.

Control of heart
rate

The role of chemoreceptors and pressure receptors, the autonomic nervous system
and effectors in controling heart rate.

Receptors

The basic structure of  Pacinian corpuscle as an example of a receptor. The
creation of a generator potential on stimulation

The Pacinian corpuscie should be used as an example to ilustrats the following.
* Receptors only respond to specific stimuli

* Stimulation of receptor membranes produces deformation of stretch-mediated
sodium channels, leading to the establisnment of a generator potential.

Differences in sensitivity and visual acuity as explained by differences in the
distribution of rods and cones and the connections they make in the optic nerve




A tropism is a growth movement of part of a plant in response to a directional stimuli.   They either grow towards the stimuli (positive response) or away from the stimuli (negative response)
Remember Light = photo     

The shoots grow towards light 

______________________________
Roots grow away from light ________________________________________________

Roots grow towards water ________________________________________________ 
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and gravity _______________________________________________

Do summary questions page 143
Nervous control

The nervous system has two major parts:

The Central Nervous system ______________________________________________

The Peripheral Nervous system ______________________________________________________________________

Copy fig 1 page 144 and add additional information below each category

The motor nervous system can be divided into the Voluntary nervous system (under conscious control) and the Autonomic nervous system (is involuntary – not under conscious control)
At GCSE you learnt about the role of the reflex arc to bring about an automatic response in the nervous system

A reflex arc involves 

Stimulus →Receptor→Coordinator→Effector→Response

Complete the diagram below
Receptor, Sensory Neurone, Intermediate neurone (Relay neurone), Motor neurone

Stimulus, Effector – this can be a muscle or gland, Synapses
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[image: image13.jpg]Gravitropism in Roots

Redistribution of Auxin to the cells on the
bottom of the root slow cell elongation
Cells on the top of the root continue to
At 30 minutes clongate.
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Why are reflex arcs important?

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Control of the heart rate

Autonomic Nervous system

Our autonomic nervous system is responsible for controlling the involuntary activities of internal muscles and glands, such as the heart, stomach and intestines.  In most situations, we are unaware of the workings of the ANS because it functions in an involuntary, reflexive manner. For example, we do not notice when blood vessels change size or when our heart beats faster.
[image: image16.jpg]


It is made up of two parts which are important for two things:
· [image: image17.png]¥
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In emergencies that cause stress and require us to "fight" or take "flight" (run away)  - the sympathetic nervous system

· In non-emergencies that allow us to "rest" and "digest." [image: image4.png]


 - the parasympathetic nervous system.

The Sympathetic Nervous System

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Parasympathetic nervous system (think ‘paralyses – slows down’)

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
The sympathetic and parasympathetic normally oppose each other and are said to be antagonistic.
Control of the heart beat involves the role of the autonomic nervous system

Look over Booklet 6 Module 1 = the heart to recap over the cardiac cycle.

Changes in heart beat are controlled by the brain – the medulla oblongata which contains two centres

1 – to increase heart rate linked to SA node by _______________________ nervous system (known as acceleratory nerve)
2.  To decrease heart rate linked to SA node by ________________________ nervous system (known as vagus nerve)
Which centre stimulated depends on the information they receive from two receptors – 

· chemical changes in the blood and 
· pressure changes in the blood

Chemoreceptors

Where are chemoreceptors found?

______________________________________________________________________

What are they sensitive to?

______________________________________________________________________

How does this affect pH?
_____________________________________________________________________________

Copy flow diagram Fig 2 page 148 and add additional notes from passage
Control by pressure receptors

Where are pressure receptors found?

_________________________________________________________________________________________________________________________________________________________

How do they cause changes in heart rate?

Blood pressure Higher than normal

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________Blood pressure lower than normal 

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Role of receptors – the Pacinian Corpuscle and the Eye
Receptors are specific and detect one type of stimulus only.  Some receptors are cells (photoreceptors in the eye) and some are proteins on the cell surface membranes e.g. glucose receptors found on pancreatic cells
All receptors convert (transduce) one form of energy into another – they convert the energy from the stimulus into a nervous impulse known as a generator potential.  
1. The pacinian corpuscle

· Only respond to a specific stimuli – mechanical pressure

Converts the mechanical energy of the stimulus into a generator potential ( a nerve impulse)
Within the plasma membrane are protein channels such as sodium channels.  In the sensory neurone in the Pacinian corpuscle the sodium channels are called 

stretch –mediated sodium channels – their permeablilty changes when they change shape.  


How does the Pacinian corpuscle transducer the mechanical energy into a generator potential?

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2  The eye
The light receptor cells (photoreceptors) are found on the retina of the eye.  
Light energy enters the eye and hits the photoreceptors.  The light is absorbed by light sensitive pigments which are bleached (the pigment in rod cells is called rhodopism and in cone cells is called iodopsin).  This causes a chemical change and alters the permeability of the membrane to sodium ions. 

A generator potential is created and if it reaches the threshold value a nerve impulse is sent along the bipolar neurone – these connect the photoreceptor to the optic nerve.  

There are two types of receptor cells: Rod cells and cone cells, both of which convert light energy into the electrical energy of a nerve impulse.
The light has to go through the neurone to reach the photoreceptor

Rod cells

Rod cells produce images in ________________________________________ because they cannot distinguish between different wavelengths of light.  

 There are more rod cells found on the retina than cone cells.

Many rod cells share a single sensory neurone – t his is known as retinal convergence.  

What is the advantage of this?
______________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Because the rod cells all share one bipolar neurone cell the light that is received by the rod cells will only generate one single impulse regardless of how many rod cells are stimulated.  
How does this make the rod cells have low visual acuity?

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Cone cells

There are three types of cone cells  - red- sensitive, green sensitive and blue-sensitive.  They are stimulated in different proportions so you see different colours.
Each cone cell has its own separate bipolar neurone cell connected to a sensory cell so if each cone cell is stimulated then the brain receives impulses from each nerve cell .

· Cones are less sensitive than rods and will only send action potentials in bright light.  This is because one cone joins one neurone so it takes more light to reach the threshold and trigger an action potential.

 It also means that the stimulation of a number of cone cells cannot be combined to help exceed the threshold value to create a generator potential.  
What is the advantage of each cone cell being attached to its own bipolar neurone?

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
By having both rod and cone cells and the connections they make to the optic nerve helps to explain the difference in visual acuity and sensitivity in mammals so that they have good all round vision both day and night.
Questions

1 a) What is

a taxis,

..........................................................................................................................................

..........................................................................................................................................

a kinesis?

..........................................................................................................................................

..........................................................................................................................................

(2 marks)

S (b) Woodlice are small animals. They are frequently found under rotting logs where

conditions are dark and humid. Some students investigated the response of woodlice

to light and humidity. They placed 20 woodlice in a choice chamber with the

following conditions in different areas of the chamber.

· Dark and moist

· Dark and dry

· Light and moist

· Light and dry

They recorded the number of woodlice present in each of the areas after ten minutes.

The results are shown in the table.

[image: image5.png]Number of woodlice in each condition after 10 minutes

Trial Dark and moist | Dark and dry | Light and moist | Light and dry
1 12 3 4 1
2 11 4 4 1
3 9 3 5 3
4 14 2 4 0
5 14 2 2 2
Total 60 14 19
Mean 12.0 2.8 38 1.4





The students carried out a χ2 test on the results. They tested the null hypothesis that there is no significant difference in the distribution of the woodlice.

(i) Against how many degrees of freedom should they check their value for χ2?

..........................................................................................................................................................
(1 mark)

(ii) They found that their value for χ2 was greater than the critical value for the appropriate number of degrees of freedom for a probability (p) of 0.05. What conclusion should they draw from this?

..........................................................................................................................................................
..........................................................................................................................................................
.........................................................................................................................................................
.......................................................................................................................................................
(2 marks)
APW/Jun07/BYA6

2 Figure 1 shows a small flatworm that lives in freshwater. This flatworm lacks specialised gas exchange surfaces and has no blood circulatory system. It secretes mucus, which enables it to move over the surfaces on which it lives
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Use the information to suggest and explain one advantage to the flatworm of

(i) its body shape

..................................................................................................................................

..................................................................................................................................

(1 mark)

(ii) a branched intestine.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

(2 marks)

 (b) A student placed ten flatworms in freshwater in the centre of a choice chamber. After

ten minutes, she recorded the position of each flatworm. Figure 2 shows her results. [image: image7.png]Figure 2
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(i) Suggest one advantage to the flatworms of the behaviour shown.

..................................................................................................................................

..................................................................................................................................

(1 mark)

(ii) The student concluded that these flatworms had responded to light. Give one

alternative explanation for her results. Explain your answer.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

(2 marks)

(iii) Suggest one way in which this student could modify her observations to

determine whether the behaviour of the flatworms is a kinesis. Explain your

answer.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

(2 marks)
Spec paper

The sea squirt is an animal that lives in the sea. The adults live attached to rocks.

During reproduction, the adult releases many larvae. The larvae can swim. After about an

hour of swimming, the larvae settle on rocks and start to develop into adults.

Two larvae were placed in a tank of sea water. One had been released from an adult

15 minutes earlier, the other 45 minutes earlier. The diagram shows the swimming patterns

of the larvae when the tank was lit from one side only.
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(a) Name the type of behavioural response shown by the sea squirt larvae.

Give evidence for your answer.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

(2 marks)

(b) The swimming behaviour changed with the age of the larvae.

1 (b) (i) Describe how the pattern of swimming behaviour changed.

..................................................................................................................................

..................................................................................................................................

(1 mark)

S 1 (b) (ii) Suggest the advantage of this change in behaviour to the sea squirt in its natural

habitat.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

(Extra space) ............................................................................................................

..................................................................................................................................

(2 marks)
Mod 6 2008

 The diagram shows part of the retina in a human eye.
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(a) Explain each of the following observations.

(i) When light falls on cells 1 and 2, only one spot of light is seen. But, when light falls on cells 2 and 3, two spots of light are seen.

..........................................................................................................................................

..........................................................................................................................................

(1 mark)

(ii) When one unit of light energy falls on cell 3, no light is seen. But, when one unit

of light energy falls on cell 3, one unit falls on cell 4 and one unit falls on cell 5, light is seen.

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

(3 marks)

(b) Cells of the same type as cells 6 and 7 are found in large numbers at the fovea. This results in colour vision with high visual acuity. Explain what causes vision using the fovea

(i) to be in colour;

..........................................................................................................................................

..........................................................................................................................................

(1 mark)

(ii) to have high visual acuity.

..........................................................................................................................................

..........................................................................................................................................

(1 mark)
Mod 6 Jan 05































Key words that you need to understand:


Resting state (normal state) – this is no stimulation is occurring – there is a difference in the voltage between the inside and outside of the cell – this is maintained by ion pumps and ion channels.


Potential difference – this is the difference in voltage across the membrane


Resting potential – this is the potential difference when the cell is in resting state


Generator potential – this is the change in potential difference due to a stimulus


Action potential – if the generator is big enough it will trigger an action potential – an electrical impulse along the neurone.


Stimulus – a stimulus causes the membrane to become more permeable to ions allowing them to enter and leave the cell –this alters the potential difference.


Threshold – this is the level a generator potential has to exceed before an action potential is triggered.








