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Links to free activities, lesson plans and background information.

Daily tip for running science class discussions and groupwork.

News
University of Alabama: 14-Mar-2007, 12:00 Eastern US Time, Eurekalert.

Memories are made of this
Scientists have discovered a mechanism by which the constantly changing brain makes its memories—from a dog-bite to that first kiss. 

It’s the same mechanism that cells use to alter their genes during development of the embryo.

Neurobiologists Courtney Miller and David Sweatt report their findings in the March 15, 2007 issue of the journal Neuron.

Their studies were aimed at exploring if a process called DNA methylation plays a role in making memories. 

In methylation, molecules called methyl groups are attached to genes. This switches them off. Cells use methylation when the embryo is developing to switch off particular genes. This lets the cells specialize into different types – skin, bones, hair, etc – as the embryo grows and develops. 

The name for this process is “epigenetic”. Epi means “above” or “in addition”. So epigenetic means that something is happening in addition to the normal action of the genes. 

During development of the embryo, methylation causes a permanent change in the activity of genes. Previous studies had hinted that methylation stays active into the adult brain. But it wasn’t thought to be a mechanism for making long-term memories. 

On the other hand, mistakes in DNA methylation are seen in some brain disorders, such as schizophrenia. 

So Miller and Sweatt designed experiments to test if methylation helps make memories. In their experiments they produced fearful memories in rats. They gave the animals mild shocks when they were in a particular training chamber. 

They could then test if the rats remembered, by noticing if they froze when placed in that chamber.

Then they gave the animals drugs that inhibit methylation. This was to test if methylation was needed for the rats to form these memories. 

The researchers found that it was. They also found that methylation directly controls the activity of two genes. One of these prevents memories being formed. It is called protein phosphatase 1. The other helps memories form. It is called reelin.

DNA methylation was once thought to be a static process after cell differentiation – when cells had become part of the different organs of the body. This study is the first to find evidence, say the scientists, that instead it is “dynamically regulated in the adult nervous system”, and “plays an integral role in memory formation.” 

The new findings show that DNA methylation is used by the central nervous system. This is a key step in controlling gene activity to make memories.

In terms of possible applications of the work, epigenetic errors have been seen in cancer, some types of autism and schizophrenia. So the new findings could improve our understanding of the causes of those disorders.

More broadly, the findings show the importance of DNA methylation in changes in the brain caused by events in the environment

###

The researchers include Courtney A. Miller and J. David Sweatt of University of Alabama at Birmingham in Birmingham, AL.

This work was supported by the NIMH, NINDS, American Health Assistance Foundation, and the Evelyn F. McKnight Brain Research Foundation. C.A.M. is a Civitan Emerging Scholar.

Miller et al.: “Covalent Modification of DNA Regulates Memory Formation.” Publishing in Neuron 53, 857–869, March 15, 2007. DOI 10.1016/j.neuron.2007.02.022. www.neuron.org.

450 words

Flesch reading ease: 56

Flesch-Kincaid Grade level: 8.6

Word bank
Pupils will not know some of the words used in the text. Meanings are given below, followed by an exercise in matching words and meanings. 

Teachers may choose to provide some or all of the meanings to help pupils read and understand the story. An approach that leads to better learning is to ask pupils to complete as much of Activity 1 as possible during their first encounter with the text.

By tackling this exercise and those that follow – which are known collectively as directed activities related to texts (DARTs) – pupils can engage with a piece of writing, and learn a great deal from it, even when many of its ideas and words are unfamiliar to them.


Word
Meaning

1
autism
a disorder that makes it hard to talk with other people or understand what they are thinking, feeling and doing

2
cancer
a disease in which harmful growths form in the body

3
cell
the building block of all living things except viruses

4
central nervous system
the brain and the spinal cord

5
chamber
enclosed room or space

6
conception
fertilisation of egg by sperm

7
control
direct an activity

8
develop
grow bigger and/or better formed

9
development
growing bigger and better formed

10
differentiation
becoming different

11
disorder
illness, often caused by something going wrong, rather than infection

12
DNA
giant molecule that contains the genes; short for deoxyribonucleic acid

13
dynamically 
in a changing way

14
embryo
early stage in development of an animal or plant following fertilization of an egg cell. In humans the word is used for the fertilised egg during its first seven weeks of existence; from the eighth week on it is called a fetus.

15
emotion
strong feeling, such as love, anger, hate

16
environment
everything in the surroundings that can have an effect

17
epigenetic
mechanisms controlling gene expression during development that do not depend on changes in DNA sequence

18
essential
can't be done without

19
evidence
reason to believe something

20
fertilization
joining of male and female cells to form a new cell that can become a new plant or animal

21
formation
coming into existence

22
gene
tiny part of animal and plant cells that controls what is inherited. A gene is a section of DNA that does a particular job.

23
gene expression
the process by which information in a gene is used to create proteins

24
hallucination
something seen or heard that is not really there

25
inherit
get from parents at conception

26
inhibit
hinder or prevent

27
integral
being an essential part of a whole thing

28
mechanism
the chemical or physical processes that make something happen

29
methyl group
a group of one carbon atom and three hydrogen atoms (CH3)

30
methylation
addition of methyl (CH3) group to DNA which causes inactivation of that region. 

31
molecule
the smallest part of a substance that can exist; made of two or more atoms linked together

32
nervous system
all the nerves that carry electrical signals from one part of the body to another; includes the brain

33
permanent
lasting forever or a very long time

34
protein
one of many substances that are the building blocks of living cells

35
regulate
control, especially by certain rules

36
schizophrenia
mental illness in which the person suffers from disturbing thoughts, hallucinations and a reduced ability to feel normal emotions

37
specialize
change to be able to do a particular job

38
sperm
the male cell that joins with an egg to produce new life

39
static
fixed; unchanging

Activity 1

Mixed-up meanings

Pupils should try to fill in the blanks in the final column with the words that match the meanings. The words needed are listed, but not necessarily in the right order, in the first column.

This exercise should not be tackled in isolation, but by a reader with access to the story itself: The contexts in which words are used provide powerful clues to their meanings.  


Word
Meaning
Word should be

1
autism
mechanisms controlling gene expression during development that do not depend on changes in DNA sequence


2
cancer
all the nerves that carry electrical signals from one part of the body to another; includes the brain


3
cell
fixed; unchanging


4
central nervous system
coming into existence


5
chamber
tiny part of animal and plant cells that controls what is inherited. A gene is a section of DNA that does a particular job.


6
conception
the building block of all living things except viruses


7
control
joining of male and female cells to form a new cell that can become a new plant or animal


8
develop
control, especially by certain rules


9
development
a disorder that makes it hard to talk with other people or understand what they are thinking, feeling and doing


10
differentiation
the male cell that joins with an egg to produce new life


11
disorder
the process by which information in a gene is used to create proteins


12
DNA
grow bigger and/or better formed


13
dynamically 
direct an activity


14
embryo
early stage in development of an animal or plant following fertilization of an egg cell. In humans the word is used for the fertilised egg during its first seven weeks of existence; from the eighth week on it is called a fetus.


15
emotion
get from parents at conception


16
environment
a group of one carbon atom and three hydrogen atoms (CH3)


17
epigenetic
one of many substances that are the building blocks of living cells


18
essential
illness, often caused by something going wrong, rather than infection


19
evidence
lasting forever or a very long time


20
fertilization
reason to believe something


21
formation
something seen or heard that is not really there


22
gene
a disease in which harmful growths form in the body


23
gene expression
everything in the surroundings that can have an effect


24
hallucination
change to be able to do a particular job


25
inherit
can't be done without


26
inhibit
addition of methyl (CH3) group to DNA which causes inactivation of that region. 


27
integral
mental illness in which the person suffers from disturbing thoughts, hallucinations and a reduced ability to feel normal emotions


28
mechanism
enclosed room or space


29
methyl group
the smallest part of a substance that can exist; made of two or more atoms linked together


30
methylation
fertilisation of egg by sperm


31
molecule
the chemical or physical processes that make something happen


32
nervous system
growing bigger and better formed


33
permanent
hinder or prevent


34
protein
giant molecule that contains the genes; short for deoxyribonucleic acid


35
regulate
becoming different


36
schizophrenia
in a changing way


37
specialize
strong feeling, such as love, anger, hate


38
sperm
the brain and the spinal cord


39
static
being an essential part of a whole thing


Activity 2

Comprehension 

1. What is the name of the process the scientists have been studying?

2. What brain activity were they interested in?

3. Before this study scientists knew a fair bit about DNA methylation in the body – but not in adults. At what stage in the process of coming into the world and growing up was methylation known to be important?

4. What does it do at that stage to particular genes?

5. What effect does that have on the cells in the young body?

6. What is the name for this process?

7. What does the name mean?

8. Before this study scientists did not think methylation was involved in making memories. But what evidence showed it was involved in the brain in some way?

9. What was the aim of the experiments Miller and Sweatt designed?

10. What animals did they use?

11. What did they do to the animals first?

12. How could they tell if the animals remembered this?

13. What did they then give to them?

14. What reason did they have for doing this?

15. What was the result of the test?

16. Methylation was once thought to be a static process – meaning it happened then nothing changed. This new research shows exactly the opposite. What words do the scientists use to state this?

17. The new findings could improve our understanding of the causes of several disorders. Name two of them.

18. This story leaves a lot of questions unanswered. If you were the scientists what would you still want to know?

19. Can you think how you might try to find out?

Activity 3

Find the missing word
Pupils should try to fill in the blanks using clues from the rest of the sentence. When in doubt, the length of each blank indicates the length of the missing word. A complete list of words that belong in the blanks is provided at the end of the passage.

Memories are made of this

Scientists have discovered a mechanism by which the __________ changing brain makes its memories-from a dog-bite to that _____ kiss. 

It's the same mechanism that cells use to _____ their genes during development of the embryo.

Neurobiologists Courtney Miller ___ David Sweatt report their findings in the March 15, ____ issue of the journal Neuron.

Their studies were aimed at _________ if a process called DNA methylation plays a role __ making memories. 

In methylation, molecules called methyl groups are ________ to genes. This switches them off. Cells use methylation ____ the embryo is developing to switch off particular genes. ____ lets the cells specialize into different types - skin, _____, hair, etc - as the embryo grows and ________. 

The name for this process is “epigenetic”. Epi _____ “above” or “in addition”. So epigenetic means that something __ happening in addition to the normal action of the _____. 

During development of the embryo, methylation causes a _________ change in the activity of genes. Previous studies had ______ that methylation stays active into the adult brain. But __ wasn't thought to be a mechanism for making long-term memories. 

On the other hand, mistakes in DNA methylation are ____ in some brain disorders, such as schizophrenia. 

So Miller ___ Sweatt designed experiments to test if methylation helps make ________. In their experiments they produced fearful memories in ____. They gave the animals mild shocks when they ____ in a particular training chamber. 

They could then test __ the rats remembered, by noticing if they froze when ______ in that chamber.

Then they gave the animals drugs that _______ methylation. This was to test if methylation was needed ___ the rats to form these memories. 

The researchers found ____ it was. They also found that methylation directly controls ___ activity of two genes. One of these prevents memories _____ formed. It is called protein phosphatase 1. The other _____ memories form. It is called reelin.

DNA methylation was once _______ to be a static process after cell differentiation - ____ cells had become part of the different organs of ___ body. This study is the first to find evidence, ___ the scientists, that instead it is “dynamically regulated in ___ adult nervous system”, and “plays an integral role in ______ formation.” 

The new findings show that DNA methylation is ____ by the central nervous system. This is a key ____ in controlling gene activity to make memories.

In terms of ________ applications of the work, epigenetic errors have been seen __ cancer, some types of autism and schizophrenia. So the ___ findings could improve our understanding of the causes of _____ disorders.

More broadly, the findings show the importance of DNA ___________ in changes in the brain caused by events in ___ environment.

These are all the words that belong in the blanks:
2007, alter, and, and, attached, being, bones, constantly, develops, exploring, first, for, genes, helps, hinted, if, in, in, inhibit, is, it, means, memories, memory, methylation, new, permanent, placed, possible, rats, say, seen, step, that, the, the, the, the, This, those, thought, used, were, when, when

Answer Key:

Memories are made of this

Scientists have discovered a mechanism by which the constantly changing brain makes its memories-from a dog-bite to that first kiss. 

It's the same mechanism that cells use to alter their genes during development of the embryo.

Neurobiologists Courtney Miller and David Sweatt report their findings in the March 15, 2007 issue of the journal Neuron.

Their studies were aimed at exploring if a process called DNA methylation plays a role in making memories. 

In methylation, molecules called methyl groups are attached to genes. This switches them off. Cells use methylation when the embryo is developing to switch off particular genes. This lets the cells specialize into different types - skin, bones, hair, etc - as the embryo grows and develops. 

The name for this process is “epigenetic”. Epi means “above” or “in addition”. So epigenetic means that something is happening in addition to the normal action of the genes. 

During development of the embryo, methylation causes a permanent change in the activity of genes. Previous studies had hinted that methylation stays active into the adult brain. But it wasn't thought to be a mechanism for making long-term memories. 

On the other hand, mistakes in DNA methylation are seen in some brain disorders, such as schizophrenia. 

So Miller and Sweatt designed experiments to test if methylation helps make memories. In their experiments they produced fearful memories in rats. They gave the animals mild shocks when they were in a particular training chamber. 

They could then test if the rats remembered, by noticing if they froze when placed in that chamber.

Then they gave the animals drugs that inhibit methylation. This was to test if methylation was needed for the rats to form these memories. 

The researchers found that it was. They also found that methylation directly controls the activity of two genes. One of these prevents memories being formed. It is called protein phosphatase 1. The other helps memories form. It is called reelin.

DNA methylation was once thought to be a static process after cell differentiation - when cells had become part of the different organs of the body. This study is the first to find evidence, say the scientists, that instead it is “dynamically regulated in the adult nervous system”, and “plays an integral role in memory formation.” 

The new findings show that DNA methylation is used by the central nervous system. This is a key step in controlling gene activity to make memories.

In terms of possible applications of the work, epigenetic errors have been seen in cancer, some types of autism and schizophrenia. So the new findings could improve our understanding of the causes of those disorders.

More broadly, the findings show the importance of DNA methylation in changes in the brain caused by events in the environment

Activity 4

What kind of statement?
Students should read the news story on page 1 about the latest scientific research, and highlight phrases or sentences according to the following key (or any other way of indicating the different types of statement that can be done with the resources in their pockets or in your classroom):

Existing knowledge

Aims/reasons for doing the research

Technology and methods

New findings or developments

Hypothesis

Prediction

Evidence
Issues and applications

Normally no more than one phrase or sentence should be highlighted in each paragraph, unless the reader decides that a particular paragraph contains several really important ideas. 

Usually the decision will not be too difficult. But choosing between, say, hypotheses and new findings can sometimes be tricky. There isn’t always an obviously right or wrong answer, even to the scientists themselves. 

Pupils should be encouraged not to agonize too long over their choice of statement type, but to be prepared to give reasons for their decisions. 

Note: A hypothesis is a “tentative explanation that leads to predictions that can be tested by experiment or observation”.
Answer Key: (This is an illustrative set of choices. There are many others.)

Memories are made of this
Scientists have discovered a mechanism by which the constantly changing brain makes its memories—from a dog-bite to that first kiss. 

It’s the same mechanism that cells use to alter their genes during development of the embryo.

Neurobiologists Courtney Miller and David Sweatt report their findings in the March 15, 2007 issue of the journal Neuron.

Their studies were aimed at exploring if a process called DNA methylation plays a role in making memories. 

In methylation, molecules called methyl groups are attached to genes. This switches them off. Cells use methylation when the embryo is developing to switch off particular genes. This lets the cells specialize into different types – skin, bones, hair, etc – as the embryo grows and develops. 

The name for this process is “epigenetic”. Epi means “above” or “in addition”. So epigenetic means that something is happening in addition to the normal action of the genes. 

During development of the embryo, methylation causes a permanent change in the activity of genes. Previous studies had hinted that methylation stays active into the adult brain. But it wasn’t thought to be a mechanism for making long-term memories. 

On the other hand, mistakes in DNA methylation are seen in some brain disorders, such as schizophrenia. 

So Miller and Sweatt designed experiments to test if methylation helps make memories. In their experiments they produced fearful memories in rats. They gave the animals mild shocks when they were in a particular training chamber. 

They could then test if the rats remembered, by noticing if they froze when placed in that chamber.

Then they gave the animals drugs that inhibit methylation. This was to test if methylation was needed for the rats to form these memories. 

The researchers found that it was. They also found that methylation directly controls the activity of two genes. One of these prevents memories being formed. It is called protein phosphatase 1. The other helps memories form. It is called reelin.

DNA methylation was once thought to be a static process after cell differentiation – when cells had become part of the different organs of the body. This study is the first to find evidence, say the scientists, that instead it is “dynamically regulated in the adult nervous system”, and “plays an integral role in memory formation.” 

The new findings show that DNA methylation is used by the central nervous system. This is a key step in controlling gene activity to make memories.

In terms of possible applications of the work, epigenetic errors have been seen in cancer, some types of autism and schizophrenia. So the new findings could improve our understanding of the causes of those disorders.

More broadly, the findings show the importance of DNA methylation in changes in the brain caused by events in the environment
Activity 5
Topics for group discussion or pupil presentations

This is a tough story in terms of making science research accessible in the classroom – even though its readability statistics are perfectly acceptable. It’s the concepts that are difficult and potentially confusing, rather than the words.

Epigenetics is an important research field in modern biology and medicine – both at the fundamental level of understanding how life works, and the practical level of tackling disease. 

It’s also an area that is expanding fast, and will increasingly be reported in newspapers and on TV.

Unfortunately it’s also an area with great potential for creating confusion in kids’ minds. 

As the extract shown below from Making Sense of Secondary Science demonstrates, the basic ideas of ordinary genetics are not well understood by young people – even those who have specialized in biology: “They tend to believe in the Lamarckian theory of inheritance of acquired characteristics.”

The trouble is that evidence from epigenetics now suggests that inheritance of acquired characteristics does indeed occasionally happen. 

See for example www.eurekalert.org/pub_releases/2006-08/wuis-rgh080706.php Here Eric Richards, Ph.D., professor of biology at Washington University, St. Louis is quoted as saying: “When most biologists hear the name Lamarck or the term soft inheritance, the reaction is, 'Oh my God, here we go again'.

“But from a molecular biology point of view there is a mechanism to do soft inheritance, and epigenetic inheritance can be construed as a form of soft inheritance. That's all I'm saying.”

Epigenetics can also be used by creationists to support the idea that Darwinian evolution is inadequate for understanding the nature of life on Earth.

So the whole area is something of a minefield for us teachers of science. For once therefore we are not going to suggest that students take part in a research/inquiry/discussion activity on this story. 

The chances of reinforcing misconceptions in the majority of students probably exceed the potential benefits.

Links to free activities, resources and lessons

1. www.teachersdomain.org/resources/tdc02/sci/life/repro/lp_inherit/index.html Set of lessons on gene inheritance: Students learn how genes are passed from one generation to the next. They explore meiosis, which divides the genetic material of an individual in half to produce the sperm or egg cells. They explore how genetic diseases are passed from one generation to the next. A coin-toss exercise demonstrates the odds of parents passing mutated genes to their offspring. Two videos illustrate positive, negative and neutral effects of mutations. From Teachers’ Domain. Simple registration required.

2. www.washingtonpost.com/wp-dyn/content/article/2005/07/04/AR2005070400845.html?nav=rss_nation “A mysterious biological mechanism that subtly changes the way people's genes behave may account for many of the surprising differences between identical twins…” Washington Post. Background on epigenetics.

3. www.accessexcellence.org/AE/AEPC/WWC/1994/surprising.html “Recent revisions to the basic mechanisms of modern genetics violate many long held ideas of inheritance.” Teacher background, since “older textbooks will not have references for these genetic surprises.”

4. www.chemsoc.org/chembytes/ezine/2001/pufulete_mar01.htm “If you thought that DNA has no secrets left to surrender, think again. The sequencing of the human genome may have heralded a new era for genetic research, but the unravelling DNA story still has a twist in its tail. The new buzzword in many corners of the establishment is epigenetics…”

5. www.johnhawks.net/weblog/reviews/genomics/ “How does the environment alter the phenotype? Identical twins are not interesting merely because they are different: everybody's different. Instead, they are interesting because they show how the same genome can unfold differently with slightly different conditions.” Prominent scientist weblog touching on epigenetics.

6. www.wellcome.ac.uk/doc_WTD023643.html “The only important thing about DNA is its sequence, right? Wrong.” Teacher background on epigenetics and methylation.

7. www.pbs.org/theforgetting/symptoms/memory.html Activities and instruction on how memory works, and on Alzheimer’s disease. From PBS.

8. www.pbs.org/saf/1402/teaching/teaching2.htm Activity page on memory, with: a minds-on and hands-on experience; an opportunity to compare memory tricks; tools and ideas for improving memory.

Daily tip for science class discussions and groupwork

Students appear to show confusion between an individual’s adaptation during its lifetime and inherited changes in a population over time. They tend to believe in the Lamarckian theory of inheritance of acquired characteristics. This belief is evident in many surveys of students, both before and after instruction in genetics and evolution. Brumby found among Australian and English higher education students that only 18% of students, even after studying A level Biology, could correctly apply a process of selection to evolutionary change. Most gave the Lamarckian interpretation that individuals can adapt to change in the environment if they need to, and that these adaptations are inherited. Brumby considers that pre-existing Lamarckian ideas can block the understanding of a Darwinian explanation.

Rosalind Driver et al. (1994) Making Sense of Secondary Science. Routledge, London.
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