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Who is this                      

pack for?

So… why complete 

this pack?

What’s in this 

booklet?

• This pack was created for all students, regardless of whether 

this is your best or worst subject. 

• It’s not graded or marked by your teacher. It’s a chance to 

explore the subject and learn in a new way that’s different to 

the classroom.

• Each pack is written by a PhD student researching this topic 

and has special knowledge on the subject. When they were 

your age, they knew nothing about it either! 

• By completing their mini-course, you will find out why it’s 

interesting, and you will build the skills that help you improve 

at school. 

• Learn new cool areas of a subject that you won’t cover in the 

classroom

• Sharpen your academic skills, like short essay writing and 

interpreting data

• Experience what it’s like to explore a subject freely

• Better understand what you enjoy and don’t – it will help you 

make decisions about your future studies and career choices!

Your RBC booklet is a pack of resources containing:

✔ More about how and why study this subject

✔ Six ‘resources’ each as a lesson with activities

✔ A final assignment to gauge learning

✔ Extra guidance throughout about the university skills you are 

building

✔ End notes on extra resources and where to find more 

information
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I had many interests growing up and wanted to be anything from 

an architect to a doctor. It wasn’t until A levels that I decided I 

wanted to go into scientific research.

The brain is such a complex system, and decoding how cells in 

the brain communicate with each other is fascinating since this 

is crucial for every being in the world.

I fell in love with biology during my A levels. I enjoyed learning 

details about how the human body works. I did a BSc 

Biomedical Sciences at University College London, where I was 

exposed to cell biology in my first year.

My passion for cell biology arose when I switched my degree to 

Masters in Cell Biology. Still, I wanted to keep an open mind and 

took courses on other topics like Neuroscience. This decision 

sparked my interest in cell biology and neuroscience, and these 

two subjects collided perfectly in my PhD project where I am 

looking at brain cells.

One person I admire in science is Barbara McClintock. Her 

discovery into ‘jumping genes’ - that genes can physically move 

within the chromosome - was revolutionary and earned her a 

well-deserved Nobel Prize. At a time when male scientists 

dominated the field, and her research was being ignored for 

more than a decade, Barbara McClintock kept persisting. She 

made fantastic discoveries without hesitation, which is truly 

inspiring for any scientist at any stage in their career.

My Interests

I think my subject is 

awesome because…

At school, I 

studied…

A resource that 

inspires me…

One person I admire 

is…

Name Akanksha Jain

Area of Study and Degree PhD in Neuroscience

University University of Edinburgh
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your ability to work on your own and find answers online or in

other books

your ability to create something original and express your ideas

your ability to apply what you know to new problems

your ability to evaluate sources (e.g. for bias, origin, purpose)

your ability to discuss the implications of what the numbers

show

your ability to engage with what you are reading by highlighting

and annotating

your ability to think logically to build an argument clearly

Research

Creativity

Problem solving 

Source analysis

Data analysis

Active reading

Critical thinking

Critical Thinking

Research-Based Curricula packs challenge you to build your

skills in this subject and be used across any of your

schoolwork.

Any time you see a badge, look out for a skill                             

you’ll be building!

These skills are the type of skills that teachers and universities

look for as you progress, so see how many you know below.

Skills you may see and use in this pack.
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As you work through this booklet, you’ll have the chance to build the skills you have read 

on the previous page. 

Make sure to revisit this page once you have mastered each skill. Tick off each skills 

badge below once completed!

Look out for these badges in the Data Source, Activities and Further Reading sections of 

each Resource. If you complete a skill more than once, write the number of times you 

completed it next to the badge. 

When you’ve earned all seven skills badges, you can discuss with your teacher how to 

further build your skills!

Critical Thinking

Data Analysis

Creativity

Active Reading

Research

Source Analysis
Problem Solving
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Be sure to use this section as you go through your booklet. If you see 

an emboldened word, you can find the definition here. If you are still 

unsure about the meaning or use of the word, we encourage you to 

use a dictionary or ask a teacher. See page 10 to add your own words.

Term Definition

Baker-Gordon 

Syndrome

Only described in 2015, it is a neurological condition 

due to problems in the calcium sensor protein. 

Individuals with Baker-Gordon Syndrome have mild-

extreme developmental decay.

Chemical synapse
A type of synapse where neurotransmitters are 

released from the presynaptic terminal.

Electrical synapse

Known as a gap junction where two neurons are 

mechanically linked, allowing a direct flow of electrical 

signals from one neuron to another. Charged ions are 

released to pass on electrical signals.

Endocytosis

A process in which cells transport molecules into cells. 

The surrounding plasma membrane internalises 

molecules.

Exocytosis

A process in which cells transport molecules like 

neurotransmitters outside the cell. Vesicles fuse with 

the plasma membrane releasing neurotransmitters.

Neuron

Known as a nerve cell or a neurone. A specialised 

group of cells that makes up the nervous system. 

Neurons receive sensory information from the external 

world and transmit motor commands to muscles, 

transforming and sending electrical signals in steps 

between.

Neurotransmission

Process in which neurotransmitters are released from 

the presynaptic terminal of one neuron and bind to 

receptors on the postsynaptic terminal of another 

neuron to pass on signals for communication.
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Term Definition

Neurotransmitter

Chemical messengers that carry chemical signals from 

one neuron to another neuron or a target cell like a 

muscle at a synapse. The target neuron then converts 

this chemical signal into an electrical signal to pass on 

information through the neuron.

Neurological 

conditions

Conditions that affect the brain, spinal cord and nervous 

system. Many neurological conditions exist, including 

dementia and stroke.

Plasma membrane

A lipid (fat) layer that surrounds all cells to separate the 

inside of the cells from the outside. Contains various 

proteins for different functions.

Postsynaptic terminal

Structure found at the dendrite of a neuron that 

receives information from the axon of other neurons. 

Contains receptors that bind to neurotransmitters 

released from the presynaptic terminal and convert the 

chemical signal of neurotransmitters into an electrical 

signal.

Presynaptic terminal

Structure found at the end of an axon of a neuron from 

which neurotransmitters are released at the synapse. 

Also known as the axon terminal of a neuron.

SNARE complexes

Soluble N-ethylmaleimide-Sensitive Factor Attachment 

Proteins (SNAREs) are proteins involved in the fusion 

of synaptic vesicles with the membrane during 

exocytosis.

Synapse

A structure between two neurons or a neuron and a 

target cell. The information is passed from one neuron 

to another or a target cell, like a muscle, through 

chemical or electrical signals. This is what allows 

neurons to communicate in the brain.

Synaptic vesicles

Also known as SVs are structures that package 

neurotransmitters at presynaptic terminals. SVs fuse 

with the plasma membrane to release neurotransmitters 

at a synapse.
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When you find words you don’t recognise in a lesson, be sure to look up their definition.

Use this page to write them down and make a note of their definition!

Term Definition

Synaptic 

communication

Refers to communication at a synapse either by 

chemical signals (release of neurotransmitters) or 

electrical signals (release of charged ions).
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Let’s talk synapses

Introduction to 

neurotransmission

Escaping Cells

Entering Cells

Bulk transport

How scientists study  

synapses

The brain is a complex system of billions of brain cells called neurons. Neurons 

communicate through electricity at structures called synapses. Synapses are where 

electrical signals are converted into chemical signals to pass information from one 

neuron to another. Synapses are the very reason we are alive.

Synapses are very, very tiny. Scientists use microscopes like the ones I use in the 

photo below to study them. This coursebook will take you on a journey from neurons to 

synapses while we ask ourselves how the very basics of life work.

The topics within this pack will include:

Resource One

Resource Two

Resource Three

Resource Four

Resource Five 

Resource Six



Resource One

Overview

Let’s talk synapses 

Nerve impulses, Brain function, and Nervous coordination 

(Biology)

By completing this resource, you will be able to: 

✓ Understand the functions of the brain and what neurons are.

✓ Describe the structure of a neuron and a synapse.

✓ Distinguish between chemical and electrical synapses.

1. Read the data source

2. Complete the activities

3. Explore the further reading

4. Move on to Resource Two

Topic

Key Stage 5             

Subject Area

Objectives

Instructions



Resource One

Data Source
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Weighing an astonishing amount of 1.4kg on average, the brain 

is the most complex and intricate organ in the body. It has 

centralised control over every organ in the body and is 

responsible for our thoughts, actions and feelings.

Central to the brain’s anatomy is nerve cells or neurons that 

carry out brain functions by communicating with other neurons 

and target cells such as muscle groups or glands. About 86 

billion neurons make up a typical human brain. The brain also 

contains other cell types called glial cells that support neuron 

health and function. For example, managing waste levels and 

nutrients.

Neurons are unique in their structure and function compared to 

other cells in the body. A typical neuron consists of a cell body 

(a fancier word is cell soma) containing the nucleus and 

cytoplasm. From the cell body, branches appear called 

dendrites. A dendrite is an extension of the cell body 

that gathers information from other neurons. A long nerve fibre 

extends from the cell body known as an axon. The axon typically 

carries information away from the cell body towards another 

neuron, muscle or gland. An axon can range from a centimetre

to several inches long. The information we speak of is electricity. 

Neurons transmit electrical signals within a tiny fraction of a 

second. The fast speed of electrical signals allows our body to 

respond to our ever-changing environment rapidly.

Section A

What is a neuron?

Figure 1: Structure 

of a neuron

Active Reading

Source Analysis



Resource One

Data Source
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Neurons are not physically attached to each other. Instead, 

there is a gap between neurons called a synapse. A synapse is 

commonly formed between the ends of axons and dendrites.

The synapse is a crucial structure where one neuron 

communicates with another neuron or target cell (a muscle or a 

gland) in a process called neurotransmission. One neuron can 

make thousands of synaptic connections, and all these 

synapses are constantly being made or destroyed in the brain 

depending on what we experience in our lives.

Now imagine how billions of neurons joined by even more 

synapses form the most complex organ: the brain (Figure 2). We 

will find out more about how neurons communicate in the 

following resources. Now, let’s see what a synapse looks like.

Section B

What is a synapse?

Figure 2: Neurons 

and synapse make 

the brain

Active Reading



Resource One

Data Source
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There are two types of synapses: 1) a chemical synapse and 2) 

an electrical synapse.

First, we will look at the most common synapse, a chemical 

synapse (Figure 3).

A chemical synapse consists of a presynaptic terminal, synaptic 

cleft and postsynaptic terminal. The presynaptic terminal is 

usually at the end of an axon. It is also known as the axon 

terminal. The synaptic cleft is the physical gap separating the 

two neurons or neurons and the target cell.

The postsynaptic terminal can be the dendrite of a neuron or the 

target cell (muscle or gland) opposing the presynaptic terminal. 

A special name is given to the synapse formed between the 

neuron and the muscle: the neuromuscular junction. In this 

coursebook, we will focus on the chemical synapse formed 

between two neurons.

At a chemical synapse, the presynaptic terminal contains 

chemicals known as neurotransmitters. Neurotransmitters are 

packaged into small pockets called synaptic vesicles. Hundreds 

of synaptic vesicles are present at the presynaptic terminal.

Section C

What does the 

synapse looks like?

Figure 3: Structure 

of a synapse

Active Reading

Source Analysis
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Data Source
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At a chemical synapse, when the electrical impulses reach the 

presynaptic terminal, it causes vesicles to release 

neurotransmitters which act as a chemical signal. The 

postsynaptic terminal detects these neurotransmitters. If the 

postsynaptic terminal is a neuron, the chemical signal can be 

converted into an electrical signal by the receptors, but if the 

postsynaptic terminal is a muscle, this can result in muscle 

movement.

In an electrical synapse, two neurons are mechanically joined by 

a specialised structure called a gap junction (Figure 4). 

The gap junctions are channels linking two neurons together. 

When one neuron is electrically excited, these channels pass 

the electrical signals to the next neuron.

Electrical synapses are faster than chemical synapses in 

sending signals, and information can travel both ways. The 

human brain consists of both electrical and chemical synapses.

Section D

Chemical and 

electrical synapses

Figure 4: Electrical 

vs chemical synapse

Source Analysis



OUTBOX

Delving into the 

father of 

neuroscience

Figure 5: Santiago 

Ramόn y Cajal with 

his microscope 

Resource One

Data Source
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Think about a world where synapses haven’t yet been 

discovered, and scientists do not know how nerve cells 

communicate. Imagine you have developed a ground-breaking 

staining method to see neurons under a microscope.

You use this staining technique to understand how two nerve 

cells are structured in the brain. You tell the world of your 

discoveries. Then, you discover that another person used the 

same staining method you developed, only to create an opposite 

theory! How would you feel? 

This exact scenario happened to Camillo Golgi. Camillo Golgi 

developed the staining method to see neurons and created the 

idea that neurons are fused, forming a huge neural network, 

which we now know and refer to as electrical synapses.

Far from this point of view, Santiago Ramόn y Cajal used the 

staining developed by Golgi to put forth a theory of ‘neurone 

doctrine’ - that neurons are not fused but are individual 

structures linked by gaps. Now, we refer to these as chemical 

synapses. Luckily for them, Golgi and Cajal were correct and 

were the first to share a Nobel Prize.

Santiago Ramόn y Cajal is known to 

be the Father of neuroscience, not 

only for his outstanding recognition 

of chemical synapses but also for 

his artistically intricate nervous 

system drawings.

The lesson here is that nature is 

complicated and that more than one 

way exists to explain how nature 

works.

Active Reading

Source Analysis
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Activities 
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1. Correctly identify structures A to D.

2. What is the term that describes the space between the 

neuron and the target cell?

3. Which statements are true? Correct the false statements. 

• Both electrical and chemical synapses use electrical 

signals between the neuron and the target cell.

• The presynaptic terminal receives information, and the 

postsynaptic terminal transmits information.

4. Using what you’ve learnt in Resource One, define synapse 

and neurotransmission.

5. Camillo Golgi developed a staining method to see neurons 

under the microscope:

A. What is the name of this staining method?

B. How does the staining method work?

6. State key differences between an electrical synapse and a 

chemical synapse. 

Activities

Research

Problem Solving

Critical Thinking
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Further Reading 
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• Learn more Fathers of Neuroscience that changed

neuroscience: The Black Stain That Changed Neuroscience –

YouTube

• Visit the website below and to practise synapse structure.

There is a timer, so be sure to answer as quickly as possible!

https://www.purposegames.com/game/nerve-synapse-quiz#

• Get a quick review of the Brain at NewScientist poster ‘Instant

expert: The Human Brain by Micheal O’ Shea:

instant_expert_31_brain.pdf (newscientist.com)

• Kang, H.W., Kim, H.K., Moon, B.H., Lee, S.J., Lee, S.J. and 

Rhyu, I.J. (2017). Comprehensive Review of Golgi Staining 

Methods for Nervous Tissue. Applied Microscopy, [online] 

47(2), pp.63–69. doi:10.9729/am.2017.47.2.63.

• Philips, H. (2006). Introduction: The Human Brain. [online] 

New Scientist. Available: https://www.newscientist.com/

article/dn9969-introduction-the-human-brain/.

• Newman, E.A., Araque, A., Dubinsky, J.M., Swanson, L.W., 

King, L.S. and Himmel, E. (2017). The beautiful brain : the 

drawings of Santiago Ramón y Cajal. New York: Abrams.

• BioRender: http://biorender.com

• Newman, E.A., Araque, A., Dubinsky, J.M., Swanson, L.W., 

King, L.S. and Himmel, E. (2017). The beautiful brain : the 

drawings of Santiago Ramón y Cajal. New York: Abrams.

• WOCinTech Chat | Flickr

Explore

References

Image Sources

https://www.youtube.com/watch?v=F64cnuo0oNU
https://www.purposegames.com/game/nerve-synapse-quiz
https://images.newscientist.com/wp-content/uploads/2010/10/instant_expert_31_brain.pdf
https://www.newscientist.com/
http://biorender.com/
https://www.flickr.com/photos/wocintechchat/


Resource Two

Overview

Introduction to neurotransmission

Biopsychology in context, and Nervous coordination 

(Biology)

By completing this resource, you will be able to:

✓ Recall the detailed structure of a synapse.

✓ Demonstrate an understanding of different players in 

neurotransmission.

✓ Discuss the sequence of events during neurotransmission.

1. Read the data source

2. Complete the activities

3. Explore the further reading

4. Move on to Resource Three

Topic

Key Stage 5        

Subject Area

Objectives

Instructions
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Data Source
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The structure of a chemical synapse allows neurons to 

communicate in a process called neurotransmission. As 

mentioned before, a chemical synapse is typically formed 

between the end of an axon and the dendrite of another neuron. 

Hence, these synapses are known as axo-dendritic synapses

(Figure 6).

We will focus on axo-dendritic synapses for the rest of 

the coursebook.

Now, let’s look at the sequence of events at a synapse during 

communication between two neurons. This communication is 

also known as neurotransmission.

The key players of neurotransmission are:

Section A

Players in 

neurotransmission

Figure 6:                       

Key players of 

neurotransmission

• Plasma membrane: Structure that surrounds the 

nerve terminal/ presynaptic terminal/ axon terminal.

• Receptors: Protein or a molecule that binds and 

detects chemical messengers or neurotransmitters.

• Calcium ion: Charged calcium atom.

Active Reading

Source Analysis



Resource Two

Data Source
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Neurotransmission starts when electrical signals reach the end 

of the axon called the presynaptic terminal. Here, electrical 

signals are detected by specific channels called voltage-

dependent calcium channels. 

‘Voltage-dependent’ means that these channels depend or rely 

on electrical signals to open or close. ‘Calcium channel’ means 

charged calcium atoms called calcium ions can flow through 

these channels. 

So, the electrical signals open the voltage-dependent calcium 

channels, and calcium ions enter the presynaptic terminal. The 

calcium ions are sensed inside the presynaptic terminal by a 

calcium sensor protein called synaptotagmin. We’ll revisit this 

protein later on in the coursebook.

Synaptic vesicles containing chemical messengers like 

neurotransmitters are already present on the presynaptic 

terminal.

After calcium is detected, these synaptic vesicles fuse with the 

plasma membrane in a process known as exocytosis. The 

fusion means the synaptic vesicle physically attaches to the 

plasma membrane and releases neurotransmitters into the 

synaptic cleft.

The release of neurotransmitters is known as firing.

The neurotransmitters move through the synaptic cleft and bind 

to receptors in the postsynaptic terminal. The receptors are 

specific to the neurotransmitters meaning that receptors will only 

recognise and bind to a specific type of neurotransmitter. 

Section B

Events in 

neurotransmission

Active Reading



Section B

Figure 7: Events in 

neurotransmission

Resource Two

Data Source
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The binding of neurotransmitters to receptors present on the 

postsynaptic terminal activates receptors. Activated receptors 

can help generate electrical signals in the postsynaptic terminal. 

These electrical signals are then passed through the neuron. 

This neuron will then repeat the process of neurotransmission. 

This is how synaptic communication between neurons carries 

information through the brain.

Source Analysis



Resource Two

Data Source
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OUTBOX

Types of 

neurotransmitters

Our brain contains many different types of neurotransmitters. All 

have different functions and different effects on brain activity. 

Some neurotransmitters increase brain activity, while others 

decrease brain activity. Some are involved in regulating our 

moods, while others are involved in regulating our hunger. 

Neurotransmitters can also have overlapping functions. For 

example, being hungry, as many of us might be aware, can also 

affect our mood (Many call this being ‘hangry’)!

One mood regulating neurotransmitter is dopamine. Dopamine 

gives a strong feeling of reward, which increases our motivation. 

Recreational drugs, for example, cocaine, increases our 

dopamine levels and users experience ‘pleasure’. But this 

pleasure is only short-lived. Cocaine prevents dopamine from 

being removed from the synapse. This means more dopamine 

remains in the synapse, which keeps activating the postsynaptic 

terminal through neurotransmission. This results in increasing 

motivation and pleasure.

However, since the brain is not used to having so much 

dopamine, it produces less dopamine over time. In the long-

term, users then need more and more of the drug to feel the 

same initial ‘pleasure’, slowly becoming an addiction where the 

user keeps 'craving' the drug.

Cocaine also causes many other long-term not-so-good 

changes in the brain. For example, cocaine can change 

behaviour, personality and even intelligence. So, it is no wonder 

that cocaine is an illegal drug.

Active Reading

Source Analysis



Problem Solving

Resource Two

Activities 
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1. Describe the structure of a chemical synapse.

2. Match the two columns in the table below:

3. What name is given to chemicals that diffuse across 

synapses?

4. Name three key players required for neurotransmission to 

happen at a synapse.

5. Describe the sequence of events using words and diagrams 

that occur during neurotransmission at a synapse.

Activities

Neurotransmission Receptors

Calcium voltage channels
Store and packages 

neurotransmitters

Synapse formed between an 

axon and a dendrite

Release of neurotransmitters 

from the presynaptic terminal 

to pass information at the 

synapse

Synaptic vesicles

Channels that respond to 

voltage changes and 

calcium enters through them

Neurotransmitters Axodendritic synapse

Critical Thinking



Resource Two

Further Reading 
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• Watch animations to learn about different types of synapses: 

https://www.getbodysmart.com/neurophysiology/synaptic-

contact-types/

• Listen to Ryan Brandt’s talk about different molecules in the 

brain effect neuron communication: https://www.ted.com/talks

/ryan_brandt_from_synapses_to_circuits_the_molecules_that

_grow_your_brain

• Make play cards to learn about events in neurotransmissions. 

Follow the instructions on: https://www.bioedonline.org/tasks/ 

render/file/index.cfm?fileID=1CCF6707-A640-CDDF-

4693E7577F42CFB7

• Purves, D. (2012). Neuroscience. Sunderland, Ma: Sinauer 

Associates.

• Stuart Ira Fox (2013). Human physiology. New York, Ny: 

Mcgraw-Hill

• BioRender: http://biorender.com

• WOCinTech Chat | Flickr

• Newman, E.A., Araque, A., Dubinsky, J.M., Swanson, L.W., 

King, L.S. and Himmel, E. (2017). The beautiful brain : the 

drawings of Santiago Ramón y Cajal. New York: Abrams.

Explore

References

Image Sources

https://www.ted.com/talks
https://www.ted.com/talks/ryan_brandt_from_synapses_to_circuits_the_molecules_that_grow_your_brain
https://www.bioedonline.org/tasks/render/file/index.cfm?fileID=1CCF6707-A640-CDDF-4693E7577F42CFB7
http://biorender.com/
https://www.flickr.com/photos/wocintechchat/


Resource Three

Overview

Escaping cells

Links to active transport in cells, bulk transport, 

Exocytosis, and Neurotransmission (Biology)

By completing this resource, you will be able to: 

✓ Show an understanding of trafficking in cells.

✓ Examine the role of exocytosis in synapses.

✓ Explain the role of specific proteins in neurotransmission.

1. Read the data source

2. Complete the activities

3. Explore the further reading

4. Move on to Resource Four

Topic

Key Stage 5                   

Subject Area

Objectives

Instructions



Exocytosis comes from ‘exo’- meaning ‘out of’ and                   ‘-

cytosis’ meaning ‘cell transport’ (Figure 8). 

Exocytosis is a process in which materials like neurotransmitters 

are transported from the cell to the outside of the cell. The 

process requires energy and is therefore known as active 

transport. Large amounts of material can be transported at the 

same time.

In exocytosis, vesicles - which are pockets of fats (called a lipid) 

surrounded by a membrane – usually fuse with the plasma 

membrane of cells. Here, the membranes of these vesicles 

become part of the plasma membrane. This way, the material 

inside the vesicles is released outside the cell.

Exocytosis happens in all cells of the body - not just neurons. In 

other cells, exocytosis may transport hormones that regulate our 

body. For example, cells of the pancreas release the hormone 

insulin through exocytosis, which regulates our blood sugar 

levels.
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Section A

What is exocytosis?

Figure 8: Exocytosis 

in cells
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In synapses, as we have learnt so far, neurotransmitters packed 

into synaptic vesicles are released by exocytosis. In synapses, 

exocytosis is highly controlled.

In neurons, exocytosis only happens once calcium ions enter

the synapse. Once calcium enters the presynaptic membrane, it 

is detected by synaptotagmin.

Synaptotagmin is the name of a protein that physically attaches

and binds to calcium. The synaptotagmin binding to calcium tells 

the presynaptic terminal that calcium has entered and the 

process of neurotransmission has started. Therefore, 

synaptotagmin is also known as a calcium sensor.

Section B

Exocytosis at 

synapses

Figure 9: 

Synaptotagmin and 

SNARE proteins

Active Reading

Source Analysis



Resource Three

Data Source

Physiological Society  |  AccessEd Research-Based Curricula 29

Roll Camera Action: Synapses Take on Communication  |  

Key Stage 5  |  Biology

After sensing calcium, synaptotagmin recruits other proteins that 

help to fuse synaptic vesicles to the plasma membrane. These 

other proteins are called SNARE proteins. 

SNARE proteins are found in both vesicles and the plasma 

membrane. This is where the science gets a little tricky. 

Many theories have been described to explain how 

synaptotagmin and SNARE proteins work in vesicle fusion.

However, there has yet to be a conclusive model. In other 

words, different people think it works differently!

The simplest model that most scientists agree on is that SNARE 

proteins become entangled and bind to each other.

This entangling and binding bring the synaptic vesicle very close 

to the plasma membrane, so the synaptic vesicle fuses with the 

plasma membrane. This also provides the energy to overcome 

the barrier of fusing two membranes.

Section C

Fusion of synaptic 

vesicles

Figure 10: Model of 

vesicle fusion

Active Reading

Source Analysis
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Remember, we mentioned that exocytosis at synapses is highly 

controlled. In other words, it is not just SNARE and 

synaptotagmin which are involved, but many other proteins are 

also required in the exocytosis of synaptic vesicles. 

There are too many to list here. But, if this picture is anything to 

go by, you get the idea!

Section D

Proteins in 

exocytosis

Figure 11: Proteins 

of exocytosis 

Fusion Exocytosis 

Actin

Docking 

and priming

Active zone

Source Analysis
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In 2013, three scientists won the Noble Prize for discovering how 

vesicles transport material. Thomas Sudhof from Germany and 

James Rothman and Randy Schekman from the USA shared the 

prize. Incredibly, the understanding of vesicle transport was only 

formally recognised ten years ago.

It isn’t to say that these three scientists made their discoveries 

only ten years ago. No, their discoveries were made over a span 

of 30 years. 

Scientific research takes months and years to understand what 

is happening inside our cells. In many ways, scientific research 

is like building a puzzle. Each piece of the puzzle is a discovery 

which fits together to build the bigger picture. This takes time.  

Scientists communicate with each other by writing and 

publishing their stories. Take these three Noble Prize winners as 

an example. They were all working on different aspects of 

transport in cells in different parts of the world. 

Over 30 years, as these three started publishing their work, the 

puzzle pieces began to come together. Finally, all three 

increased our understanding of how the material is transported 

in cells. 

The puzzle of how exactly transport happens has yet to be 

completed. Small pieces still need to be included. Several 

questions remain, such as what controls transport, how it goes 

wrong in diseases like diabetes and neurological disorders, and 

what treatments can correct defective trafficking. Further 

research is vital to complete the puzzle, which will help answer 

these critical questions.

OUTBOX

Discovering vesicle 

trafficking

Figure 12: Science 

and puzzle

Active Reading

Source Analysis



1. What is the calcium-sensitive protein found in synapses 

called?

2. Use the words in the table on the left to complete the 

paragraph below: 

When electrical signals reach the synapse of a neuron _ _ _ _  

dependent _ _ _ _ channels open, and calcium _ _ _ _ the 

synapse. Calcium entry allows synaptic _ _ _ _ to fuse with the 

_ _ _ _  in a process called _ _ _ _.

3. Following are statements about exocytosis. Which 

statements are true?

• Exocytosis can be both calcium-independent and 

dependent.

• Exocytosis is not the same as the fusion of a synaptic 

vesicle.

• Exocytosis only happens in synapses.

• Exocytosis only requires energy.

4. What are the names of the scientists who discovered 

neurotransmission and coined the term synapses?

5. List the three main functions of exocytosis.

6. Create a comic strip of a molecule of a synaptic vesicle 

trying to go outside a cell. What kind of proteins might this 

synaptic vesicle meet?
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Activities

Voltage 

Calcium 

Enters 

Vesicle 

Membrane 

Exocytosis

Critical Thinking

Creativity
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• Get a quick reminder of active transport and exocytosis with 

Crash Course biology a: https://www.youtube.com/watch 

?v=dPKvHrD1eS4

• Read more about different types of exocytosis in cells: 

https://www.thoughtco.com/what-is-exocytosis-4114427

• Want to know more about what SNAREs are? Why are they 

called this? Check outhttps://pdb101.rcsb.org/motm/167 and 

https://www.youtube.com/watch?v=I145qaWjg1c

• Bonnycastle, K., Davenport, E.C. and Cousin, M.A. (2020). 

Presynaptic dysfunction in neurodevelopmental disorders: 

Insights from the synaptic vesicle life cycle. Journal of 

Neurochemistry. doi:10.1111/jnc.15035.

• Lodish, H.F. (2016). Molecular Cell Biology. 8th ed. New 

York: W.H. Freeman-Macmillan Learning.

• BioRender: http://biorender.com

• https://pubmed.ncbi.nlm.nih.gov/32378740/

• Newman, E.A., Araque, A., Dubinsky, J.M., Swanson, L.W., 

King, L.S. and Himmel, E. (2017). The beautiful brain : the 

drawings of Santiago Ramón y Cajal. New York: Abrams.

• Flickr: http://flickr.com
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Entering cells

Active transport, Endocytosis, Neurotransmission, and 

Neuron connections (Biology)

By completing this resource, you will be able to: 

✓ Able to relate endocytosis to neurotransmission.

✓ Name different pathways of endocytosis at synapses.

✓ Explain the role of endocytosis at synapses. 

1. Read the data source

2. Complete the activities

3. Explore the further reading

4. Move on to Resource Five
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Endocytosis is the opposite of exocytosis. The term ‘endo-’ 

means ‘into’, so in endocytosis, materials are transported into 

the cell from the outside. Endocytosis also requires energy and 

is important for transporting nutrients and water into the cell.

In endocytosis, the material that needs to come inside the cell 

becomes surrounded by an area of the plasma membrane. The 

area of the plasma membrane that surrounds the material 

breaks off from the rest of the plasma membrane, usually into 

small vesicles. These vesicles then enter the cell.

Endocytosis has other functions in the cell apart from nutrient 

uptake. Some pathogens like viruses (like Coronavirus) often 

hijack endocytosis to enter human cells to attack them.

In neurons, endocytosis is required for neurotransmission.

As mentioned in Resources Two and Three, in exocytosis,

synaptic vesicles fuse with the plasma membrane and become 

part of the plasma membrane of the presynaptic terminal. In this 

case, as synaptic vesicles merge with the plasma membrane, it 

increases the area of the plasma membrane in the presynaptic 

terminal.

Section A

What is 

endocytosis?

Figure 13: 

Endocytosis

Section B

Endocytosis at 

synapses

Active Reading
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The size of the synapses is measured in nanometres. A

nanometre is a billionth of a metre. If a nanometre were as big

as a doughnut, a metre would be as big as Great Britain!

If you have a doughnut and someone adds another mini

doughnut, it will change its shape (which might make it better)!

Section B

Figure 14: What is a 

nanometre?

Endocytosis at 

synapses

Figure 15: 

Doughnuts and 

synapses

Source Analysis
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But, in synapses, the addition of synaptic vesicles to the plasma 

membrane will change its shape, disrupting synapse structure 

and neurotransmission. To prevent this, synaptic vesicles are 

reformed from the plasma membrane in the process of 

endocytosis during neurotransmission. As synaptic vesicles fuse 

and release neurotransmitters, they are also taken back up by 

the presynaptic terminal by endocytosis. This ensures that the 

synapse structure does not change.

Now that we have covered the importance of endocytosis in 

synapses – let’s jump into the different types of endocytosis.

Many different types of endocytosis. The mechanisms of all 

these different types are the same, where an area of the plasma 

membrane breaks off from the rest of the plasma membrane and 

forms vesicles. Or does it? 

It’s important to note that vesicles are not always formed during 

this process. Sometimes large chunks of the membrane are 

taken up, forming large structures called endosomes.

This happens in all our cells in the body, not just neurons. 

However, in neurons, the story is more complex and more 

interesting.

Section B

Figure 16: 

Importance of 

endocytosis

Section C

Types of 

endocytosis

Active Reading

Source Analysis



Resource Four

Data Source

Physiological Society  |  AccessEd Research-Based Curricula 38

Roll Camera Action: Synapses Take on Communication  |  

Key Stage 5  |  Biology

In neurons, there are two major endocytosis pathways. There is 

1) clathrin-mediated endocytosis (CME) and 2) activity-

dependent bulk endocytosis (ADBE). Clathrin-mediated 

endocytosis put means this endocytosis relies on a protein 

called clathrin, which forms like a hexagonal ball (Figure 17). 

Only single vesicles are made directly from the plasma 

membrane in this pathway. However, in activity-dependent bulk 

endocytosis, large chunks of the plasma membrane are taken 

into the cell, forming endosomes.

Clathrin surrounds a section of the membrane from the inside of 

the cell to form a synaptic vesicle. Clathrin forms a hexagonal 

shaped cage around the vesicle. This hexagonal cage literally 

pushes a section of the membrane inside the cage, forming a 

round vesicle. This helps the vesicle to break off from the 

plasma membrane. The shape of clathrin is important as any 

other shape cannot surround the vesicle properly. 

Once the clathrin-surrounded vesicle is inside the cell, the 

clathrin (after a well-done job) comes off the vesicle, ready for 

the next one. The vesicle is then free to take part in 

neurotransmission.

Section C

Figure 17: Clathrin 

hexagonal ball

Figure 18: How 

clathrin makes 

vesicles?
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Did you know that ‘limbs going to sleep’ is an actual condition 

that occurs in fruit flies? 'Limbs going to sleep’ is the translation 

for the Japanese word ‘Shibire’. Shibire is a very unusual 

condition which causes a mutation in a gene that makes a 

protein called dynamin. Dynamin plays an important role during 

clathrin-mediated endocytosis.

In flies that have the shibire mutation, dynamin works at room 

temperature. Dynamin stops working when temperatures 

increase to 29oC. When dynamin stops working, flies 

immediately become paralysed and drop to the ground as they 

no longer fly. However, once the temperature decreases back to 

room temperature, dynamin works, and flies usually behave.

Shibire was a significant discovery for scientists. By finding this 

mutation, scientists could finally understand how dynamin 

works. It is now understood that dynamin helps clathrin break off 

vesicles from the plasma membrane. Without dynamin, vesicles 

cannot be removed. In shibire, as dynamin does not work in flies 

at temperatures above room temperature, neurotransmission 

between the brain and muscles cannot happen. As a result, flies 

cannot move and become paralysed.

In humans, problems with dynamin have been linked to 

conditions such as childhood epilepsy and Charcot-Marie-Tooth 

disease. Both conditions have devastating effects on the 

people. Therefore, the discovery of shibire remains important. All 

over the world, scientists use shibire flies to understand how 

dynamin and the brain work. This is used to find treatments for 

the abovementioned human conditions.

OUTBOX

Limbs going to 

sleep

Figure 19: 

Drosophila fly

Active Reading

Source Analysis
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1. List the three main functions of endocytosis.

2. In one sentence, explain the difference between endocytosis 

and exocytosis.

3. What are the two pathways of endocytosis in neurons?

4. Why is endocytosis essential in neurons?

5. What is a clathrin coat?

6. Describe the sequence of events occurring when calcium 

enters the synapses during neurotransmission. 

Tip: Include keywords, endocytosis, exocytosis, SNARE 

proteins, neurotransmission, and synaptotagmin.

7. Can you predict what happens if a clathrin coat loses shape?

Tip: Imagine that instead of hexagonal, clathrin becomes a 

rectangle.

Activities

Problem Solving

Critical Thinking
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• Read ‘how vesicles transport cargo’ a:  

https://learn.genetics.utah.edu/content/cells/vesicles/

• Watch how clathrin ball looks under scope a:  

https://www.youtube.com/watch?v=sxXEllGyEVU

• Journey from neurotransmission to endocytosi:  

https://www.youtube.com/watch?v=jQJAiPuqt4Q

• Kaksonen, M. and Roux, A. (2018). Mechanisms of clathrin-

mediated endocytosis. Nature Reviews Molecular Cell 

Biology, 19(5), pp.313–326. doi:10.1038/nrm.2017.132.

• Chanaday, N.L., Cousin, M.A., Milosevic, I., Watanabe, S. 

and Morgan, J.R. (2019). The Synaptic Vesicle Cycle 

Revisited: New Insights into the Modes and Mechanisms. The 

Journal of Neuroscience, 39(42), pp.8209–8216. 

doi:10.1523/jneurosci.1158-19.2019.

• BioRender: http://biorender.com

• https://www.pexels.com/

• WOCinTech Chat | Flickr

• Newman, E.A., Araque, A., Dubinsky, J.M., Swanson, L.W., 

King, L.S. and Himmel, E. (2017). The beautiful brain : the 

drawings of Santiago Ramón y Cajal. New York: Abrams.
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Bulk transport

Active transport, and Endocytosis (Biology)

By completing this resource, you will be able to: 

✓ Describe activity-dependent bulk endocytosis.

✓ Distinguish between different endocytosis pathways.

✓ Relate the role of clathrin to both ADBE and CME. 

1. Read the data source

2. Complete the activities

3. Explore the further reading

4. Move on to Resource Six
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We will focus on activity-dependent bulk endocytosis or ADBE in 

this resource.

ADBE, as stated before, is a process of endocytosis. In ADBE, 

the presynaptic terminal takes up large areas of the membrane 

that form endosomes. Endosomes are like vesicles, They are 

made of fat that contains material but is much larger in size. 

They can be ten times the size of vesicles.

When electrical signals reach the presynaptic terminal, 

neurotransmission or the neuron’s firing happens. These 

electrical signals can be of different intensities. 

Differences in intensity affect the firing of the neuron. If an 

electrical signal is of very high intensity, neurons will fire very 

quickly, and the neuron will be highly active. In this case, many 

synaptic vesicles will fuse at the same time. 

If an electrical signal is not as intense, neurons might not fire 

quickly, and neurons will be less active. In this case, only a few 

synaptic vesicles will fuse simultaneously.

Section A

What is ADBE?

Figure 20: Activity-

dependent bulk 

endocytosis

Active Reading

Source Analysis
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When the electrical signal is very intense, and many vesicles 

fuse, the presynaptic terminal size increases quickly. Returning 

to our doughnut analogy (from Resource 4), if two or more mini 

doughnuts become attached to our doughnut, the doughnut’s 

size and shape will change quickly. If this happens to the 

presynaptic terminal, neurotransmission cannot occur properly.

With clathrin-mediated endocytosis, only a single vesicle is 

made. This is not quick enough to bring back the normal shape 

of the presynaptic terminal.

However, endosomes formed in ADBE can retake large areas of 

the plasma membrane. This can rapidly bring back the normal 

shape of the presynaptic terminal.

Therefore, ADBE is a form of endocytosis that only happens in 

neurons when neurons are highly active due to highly intense 

electrical signals.

Section A

Figure 21: Why is 

ADBE important?

Active Reading

Source Analysis
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ADBE happens when neurons are highly active and endosomes 

form. Nobody knows how exactly endosomes form from the 

plasma membrane. We know the proteins involved in the 

process, but how these different proteins act together to form 

endosomes is still an ongoing area of research. 

The presynaptic terminal needs smaller synaptic vesicles - not 

large endosomes. The endosomes formed cannot just sit in the 

presynaptic terminal. These endosomes also cannot be used 

during neurotransmission because they are too large and 

require a large amount of energy for a fusion to occur. Once 

endosomes form from the plasma membrane, they enter the 

presynaptic terminal. Then, synaptic vesicles are made from 

these endosomes. To produce a single synaptic vesicle, the 

neuron uses clathrin. Yes – this is the clathrin protein we 

encountered in Resource 3!

Clathrin - similar to what it does at the plasma membrane -

surrounds a section of the endosome membrane. Once 

surrounded, clathrin pushes the membrane into its 3D 

hexagonal-shaped cage and separates the vesicle from the 

endosome membrane. Once clathrin comes off the vesicle, the 

synaptic vesicle is filled with neurotransmitters and used again.

Section B

The process of 

ADBE

Figure 22: How 

clathrin makes 

vesicles? 
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Compared to CME, little is known about ADBE. Many questions 

remain, such as how endosomes are formed in ADBE. The 

research in ADBE to find answers to these questions is ongoing. 

Many neurological conditions are also linked to disrupted 

proteins involved in ADBE. Some neurological conditions occur 

at birth and do not even have an existing name.

One example of such a condition is Baker-Gordon Syndrome. 

This syndrome was only discovered and named in 2015. 

It affects how the baby develops. The syndrome leads to low 

muscle tone, developmental delay, seizures, and abnormalities 

in eyes and speech.

Before patients developing these symptoms were able to get a 

diagnosis from the doctor, scientists at the University of 

Cambridge and the University of Edinburgh tried to understand 

this phenomenon. 

The researchers found that patients with Baker-Gordon 

Syndrome had problems with their synaptotagmin protein. This 

protein is a calcium sensor involved in exocytosis and 

endocytosis. With that said, the exact role of synaptotagmin in 

endocytosis is still an ongoing research topic.

The researchers also found that problems in synaptotagmin 

prevented proper neurotransmission and vesicle recycling, 

which resulted in a wide range of difficulties in patients’ brain 

functioning. 

Since the condition was discovered, many patients with the 

same condition have been identified.

OUTBOX

ADBE and 

conditions

Active Reading

Source Analysis



Resource Five

Data Source

Physiological Society  |  AccessEd Research-Based Curricula 47

Roll Camera Action: Synapses Take on Communication  |  

Key Stage 5  |  Biology

A specific experiment to study ADBE involves the uptake of a 

coloured dye called dextran. Dextran dye molecules are too big 

to enter synaptic vesicles formed in CME. However, dextran can 

enter large endosomes formed in ADBE. That’s why the uptake

of dextran dye into large endosomes is used to study ADBE.

Dextran dye can be visualised under a high-magnification 

microscope.

The number of dextran dots seen under a microscope matches 

the number of endosomes formed at synapses. If ADBE is 

blocked, the number of dextran dots decreases. On the other 

hand, if ADBE is active, the number of dextran dots increases.

Section C

Studying ADBE

Figure 23: Dextran 

to study ADBE

Figure 24: Dextran 

dye seen under a 

microscope

Active Reading

Source Analysis
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1. List three differences and similarities between activity-

dependent bulk endocytosis (ADBE) and clathrin-mediated 

endocytosis (CME).

2. ADBE is activity-dependent bulk endocytosis. What does 

‘activity-dependent’ mean?

3. Does ADBE only happen in neurons?

4. When are synaptic vesicles formed in ADBE?

5. ADBE is like CME. Is this statement true or false?

6. Discuss the implications of multiple endocytosis pathways in 

neurons. 

Tip: Think about the advantages/ disadvantages.

7. An experiment was done with a control that does not affect 

ADBE and drug B. We do not know the effect of drug B on 

ADBE. The results from the experiment are shown below. 

Using what you’ve learnt in Resource 5, describe and 

explain the impact of drug B on ADBE.

Activities

Data Analysis

Problem Solving

Critical Thinking
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• Dr Sarah Gordon shares her discovery of Baker-Gordon 

syndrome: https://www.youtube.com/watch?v=ajHQCYyJNEk

• Learn from expert Danial Colon-Ramos about using worms to 

study synapse:  https://www.youtube.com/watch?v=7ldrRL 

h36rY

• Read more about brain cells: https://learn.genetics.utah.edu/ 

content/neuroscience/braincells/

• Chanaday, N.L., Cousin, M.A., Milosevic, I., Watanabe, S. 

and Morgan, J.R. (2019). The Synaptic Vesicle Cycle 

Revisited: New Insights into the Modes and Mechanisms. The 

Journal of Neuroscience, 39(42), pp.8209–8216. 

doi:10.1523/jneurosci.1158-19.2019.

• Cheung, G., Jupp, O.J. and Cousin, M.A. (2010). Activity-

Dependent Bulk Endocytosis and Clathrin-Dependent 

Endocytosis Replenish Specific Synaptic Vesicle Pools in 

Central Nerve Terminals. Journal of Neuroscience, 30(24), 

pp.8151–8161. doi:10.1523/jneurosci.0293-10.2010.

• BioRender: http://biorender.com

• Newman, E.A., Araque, A., Dubinsky, J.M., Swanson, L.W., 

King, L.S. and Himmel, E. (2017). The beautiful brain: The 

drawings of Santiago Ramón y Cajal. New York: Abrams.
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Overview

How scientists study synapses

Antibodies, Tissue cultures, and Practical skills (Biology)

By completing this resource, you will be able to: 

✓ Describe how neurons grow artificially.

✓ Describe experimental techniques scientists are currently 

using.

✓ Relate scientific techniques to synapses and 

neurotransmission.

1. Read the data source

2. Complete the activities

3. Explore the further reading

4. Move on to the Final Reflection Activity
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All the information and facts in this coursebook have come from 

scientific studies. Neurons and synapses cannot be directly 

studied in human bodies. However, it is possible to take cells 

like neurons from the body and grow them in an artificial 

environment outside the body. 

The artificial environment replicates the environment cells 

experience in living bodies, such as ideal nutrients, temperature, 

humidity and pH. Cells can be obtained directly from tissue or 

organism (plant or animal). Studies that use cells artificially are 

called in vitro studies, which translates into in glass or ‘test-tube’ 

experiments.

When cells are obtained directly from an organism (plant or 

animal) or tissue, they are referred to as primary culture. Primary 

cells can only multiply a limited number of times before they die. 

In primary cultures, cells multiply and grow until they use up all 

available nutrients reaching a stage called confluency. At this 

stage, cells are subcultured, meaning some cells are transferred 

into a new artificial vessel.

Section A

What is cell culture?

Figure 25: Artificial 

cell culturing
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Scientists have also developed immortalised cell cultures. As 

immortalised means ‘living forever’, these cells can multiply 

infinite times and are also called secondary cell cultures. The 

most well-known immortalised cell cultures are known as HeLa 

cells. HeLa cells were obtained from cervical cancer cells from a 

woman named Henrietta Lacks.

Section A

Figure 26: Cell 

culturing

Source Analysis
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Henrietta Lacks - an African-American woman - was 

hospitalised for malignant cervical cancer in the 1950s. During 

her treatment, samples were taken from her cancer and sent to 

a scientist, George Otto Gey, without her consent. 

Gey noticed these cells were unusual as they could stay alive to 

study for long periods in an artificial system. Soon Gey 

successfully generated an immortalised cell culture using cells 

from Lacks. This immortalised cell culture was named HeLa cell 

line. 

The HeLa cell line is the oldest cell line used in several 

breakthrough medical research. The first polio vaccine by Jonas 

Salk was mass-produced in HeLa cells.

Eventually, HeLa cells were being used worldwide for all types 

of research, such as cancer. However, during all these scientific 

advances, Lacks passed away due to her cancer, and her family 

were completely unaware of the existence of HeLa cells. 

By the 1970s, her family - confused by the requests for blood 

tests from researchers studying HeLa cells – finally became 

aware of HeLa cells. By then, some of the medical records of 

Lacks had even been made publicly available for research. 

Since then, Lacks and her family have received several 

recognition awards for her contribution to scientific research, 

including the Congressional Gold Medal - the most prestigious 

award given in the US.

OUTBOX

Who was              

Henrietta Lacks?

Figure 27: Henrietta 

Lacks

Image from Collection 

of the Smithsonian 

National Portrait 

Gallery and National 

Museum of African 

American History & 

Culture
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Unlike other primary cell cultures, neurons cannot multiply more 

than once. Once grown artificially, neurons can stay alive only 

for a while until they start dying. Therefore, neurons have to be 

obtained directly from organisms continuously to study them in 

vitro. The organisms we use to study brain are often animals like 

rodents (mice or rats). Animals are often sacrificed to obtain 

brain tissue.

In the UK, under the Animal Scientific Procedures act 1986, the 

use of animals in research is heavily regulated. Under this act, 

researchers must be highly trained and supervised to use 

animals, ensuring they limit the pain and suffering of animals 

being used and sacrificed. The UK government has oversight of 

and regulates projects involving animals.

Section B

Neurons in a dish

Figure 28: Growing 

neurons artificially
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In my research, I use neurons taken from mice brains. I focus on 

a specific region in the brain called the hippocampus. The 

hippocampus is a part of the brain involved in storing memories. 

Once neurons are grown in artificial systems, researchers can 

use these to do experiments such as to label specific parts of 

neurons like synapses or to study neurons or synapse 

structures.

One of the experiments to do with in vitro grown neurons is 

labelling parts of the neuron-like synapses.

Fluorescent staining is a method to stain cells using a 

fluorescent molecule that absorbs light (often ultraviolet light) 

invisible to human eyes and emits another light visible to human 

eyes. The emitted light can be seen under a microscope. 

Several fluorescent molecules have been built, emitting colours 

like blue, green, red, orange, and yellow.

The first ever fluorescent molecule made was green fluorescent 

protein or GFP by a Japanese scientist, Roger Tsein. GFP is still 

the most used fluorescent molecule to date.

Section B

Section C

Fluorescent staining

Figure 29: San Diego 

beach drawn of 

bacterial colonies 

expressing 

fluorescent proteins. 

Artwork by Nathan 

Shaner, photo by Paul 

Steinbach, created in 

the lab of Roger Tsien 

in 2006.
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Immunostaining involves a protein called an antibody linked to 

the fluorescent molecule. The antibody can be made to bind and 

detect only a specific protein. This way, scientists can see the 

proteins they are interested in under the microscope or label 

areas inside the cell where a specific protein is found. For 

example, an antibody can be made specifically to detect 

proteins at a synapse. This way, synapses can be seen under 

the microscope.

In the images below (Figures 30, 31), an antibody is linked to a 

fluorescent molecule that emits green light. This antibody linked 

to the fluorescent molecule binds another antibody which 

detects a specific protein called SV2A at synapses. 

Fluorescence is then seen using a microscope (Figure 31).

Section D

Staining neurons

Figure 30: Method of 

immunostaining

Figure 31: SV2A 

immunostaining 

under a microscope

Active Reading
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1. Answer questions a. and b. by selecting the correct option 

from the table below: 

A. What is the cell culture obtained directly from animals?

B. Name the ethical framework set up in the UK for using 

animals in research.

2. Research that uses cell culture is called in vivo research. Is 

this statement true or false?

3. HeLa cells were obtained, grown and even distributed 

worldwide without the consent of Henrietta Lacks by her 

doctors and researchers. This would not happen today. 

Imagine you had a chance to ask Lacks for her consent. 

Make a brochure describing/ explaining to Lacks about using 

her cells in research.

4. Scientist M is against the use of animals in their research. 

Do you agree or disagree with scientist M? Give reasons for 

your answer.

5. Figure 31 shows an image of immunostaining under the 

microscope. The image is 100 micrometres (1 thousandth of 

mm) and has been magnified by a factor of x40. What is the 

actual size of the image?

Activities

Creativity

Problem Solving

Source Analysis

A First Secondary Primary second

B
Animals Right 

Policy 1986

Animal 

Scientific 

Procedures 

Act 1986

Animal ethics 

policy 1984

Animal 

Scientific 

Procedures 

Act 1988
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• Mesmerise yourself with pictures of fluorescently labelled  

cells and molecules: https://www.cell.com/pictureshow

• Want to grow your own cell culture like a real scientist? Then 

become a real scientist: https://dishlife.org/

• More about use of animals in research: https://www.genome. 

gov/genetics-glossary/Animal-Model

• NobelPrize.org. (n.d.). The Nobel Prize in Chemistry 2008. 

[online] Available: https://www.nobelprize.org/prizes/

chemistry/2008/tsien/biographical/ 

• Cressey, D. (n.d.). Roger Tsien’s legacy: The creations that lit 

up biology. Nature News. [online] 

doi:10.1038/nature.2016.20532.

• www.thermofisher.com. (n.d.). Cell Culture | Tissue Culture -

US. [online] Available: https://www.thermofisher.com/uk/en/ 

home/life-science/cell-culture.html

• https://www.nature.com/articles/nature.2016.20532. 

• BioRender: http://biorender.com

• https://nmaahc.si.edu/about/news/national-portrait-gallery-

presents-portrait-henrietta-lacks-co-acquisition-national

• Newman, E.A., Araque, A., Dubinsky, J.M., Swanson, L.W., 

King, L.S. and Himmel, E. (2017). The beautiful brain : the 

drawings of Santiago Ramón y Cajal. New York: Abrams.
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Final Reflection Activity

Further Guidance

Imagine you are part of a clinical research group that discovered protein M involved in 

neurotransmission at synapses. You need to find out at which stage of neurotransmission 

protein M is involved. Suppose protein M stops working properly.

Part 1

Discuss how improperly working protein M will affect the neurotransmission if protein M 

was the following:

A. If protein M was a calcium channel.

B. If protein M was a clathrin protein.

C. If protein M was involved in the fusion of vesicles.

D. If protein M was involved in ADBE but not CME.

For each question in Part 1, write at most 1 paragraph or 5-6 bullet points. Include 

drawings, where applicable.

Part 2

Using answers from Part 1d, explain how you can experimentally determine whether 

protein M is involved in ADBE. For this, start by explaining the stage of growing in vitro 

neurons and the use of dextran dye. 

For Part 2, write at most 1 page. Include drawings and information that you learnt from 

additional resources, where applicable. 

Tip: You can structure your answer using the guidelines below: 

• What experimental techniques will you use?

• Describe these experimental techniques?

• Why will you use these experimental techniques?

Physiological Society  |  AccessEd Research-Based Curricula 59

Roll Camera Action: Synapses Take on Communication  |  

Key Stage 5  |  Biology



Journal Articles

Books

Image Sources

Reference List

Physiological Society  |  AccessEd Research-Based Curricula 60

Roll Camera Action: Synapses Take on Communication  |  

Key Stage 5  |  Biology

• Chanaday, N.L., Cousin, M.A., Milosevic, I., Watanabe, S.

and Morgan, J.R. (2019). The Synaptic Vesicle Cycle

Revisited: New Insights into the Modes and Mechanisms. The

Journal of Neuroscience, 39(42), pp.8209–8216.

doi:10.1523/jneurosci.1158-19.2019.

• Cheung, G., Jupp, O.J. and Cousin, M.A. (2010). Activity-

Dependent Bulk Endocytosis and Clathrin-Dependent

Endocytosis Replenish Specific Synaptic Vesicle Pools in

Central Nerve Terminals. Journal of Neuroscience, 30(24),

pp.8151–8161. doi:10.1523/jneurosci.0293-10.2010.

• Kaksonen, M. and Roux, A. (2018). Mechanisms of clathrin-

mediated endocytosis. Nature Reviews Molecular Cell

Biology, 19(5), pp.313–326. doi:10.1038/nrm.2017.132.

• Kang, H.W., Kim, H.K., Moon, B.H., Lee, S.J., Lee, S.J. and

Rhyu, I.J. (2017). Comprehensive Review of Golgi Staining

Methods for Nervous Tissue. Applied Microscopy, [online]

47(2), pp.63–69. doi:10.9729/am.2017.47.2.63.

• Lodish, H.F. (2016). Molecular Cell Biology. 8th ed. New

York: W.H. Freeman-Macmillan Learning.

• Purves, D. (2012). Neuroscience. Sunderland, Ma: Sinauer

Associates.

• Stuart Ira Fox (2013). Human physiology. New York, Ny:

Mcgraw-Hill.

• Newman, E.A., Araque, A., Dubinsky, J.M., Swanson, L.W., 

King, L.S. and Himmel, E. (2017). The beautiful brain : the 

drawings of Santiago Ramón y Cajal. New York: Abrams.

• Bonnycastle, K., Davenport, E.C. and Cousin, M.A. (2020). 

Presynaptic dysfunction in neurodevelopmental disorders: 

Insights from the synaptic vesicle life cycle. Journal of 

Neurochemistry. doi:10.1111/jnc.15035.



More Subject Resources

A Deeper Look into Synapses

Physiological Society  |  AccessEd Research-Based Curricula 61

Roll Camera Action: Synapses Take on Communication  |  

Key Stage 5  |  Biology

• Read more about the world of neurotransmitters, different 

types, different roles and function:  

https://www.dana.org/article/neurotransmitters/

• Stay up-to-date with the world of science with articles from: 

https://www.the-scientist.com/

• Learn from the expert Erik Jorgensen about Ultrafast 

endocytosis: https://www.youtube.com/watch?v=zNcEwhL--

Dg

• Don’t have enough time to watch science videos? Get a quick 

bout of science: https://www.youtube.com/watch?v=qPix_X-

9t7E&list=PLOA0aRJ90NxuIgOC9YGRUT4Y-CsP12bsS

• Ever wondered what it is like to be a women scientist? Listen 

to journeys of several scientists at podcast Her Stem Story.

• Listen to links between neuroscience and AI robotics with: 

Waking Up with Sam Harris

• Filled with curiosity about science in general? Pick your 

favourite podcast from: https://mashable.com/article/best-

science-podcasts

• Want to know what a science lab looks like? Explore 

interactive lab: https://www.labxchange.org/explor

• Explore animations: https://learn.genetics.utah.edu/ to learn 

different processes in the cell

• Test your science knowledge:  

https://spolem.co.uk/quizzes/as-level-interactive-quizzes

Read

Watch

Listen

Do

https://www.dana.org/article/neurotransmitters/
https://www.the-scientist.com/
https://www.youtube.com/watch?v=zNcEwhL--Dg
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Helpful information you will find in this section:

1. Cornell Notes

2. Academic Terminology (keywords)

3. Academic Writing Style

4. Referencing

5. How to Evaluate Your Sources

6. Subject Guidance

7. University Guidance

You can use the tips and web links in this section throughout your pack!

This section includes helpful tips to help you complete this pack and

improve your study skills for school.

It also includes a few fantastic, easy-to-use resources to know what to do 

next and where else you can look for more information on the subject. 
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Why is good note-taking important?

If you forget new information almost as quickly as you hear it, even if you write it down, 

you tend to lose nearly 40% of new information within 24 hours of first reading or hearing 

it. 

However, if we take notes effectively, we can retain and retrieve almost 100% of the 

information we receive. Consider this graph on the rate of forgetting with study/ repetition:

Learning a new system

The Cornell Note System was developed in the 1950s at the University of Cornell in the 

USA. The system includes interacting with your notes and is suitable for all subjects. 

There are three steps to the Cornell Note System. 

Academic Study Skills

Cornell Notes
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Repetition: the act of 

repeating an interaction 

with the material/ notes

Repetition 

increases 

retention

Retention: the act of 

absorbing, and continuing 

to keep information

Drop in 

retention after 

18 minutes

Step 1: Note-Taking

1. Create Format: Notes are set up in the Cornell Way. 

This means creating three boxes like the ones on the 

left.  You should put your name, date, and topic at the 

top of the page. 

2. Write and Organise: You then take your notes in the 

‘note taking’ area on the right side of the page. It would 

be best if you organised these notes by keeping a line 

or a space between ‘chunks’/ main ideas of 

information. You can also use bullet points for lists of 

information to help organise your notes.
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Step 2: Note-Making

1. Revise and Edit Notes: Go back to box 1, the note-taking area and spend some time 

revising and editing. You can do this by highlighting ‘chunks’ of information with a 

number or a colour; circling all keywords in a different colour; highlighting main ideas; 

adding new information in another colour.

2. Note Key Idea: Go to box two on the left-hand side of the page and develop some 

questions about the main ideas in your notes. The questions should be ‘high level’. 

This means they should encourage you to think deeper about the ideas. Example ‘high 

level’ questions would be:

• Which is the most important/ significant reason for…

• To what extent…

• How does the (data/ text/ ideas) support the viewpoint?

• How do we know that…

Here is an example of steps 1 and 2 for notes on the story of Cinderella

Step 3: Note-Interacting

1. Summary: Go to box three at the bottom of the page, summarise the main ideas in 

box one, and answer the essential questions in box 2. 

Academic Study Skills

Cornell Notes
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Below is a series of key terms you will come across from teachers and tutors as 

you go through school, especially as you enter upper secondary.

Knowing these will help you understand what you are being asked to do!

• Analyse: When you analyse something, consider it carefully and in detail to 

understand and explain it. To analyse, identify the main parts or ideas of a subject and 

examine or interpret the connections between them.

• Comment on: When you comment on a subject or the ideas in a subject, you say 

something that gives your opinion or an explanation.

• Compare: To compare things means to point out their differences or similarities. A 

comparison essay would involve examining the qualities/ characteristics of a subject 

and emphasising the similarities and differences. 

• Contrast: When you contrast two subjects, you show how they differ when compared 

with each other. A contrast essay should emphasise striking differences between two 

elements. 

• Compare and contrast: To write a compare and contrast essay, you would examine 

the similarities and differences between two subjects. 

• Criticise: When you criticise, you make judgments about a subject after thinking about 

it carefully and deeply. Express your judgement concerning the correctness or merit of 

the factors under consideration. Give the results of your analysis and discuss the 

limitations and contributions of the factors in question. Support your judgement with 

evidence. 

• Define: When you define something, you show, describe, or state clearly what it is and 

what it is like; you can also say its limits. Do not include details but do include what 

distinguishes it from the other related things, sometimes by giving examples. 

• Describe: To describe in an essay requires you to give a detailed account of a 

subject's characteristics, properties or qualities.

• Discuss: To discuss in an essay, consider your subject from different points of view. 

Examine, analyse and present considerations for and against the problem or statement.

Academic Study Skills

Key Words
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• Evaluate: When you evaluate in an essay, decide on your subject’s significance, value, 

or quality after carefully studying its good and bad features. Similar to assess. Use 

authoritative (e.g. from established authors or theorists in the field) and, to some extent, 

personal appraisal of both contributions and limitations of the subject.

• Illustrate: If asked to illustrate in an essay, explain the points that you are making 

clearly by using examples, diagrams, statistics, etc.

• Interpret: In an essay that requires you to interpret, you should translate, solve, give 

examples, or comment upon the subject and evaluate it in terms of your judgement or 

reaction. Explain what your subject means. Similar to explain.

• Justify: When asked to justify a statement in an essay, you should provide the reasons 

and grounds for the conclusions you draw from the statement. Present your evidence in 

a form that will convince your reader.

• Outline: Outlining requires that you explain ideas, plans, or theories in a general way, 

without giving all the details. Organise and systematically describe the main points or 

general principles. Use essential supplementary material, but omit minor details. 

• Prove: When proving a statement, experiment or theory in an essay, you must confirm 

or verify it. You must evaluate the material and present experimental evidence and/ or 

logical argument.

• Relate: To relate two things, you should state or claim the connection or link between 

them. Show the relationship by emphasising these connections and associations.

• Review: When you review, critically examine, analyse and comment on the major 

points of a subject in an organised manner.

Write any other keywords you come across below. Ask your teacher to explain their 

meaning or use a dictionary to find out.

Academic Study Skills

Key Words
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What is academic writing?

‘Academic writing’ is a specific way of writing when communicating research or 

discussing a point of view.  You will most often do this in essays and reports. 

Academic writing has a logical structure and uses formal language.  Unlike creative or 

narrative writing, academic writing uses different sources of information to support what is 

being said (see next page about various sources).

Top Academic Writing Tips

Do’s

• Do use words you know the meaning of and are confident using.

• Remember, words don’t have to be complicated to be clear!

• Do write words out fully, e.g., do not, cannot, does not, it would. 

• Use the third person point of view

• Minimise the use of informal adjectives, such as cool, amazing and wonderful.

Don’ts

• Do not use contractions, e.g., don’t, can’t, doesn’t, it’d.

• Do not use public speaking phrases like “We can all agree that…” and “As I previously 

mentioned…”.

• Do not use conversational phrases, such as ‘literally’ or ‘basically’ too often.

• Do not use slang or jargon, for example, ‘awks’, ‘lit’, ‘woke’.

• Do not use words that express value judgements, e.g., crazy, ridiculous, terrible. 

Suitable synonyms are surprising, unjustified or distressing. 

Academic Study Skills

Academic Writing Style
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Expressing your opinion in academic writing

In academic writing, it is best practice to express an opinion without writing in the first 

person. 

Rather than saying, ‘In my opinion, this proves that you can express your opinion by 

saying:

• ‘Based on (insert fact/ theory/ finding) it shows that….’;

• ‘The graph here indicates that…’;

• ‘The aforementioned problems in Smith’s argument reveal that…’;

• ‘Such weaknesses ultimately mean that…’; and so on.

Signposting

Signposting guides your reader through different sections of your writing. It lets those who 

read your writing know what is being discussed and why and when your piece is shifting 

from one part to another. This is crucial for clear communication with your audience.

Academic Study Skills

Academic Writing Style
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Signposting stems for a paragraph 

which expands upon a previous idea

Signposting stems for a paragraph 

which offers a contrasting view

Building on from the idea that ... (mention 

the previous idea), this section illustrates 

that ... (introduce your new idea).

However, another angle on this debate 

suggests that ... (introduce your 

contrasting idea)

To further understand the role of ...(your 

topic or your previous idea), this section 

explores the idea that ... (introduce your 

new idea)

In contrast to evidence which presents the 

view that ... (mention your previous idea), 

an alternative perspective illustrates that 

...

Another line of thought on ... (your topic or 

your previous idea) demonstrates that ... 

However, not all research shows that ... 

(mention your previous idea). Some 

evidence agrees that ... 
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What is a reference or referencing?

A reference is just a note in your assignment that tells your reader where particular ideas, 

information or opinions that you have used from another source have come from. It can be 

done through ‘citations’ or a ‘bibliography’. 

You must include references in your writing assignments when you get to university. As 

well as being academic good practice, referencing is very important because it will help 

you to avoid plagiarism. 

Plagiarism is when you take someone else’s work or ideas and pass them off as your 

own. Whether plagiarism is deliberate or accidental, the consequences can be severe. 

You must be careful to reference your sources correctly. 

Why should I reference?

Referencing is essential in your work for the following reasons:

• It gives credit to the authors of any sources you have referred to or been influenced by.

• It supports the arguments you make in your assignments.

• It demonstrates the variety of sources you have used.

• It helps prevent you from losing marks or failing due to plagiarism.

When should I use a reference?

• You should use a reference when you:

• Quote directly from another source.

• Summarise or rephrase another piece of work.

• Include a specific statistic or fact from a source.

Academic Study Skills

Referencing
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How do I reference?

There are several different ways of referencing, but most universities use the Harvard 

Referencing Style. Please speak with your teacher about which style they want you to use 

because the most important thing is that you remain consistent! 

The two main aspects of referencing you need to be aware of are:

1. In-text citations

These are used when directly quoting a source. They are in the body of the work after you 

have referred to your source in your writing. They contain the surname of the source’s 

author and the year it was published in brackets. 

• E.g. Daisy describes her hopes for her infant daughter, stating, “I hope she’ll be a 

fool—that’s the best thing a girl can be in this world, a beautiful little 

fool.” (Fitzgerald, 2004).

2. Bibliography

This is a list of all the sources you have referenced in your assignment. In the 

bibliography, you list your references by the numbers you have used and include as much 

information as possible about the reference. The list below gives what should be included 

for different sources. 

• Websites: Author (if possible), title of the web page, ‘Available at:’ website address, 

[Accessed: date you accessed it]. 

• E.g. ‘How did so many soldiers survive the trenches?’, Available at: 

http://www.bbc.co.uk/guides/z3kgjxs#zg2dtfr [Accessed: 11 July 2019].

• Books: Author surname, author first initial,  (year published), title of book, publisher

• E.g. Dubner S. and Levitt, S., (2007) Freakonomics: A Rogue Economist Explores 

the Hidden Side of Everything, Penguin Books

• Articles: Author, ‘title of the article’, where the article comes from (newspaper, journal, 

etc.), date of the article.

• E.g.  Maev Kennedy, ‘The lights to go out across the UK to mark First World War’s 

centenary’, The Guardian Newspaper, 10 July 2014.

Academic Study Skills

Referencing
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Is it a source worth citing? Use these tips to question your sources before 

referencing them. 

• Currency – the timelines of the information: When was it published or posted? Has 

it been revised or updated? Does your topic require current information, or will older 

sources also work? 

• Relevancy – the importance of the information for your needs: Does the 

information relate to your topic or answer your question? Have you looked at a variety 

of sources? Who is the intended audience?

• Authority - the source of the information: Who is the author/ publisher/ source/ 

sponsor? What are the author’s credentials? Is the author qualified to write on the 

topic? 

• Accuracy – the reliability and correctness of the source: Does evidence support 

the information? Has the information been reviewed or refereed? Can you verify 

whether it is a personal or professional source? Are there errors?

• Purpose – the reason the information exists: Does the author clarify the intentions/ 

purpose? Is the information fact opinion or propaganda? Are there biases? Does the 

viewpoint appear objective?

Academic Study Skills

Referencing

Physiological Society    |  AccessEd Research-Based Curricula 71

Roll Camera Action: Synapses Take on Communication  |  

Key Stage 5  |  Biology



What is a source?

When you learn new things, you might get information from different places. These places 

are called sources. Some sources are more reliable than others. For example, information 

in a textbook written by an expert is more reliable than the information in a non-expert’s 

social media post.

How do you decide which source to use? From newspaper articles to books to tweets, this 

provides a brief description of each source type and breaks down the factors to consider 

when selecting a source.

Academic Study Skills

Evaluating Your Sources
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A collection of analytics 

reports that outline the 

objectives, background, 

methods, results and 

limitations of new research 

written for and by scholars in 

a niche field.

Journal

The information presented 

is supported by clearly 

identified sources. 

Sometimes each chapter 

has a different author.

Academic 

book

Books or online – giving 

information on many 

different subjects. Some are 

intended as an entry point 

into research; some provide 

detailed information and 

onwards references. 

Encyclopaedia

A glossy compilation of 

stories with unique themes 

intended for specific 

interests.

Popular 

magazine

A reporting and recording of 

cultural and political 

happenings that keeps the 

general public informed. 

Opinions and public 

commentaries can also be 

included.

A collection of millions of 

educational, inspirational, 

eye-opening and 

entertaining videos.

Youtube

Blogs (e.g. WordPress) 

are an avenue for sharing 

both developed and 

unpublished ideas and 

interests with a niche 

community.

Blog

A platform for millions of 

concise messages on a 

variety of topics.

Twitter Newspaper
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Number of outside sources 

When an author used many outside sources in their writing, they demonstrate familiarity 

with ideas beyond their own. As more unique viewpoints are pulled into a source, it 

becomes more comprehensive and reliable. This shows the typical number of outside 

sources used in each publication.

Degree of review before a source is published 

Two factors contribute to the amount of inspection a source receives before it might be 

published: the number of reviewers fact-checking the written ideas and the total time spent 

by reviewers as they fact-check. The more people involved in the review process and the 

longer the review process takes, the more credible the source is likely to be.

Academic Study Skills

Evaluating Your Sources
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0
<2

0

<5
<2

<5

<15

<30

<5

Number of sources cited

Twitter

Blog

Youtube

Newspaper

Popular 

magazine

Academic 

book

Online 

article

Journal

Encyclopaedia

Time in review

Number of reviewers 0 reviewers

seconds minutes minutes

1-2 reviewers

hours days days

3-4 reviewers

2-3 months 6-2 months 3-5 years

Roll Camera Action: Synapses Take on Communication  |  

Key Stage 5  |  Biology



Physiological Society    |  AccessEd Research-Based Curricula 74

Roll Camera Action: Synapses Take on Communication  |  

Key Stage 5  |  Biology

A degree in Sciences gives Students access to many career choices. Students who study 

sciences go on to pursue their Master’s degree in Science. However, a significant portion 

of them also start looking for jobs in the fields of Cancer Research, Stem Cell technology 

and other positions in this space.

What’s next? 

Sciences subject maps & jobs

Life coach

Sports & exercise 

psychology

Medicinal 

Chemist/ pharmacy 

Analytical 

chemist

Life Science

research

Scientist

Biotechnologist

Nanotechnologist

Forensic 

scientist

Nuclear

Engineer

Chemical

Engineer

Research 

scientist

Zoologist Microbiologist

Pharmacologist

Environmental 

engineer

Water quality 

scientist

Commercial 

horticulturist

Environmental 

consultant

Clinical psychologist

Health psychologist

Maths & 

engineering

SCIENCES

Biology

Chemistry

Biochemistry Psychology

Environmental 

sciences

Social

Science

Find out about Science-related careers here:

PROSPECTS: https://www.prospects.ac.uk

TARGET JOBS: https://targetjobs.co.uk

https://www.prospects.ac.uk/
https://targetjobs.co.uk/


Choosing a course and university 

Choosing the right course to study is important, so research the options available to you. 

Here are some top tips:

• You don’t have to choose a course you have already studied; many courses don’t 

require prior knowledge of the subject. You can apply skills gained from school studies 

to a new field. 

• The same subject can be taught differently depending on your chosen course and 

university. Search university websites to learn more about the course content, teaching 

styles and assessment types. 

• When choosing a university, think about what other factors are important to you. Do 

you want to study at a campus university or be based in a city center? What 

accommodation options are there? Does the university have facilities for any 

extracurricular activities you’re involved in? 

• To research your options, look at university prospectuses and websites and see if there 

are opportunities to speak to current students who can give you a real insight into what 

life is like there. 

What’s next? 

University Guidance
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Different people go to university for different reasons. You might have a particular 

job in mind or want to study a subject you are passionate about. 

Whatever your motivations, going to university can help improve your career 

prospects and develop your confidence, independence and academic skills.
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Exploring careers and subject options

• Find job descriptions, salaries and hours, routes into different careers, and more 

at https://www.startprofile.com/

• Research career and study choices, and see videos of those who have pursued 

various routes at http://www.careerpilot.org.uk/

• See videos about what it’s like to work in different jobs and for different organisations 

at https://www.careersbox.co.uk/

• Find out what different degrees could lead to, how to choose the right course for you, 

and how to apply for courses and student finance at https://www.prospects.ac.uk/

• Explore job descriptions and career options, and contact careers advisers 

at https://nationalcareersservice.direct.gov.uk/

• Discover which subjects and qualifications (not just A levels) lead to different degrees 

and what careers these degrees can lead to 

at http://www.russellgroup.ac.uk/media/5457/informed-choices-2016.pdf

Other useful resources

• https://www.ucas.com/

• https://www.whatuni.com/

• https://www.opendays.com/

• https://www.thecompleteuniversityguide.co.uk/

What’s next? 

University Guidance
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http://www.russellgroup.ac.uk/media/5457/informed-choices-2016.pdf
https://www.whatuni.com/
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UCAS and the university application process

All applications for UK degree programmes are made through UCAS. There is lots of 

information on the UCAS website to guide you through the process and what you need to 

do at each stage. 

Personal statements

An important part of your application is the personal statement. The personal statement 

allows you to tell universities why they should offer you a place. 

Here are a few top tips for making your personal statement stand out:  

• You can only submit one personal statement, so it’s important that you are consistent in 

your course choices. Make sure you have done your research to show your 

understanding of the subject area and your passion for it.  

What’s next? 

University Guidance
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Apply
• Applications open in September the year before you plan to start 

university. 

• You can apply for up to five courses. 

• The deadline for most courses is 25 January.

Decisions
• Some courses may require an interview, portfolio or admissions test in 

addition to a UCAS application. Check individual university website 

details. 

• Check UCAS Track which will be updated with decisions from the 

universities you have applied for, and to see your deadline for replying to 

any offers. 

• You should choose a firm (or first) choice university and an insurance 

choice. If you already have your exam results or a university thinks your 

application is particularly strong, you might receive an unconditional 

offer. 

Results
• If you're holding a conditional offer, then you will need to wait until you 

receive your exam results to have your place confirmed. 

• Clearing & Adjustment allows you to apply to courses which still have 

vacancies if you didn't meet the conditions of your offer, have changed 

your mind about what or where you want to study, or have met and 

exceeded the conditions of your offer and would like to look at alternate 

options. 
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http://www.ucas.com/undergraduate


Personal Statement (cont.)

• Start by brainstorming all your skills, experience and attributes. Once you have 

everything written down, you can begin to be selective – you only have 47 lines so 

won’t be able to include everything.

• The ABC method: action, benefit and course can be a useful way to help demonstrate 

your relevant experience and how it applies to the course you’re applying for.

Personal Statement do’s and don’ts

Read the tips below from real life professors and admissions staff in university Science 

departments, on the ‘do’s’ and ‘don’ts’ of what to include in your personal statement. 

Science

• Tell us why you want to study Science.

• What area of Science fascinates you? 

• Demonstrate your interest by telling us what you have recently read, watched or 

listened to and how they helped your understanding of Science.

• Describe how your school or individual work has equipped you with the necessary 

knowledge and ability to be a successful Science student. 

Other useful resources

• An easy template to start practising your personal statement: 

https://www.ucas.com/sites/default/files/ucas-personal-statement-worksheet.pdf

• Untangle UCAS terminology at https://www.ucas.com/corporate/about-us/who-we-

are/ucas-terms-explained

• Discover more about the application process including when to apply and how to fill in 

your application on the UCAS website. 

• Read more useful advice about what to include in your personal statement on UCAS, 

the Complete University Guide and The UniGuide. 

• Attend one of the Physiological Society  ’s virtual sessions to find out more about 

applying and personal statements. 

What’s next? 

University Guidance
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https://www.ucas.com/sites/default/files/ucas-personal-statement-worksheet.pdf
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https://www.ucas.com/undergraduate/applying-to-university
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https://www.thestudentroom.co.uk/university/personal-statements/writing-your-personal-statement
http://www.reading.ac.uk/virtual-events


Insight into the 

Physiological Society
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About us

As the largest network of physiologists in Europe, with academic journals of global reach,

The Physiological Society continues a 150-year tradition of being at the forefront of the life

sciences.

The Physiological Society supports the advancement of Physiology by promoting

collaboration between Physiologists worldwide, organising world-class conferences and

publishing the latest developments in their scientific journals.

Research in Physiology helps young people to understand how the body works in health,

what goes wrong in disease, and how the body responds to the challenges of everyday

life.

To find out more and join our community, visit physoc.org/join.

Follow us

YouTube @PhysocTV

Instagram @thephysoc

Twitter @ThePhySoc

Facebook @physoc

LinkedIn The Physiological Society

The Neurosparks Project

The Physiological Society funded the development of this resource pack as of the

Neurospark Project.

The Neurosparks Project produced four digital resource packs for Key Stage 5 students

that centre around the overarching theme of ‘Our Electric Bodies’.

Resource packs were written by PhD researchers, each incorporating six chapters of

research-inspired subject content, as well as university study skills materials, information

advice and guidance, and careers-linked motivational content, for young people.

Click here to download these curriculum-linked, interdisciplinary, and free resources for

under-served young people.

The front cover of this resource pack was designed by Dr Lizzie Burns (@DrLizzieBurns).

For more information, contact scienetolife@yahoo.co.uk.

https://www.physoc.org/join/
http://www.youtube.com/physoctv
https://www.instagram.com/thephysoc/
http://twitter.com/ThePhySoc
http://www.facebook.com/physoc
https://www.linkedin.com/company/the-physiological-society/
https://www.access-ed.ngo/rbc-coursebook-library
https://twitter.com/DrLizzieBurns


www.access-ed.ngo

@_AccessEd

hello@access-ed.ngo

Kemp House, 160 City Road

London, EC1V 2NX

AccessEd is a charity registered in 

England and Wales (#1186355)

www.researchbasedcurricula.com
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