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Daily tip for running science class discussions and groupwork.

News
Chemistry & Industry: 29-Jan-2007  

Bacteria eaters

Antibiotics are wonder drugs that kill bacteria. But they are failing. The bacteria are fighting back. People are now dying of diseases that doctors once thought were beaten forever. 

Perhaps viruses are the answer. But not just any old viruses. Certain kinds of virus attack bacteria. They are known as bacteriophages. This means “something that eats bacteria”. 

Phages, as they are often called, don’t actually eat whole bacteria. But they do attack and kill them. So researchers have been testing phages. They have found that antibiotics can be 50 times as effective in killing bacteria if phages are used along with them. 

Phages work by tunneling through the membranes of bacterial cells, explained researcher Steven Hagens of the University of Vienna. This membrane normally makes it hard for the antibiotics – which are large molecules – to get into the cell. 

Pseudomonas for instance is a bacterium that causes pneumonia. It is a common cause of infections caught in hospital. It is particularly resistant to many antibiotics, Hagens said. 

These bacteria have pumps that help them throw out antibiotics, he explained. “A pore in the cell wall would obviously cancel that efflux effect.”

Experiments were carried by infecting mice with a lethal dose of pseudomonas. Three-quarters of the mice survived if bacteriophages were given along with an antibiotic. None survived without the phages (Microb. Drug Resist., 2006, 12 (3), 164).


The bacteriophage approach should be especially useful for treating food poisoning. This is because the lower doses of antibiotic needed would not destroy friendly bacteria in the gut. This is a big problem with the usual levels of antibiotics that have to be used.


Any particular antibiotic only works for a while. Gradually bacteria become resistant to it. They do this by evolving. This has happened rapidly since antibiotics were first used in the 1940s. 

The reason is that they have been used far too freely. Sometimes doctors have tried using them to treat illnesses like cold or flu, which they can’t cure. Antibiotics are widely used by farmers to help their animals grow. 

The more often antibiotics are used, the more rapidly the bacteria become resistant to them. So nowadays serious infections like MRSA (methicillin-resistant staphylococcus aureus), are rapidly spreading in our hospitals. These are very dangerous bacteria that attack more than 8,000 people in the UK every year. MRSA often kills.

Phages are likely to become more popular as resistance to antibiotics continues to increase, said Hagens.

Bacteria can also become resistant to phages, just as they do to antibiotics. But the phages themselves can adapt. So new varieties should become available to beat the bacteria.

www.chemind.org/
400 words

Flesch reading ease: 46.1

Flesch-Kincaid Grade level: 9.4

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
adapt
change to suit a new state of things

2
antibiotic
substance that helps the body fight a disease, by killing the bacteria that cause it

3
bacteria
microscopic form of life that can cause disease

4
bacterial
of bacteria

5
bacteriophage
virus that attacks bacteria

6
bacterium
singular of bacteria; so it’s one bacterium but two, three or a hundred bacteria

7
cell
the building block of all living things except viruses

8
conception
fertilisation of egg by sperm

9
DNA
giant molecule that contains the genes; short for deoxyribonucleic acid

10
effect
change produced by a cause; a result

11
effective
producing the effect that is wanted

12
efflux
flowing out

13
experiment
a practical test 

14
fertilisation
joining of male and female cells to form a new cell that can become a new plant or animal

15
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.

16
infection
disease that can spread by air or water

17
inherit
get from parents at conception

18
lethal
causing death

19
membrane
thin, flexible layer 

20
molecule
the smallest part of a substance that can exist; made of two or more atoms joined together

21
phage
short for bacteriophage

22
pneumonia
serious illness of the lining of the lungs

23
pore
a tiny opening

24
protein
one of many substances that are the building blocks of living cells

25
resistant
not affected; fighting against

26
sperm
the male cell that joins with an egg to produce new life

27
virus
object that causes disease, and is made of some of the complex molecules of life, such as DNA and protein. Viruses are not usually thought of as living things.

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, randomly mixed, 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
lethal
change to suit a new state of things


2
cell
substance that helps the body fight a disease, by killing the bacteria that cause it


3
effective
microscopic form of life that can cause disease


4
molecule
of bacteria


5
adapt
virus that attacks bacteria


6
bacterial
singular of bacteria; so it’s one bacterium but two, three or a hundred bacteria


7
membrane
the building block of all living things except viruses


8
gene
fertilisation of egg by sperm


9
virus
giant molecule that contains the genes; short for deoxyribonucleic acid


10
effect
change produced by a cause; a result


11
DNA
producing the effect that is wanted


12
bacteria
flowing out


13
inherit
a practical test 


14
pore
joining of male and female cells to form a new cell that can become a new plant or animal


15
protein
tiny part of animal and plant cells that controls what is inherited. A gene is a section of DNA that does a particular job.


16
sperm
disease that can spread by air or water


17
bacterium
get from parents at conception


18
infection
causing death


19
resistant
thin, flexible layer 


20
antibiotic
the smallest part of a substance that can exist; made of two or more atoms joined together


21
fertilisation
short for bacteriophage


22
conception
serious illness of the lining of the lungs


23
efflux
a tiny opening


24
pneumonia
one of many substances that are the building blocks of living cells


25
experiment
not affected; fighting against


26
phage
the male cell that joins with an egg to produce new life


27
bacteriophage
object that causes disease, and is made of some of the complex molecules of life, such as DNA and protein. Viruses are not usually thought of as living things.


Activity 2

Comprehension 

1. What do antibiotics do?

2. What is the problem nowadays with antibiotics?

3. What else attacks bacteria besides antibiotics?

4. What is the short name of the kinds of viruses that attack bacteria?

5. What is the main finding of the work these researchers have done?

6. What is it that phages do to bacteria that damages them?

7. Why does that help antibiotics to kill the bacteria, when they are used along with phages?

8. What disease does pseudomonas cause?

9. Do antibiotics work well against pseudomonas nowadays?

10. What does pseudomonas have that helps it to get rid of antibiotics?

11. What type of animal was used in the experiments?

12. What were these animals infected with?

13. What does “lethal dose” mean?

14. What happened to the mice given a lethal dose and antibiotics?

15. What happened to the mice given a lethal dose and antibiotics and phages?

16. What did this tell the scientists? 

17. What type of illness should phages and antibiotics together be especially useful for treating?

18. Why is this?

19. Penicillin was the first antibiotic to be discovered, but it is hardly ever used nowadays. Can you think why?

20. How have doctors helped to make the problem of antibiotic resistance worse?

21. How have farmers helped to make the problem of antibiotic resistance worse?

22. Why is MRSA much more dangerous to people in hospitals now than it was 20 years ago?

23. What is the big advantage that phages have over antibiotics?

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.

Bacteria eaters

Antibiotics are wonder drugs that kill bacteria. But ____ are failing. The bacteria are fighting back. People are ___ dying of diseases that doctors once thought were beaten _______. 

Perhaps viruses are the answer. But not just ___ old viruses. Certain kinds of virus attack bacteria. They ___ known as bacteriophages. This means “something that eats bacteria”.

Phages, as they are often called, don't actually eat whole ________. But they do attack and kill them. So ___________ have been testing phages. They have found that antibiotics ___ be 50 times as effective in killing bacteria if ______ are used along with them. 

Phages work by tunneling _______ the membranes of bacterial cells, explained researcher Steven Hagens __ the University of Vienna. This membrane normally makes it hard for ___ antibiotics – which are large molecules – to get into the cell. 

Pseudomonas for instance is a _________ that causes pneumonia. It is a common cause of __________ caught in hospital. It is particularly resistant to many ___________, Hagens said. 

This is because the bacteria have _____ that help them throw out antibiotics, he explained. “A ____ in the cell wall would obviously cancel that efflux ______.”

Experiments were carried by infecting mice with a lethal ____ of pseudomonas. Three-quarters of the mice survived if bacteriophages ____ given along with an antibiotic. None survived without the ______ (Microb. Drug Resist., 2006, 12 (3), 164).

The bacteriophage approach ______ be especially useful for treating food poisoning. This is _______ the lower doses of antibiotic needed would not destroy ________ bacteria in the gut. This is a big problem ____ the usual levels of antibiotics that have to be ____.

Any particular antibiotic only works for a while. Gradually ________ become resistant to it. They do this by evolving. ____ has happened rapidly since antibiotics were first used in ___ 1940s. 

The reason is that they have been used ___ too freely. Sometimes doctors have tried using them to _____ illnesses like cold or flu, which they can't cure. ___________ are widely used by farmers to help their animals ____. 

The more often antibiotics are used, the more _______ the bacteria become resistant to them. So nowadays serious __________ like MRSA (methicillin-resistant staphylococcus aureus), are rapidly spreading in ___ hospitals. These are very dangerous bacteria that attack more ____ 8,000 people in the UK every year. MRSA often _____.

Phages are likely to become more popular as resistance __ antibiotics continues to increase, said Hagens.

Bacteria can also become _________ to phages, just as they do to antibiotics. But ___ phages themselves can adapt. So new varieties should become _________ to beat the bacteria.

These are all the words that belong in the blanks:
antibiotics, Antibiotics, any, are, available, bacteria, bacteria, bacterium, because, can, dose, effect, far, forever, friendly, grow, infections, infections, kills, now, of, our, phages, phages, pore, pumps, rapidly, researchers, resistant, should, than, the, the, the, they, this, through, to, treat, used, were, with

Answer Key:

Bacteria eaters

Antibiotics are wonder drugs that kill bacteria. But they are failing. The bacteria are fighting back. People are now dying of diseases that doctors once thought were beaten forever. 

Perhaps viruses are the answer. But not just any old viruses. Certain kinds of virus attack bacteria. They are known as bacteriophages. This means “something that eats bacteria”. 

Phages, as they are often called, don't actually eat whole bacteria. But they do attack and kill them. So researchers have been testing phages. They have found that antibiotics can be 50 times as effective in killing bacteria if phages are used along with them. 

Phages work by tunneling through the membranes of bacterial cells, explained researcher Steven Hagens of the University of Vienna. This membrane normally makes it hard for the antibiotics – which are large molecules – to get into the cell. 

Pseudomonas for instance is a bacterium that causes pneumonia. It is a common cause of infections caught in hospital. It is particularly resistant to many antibiotics, Hagens said. 

This is because the bacteria have pumps that help them throw out antibiotics, he explained. “A pore in the cell wall would obviously cancel that efflux effect.”

Experiments were carried by infecting mice with a lethal dose of pseudomonas. Three-quarters of the mice survived if bacteriophages were given along with an antibiotic. None survived without the phages (Microb. Drug Resist., 2006, 12 (3), 164).

The bacteriophage approach should be especially useful for treating food poisoning. This is because the lower doses of antibiotic needed would not destroy friendly bacteria in the gut. This is a big problem with the usual levels of antibiotics that have to be used.

Any particular antibiotic only works for a while. Gradually bacteria become resistant to it. They do this by evolving. This has happened rapidly since antibiotics were first used in the 1940s. 

The reason is that they have been used far too freely. Sometimes doctors have tried using them to treat illnesses like cold or flu, which they can't cure. Antibiotics are widely used by farmers to help their animals grow. 

The more often antibiotics are used, the more rapidly the bacteria become resistant to them. So nowadays serious infections like MRSA (methicillin-resistant staphylococcus aureus), are rapidly spreading in our hospitals. These are very dangerous bacteria that attack more than 8,000 people in the UK every year. MRSA often kills.

Phages are likely to become more popular as resistance to antibiotics continues to increase, said Hagens.

Bacteria can also become resistant to phages, just as they do to antibiotics. But the phages themselves can adapt. So new varieties should become available to beat the bacteria.

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

Reasons/aims 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.)

Bacteria eaters

Antibiotics are wonder drugs that kill bacteria. But they are failing. The bacteria are fighting back. People are now dying of diseases that doctors once thought were beaten forever. 

Perhaps viruses are the answer. But not just any old viruses. Certain kinds of virus attack bacteria. They are known as bacteriophages. This means “something that eats bacteria”. 

Phages, as they are often called, don’t actually eat whole bacteria. But they do attack and kill them. So researchers have been testing phages. They have found that antibiotics can be 50 times as effective in killing bacteria if phages are used along with them. 

Phages work by tunneling through the membranes of bacterial cells, explained researcher Steven Hagens of the University of Vienna. This membrane normally makes it hard for the antibiotics – which are large molecules – to get into the cell. 

Pseudomonas for instance is a bacterium that causes pneumonia. It is a common cause of infections caught in hospital. It is particularly resistant to many antibiotics, Hagens said. 

These bacteria have pumps that help them throw out antibiotics, he explained. “A pore in the cell wall would obviously cancel that efflux effect.”

Experiments were carried by infecting mice with a lethal dose of pseudomonas. Three-quarters of the mice survived if bacteriophages were given along with an antibiotic. None survived without the phages (Microb. Drug Resist., 2006, 12 (3), 164).


The bacteriophage approach should be especially useful for treating food poisoning. This is because the lower doses of antibiotic needed would not destroy friendly bacteria in the gut. This is a big problem with the usual levels of antibiotics that have to be used.


Any particular antibiotic only works for a while. Gradually bacteria become resistant to it. They do this by evolving. This has happened rapidly since antibiotics were first used in the 1940s. 

The reason is that they have been used far too freely. Sometimes doctors have tried using them to treat illnesses like cold or flu, which they can’t cure. Antibiotics are widely used by farmers to help their animals grow. 

The more often antibiotics are used, the more rapidly the bacteria become resistant to them. So nowadays serious infections like MRSA (methicillin-resistant staphylococcus aureus), are rapidly spreading in our hospitals. These are very dangerous bacteria that attack more than 8,000 people in the UK every year. MRSA often kills.

Phages are likely to become more popular as resistance to antibiotics continues to increase, said Hagens.

Bacteria can also become resistant to phages, just as they do to antibiotics. But the phages themselves can adapt. So new varieties should become available to beat the bacteria.

Activity 5
Topics for group discussion or pupil presentations

Use the activity descriptions and resources at www.scpub.org/data//files/revantibiotic-9697.pdf
“Working in pairs students explain the use and limitations of

antibiotics to each other: 

“Patient’s parent role: You have come in to the surgery with your 10 year-old child suffering from a bad sore throat. You are worried and want some antibiotics to make your child better. The doctor is unwilling to prescribe.

In this role you have to act as if you are very convinced that your child needs a prescription for antibiotics. You are worried about your child. Challenge the doctor by asking questions which force her/him to explain the difference between a virus and a bacterium, and the dangers of misuse of antibiotics.
“The doctor role: You have to use your knowledge of infectious diseases, of the difference between bacteria and viruses, and of the uses and problems of antibiotics. You have to answer the parent’s questions”

Links to free activities, lesson plans, and background information.

1. www.teachersdomain.org/resources/tdc02/sci/life/evo/whymatters/index.html Evolution continues to have an impact on our lives – the food we eat, our environment, and our health. Through the story of a multi-drug resistant strain of tuberculosis, we see evolution in action today. Video and text. 

2. www.cellsalive.com/phage.htm “It's easy to mix these up since compared to us, both are VERY SMALL. But bacteria, given the proper nutrients, can grow and reproduce on their own. Viruses cannot “live” or reproduce without getting inside some living cell, whether it's a plant, animal, or bacteria. And compared to viruses, bacteria are huge.” Nice intro with graphics.

3. www.cellsalive.com/howbig.htm “The head of a pin is about 2mm in diameter. Use this animation to compare the relative sizes of cells and organisms sitting on a pinhead. Nearly invisible without magnification, dust mites dwarf pollen grains and human cells. In turn, bacteria and viruses are even smaller.”

4. www.teachersdomain.org/resources/tdc02/sci/life/evo/microbeclock/index.html Bacteria have very short lifespans so new mutations arise rapidly. These produce antibiotic-resistant strains faster than medicine can keep up. Visit this Evolution Web feature to see how many mutations one sneezeful of bacteria can produce in just one minute.

5. www.teachersdomain.org/resources/tdc02/sci/life/stru/singlecell/index.html They're neither plants nor animals, yet they are some of the most important life forms on Earth. This video segment explores the world of microorganisms – what they eat, how they move, what they have in common, and what distinguishes them from one another.
6. www.scpub.org/data//files/revcells2l-9692.pdf This activity revises the structure of an animal cell, and the microorganisms that cause disease. Students color in labels and structures on a typical animal cell, a bacterium and a virus. From Science for Public Understanding.
7. http://school.discovery.com/lessonplans/programs/invisibleenemies/

INCLUDEPICTURE  \d "/images/lessonplans/spacer.gif"
Lesson from Discovery School with the following learning objectives: Antibiotics fight diseases caused by bacteria. Before antibiotics many people died from diseases that are now curable. Bacteria are microscopic organisms which constantly change and develop antibiotic-resistant strains. We need new antibiotics but we also need to use antibiotics more carefully

8. www.rowland.harvard.edu/organization/past_research/bacteriophage/bacteriophage.html “The natural ability of infectious bacteria to develop immunities to every antibiotic that is used against them has become an alarming health concern. It is increasingly apparent that different methods for treating bacterial infections must be developed as an alternative to antibiotic therapy. The objective of my research is to develop an alternative method for treatment of bacterial infections using nature’s own cure: the bacteriophage.” 

9. www.cs.unc.edu/Research/nano/ed/stories/orange01/index.htm Fascinating high school project, with university scientists visiting and guiding students to control an atomic force microscope online, and explore the world of viruses and bacteria. Lots of pupil feedback: “We also interviewed a couple of different scientists. It turns out they actually have lives after all. Some listen to Frank Zappa, some sail, and some of them party. It turns out that they don’t have to be at work at a specific time.”

10. www.cs.unc.edu/Research/nano/ed/virus.html Pupil-friendly virus website. Nanoscale science education.

11. www.bacteriophagetherapy.info/ECF40946-8E2F-4890-9CA6-D390A26E39C1/Book%20excerpt.html Extract from the book Viruses vs Superbugs: “The researcher gave Gertler his business card. It said: Revaz Adamia, Chairman of the Defence and Security Committee of the Georgian Parliament. ‘I thought he was from the KGB and I’d never hear back from him again.’ Yet soon after the encounter, Adamia, sent Gertler an email from Tbilisi: ‘We have the right phages. Treatment at the local hospital is no problem.’”

Links to more

www.virology.net/Big_Virology/BVHomePage.html Big Picture Book of Viruses. Images and much more.

www.mansfield.ohio-state.edu/~sabedon/ Home of phage evolutionary biology group.

Daily tip for science class discussions and groupwork

Roleplay timing and structure
It is important when using role play to include each of the following elements.

· preparation

· set-up (transition into role)

· action in role

· return (transition out of role)

· debrief

You must make clear to the students where the transition points are, so they know when they are supposed to be acting in role and when they are themselves. Role play is a very good way to explore other viewpoints. But it can be difficult for students if others associate attitudes or behavior in role with their own opinions.

If you are asking students to act in an unfamiliar way, or follow an initially alien line of thought and behavior, it is important to ease into the situation. If students are following an emotional line in role it can take time to bring themselves back.

Debriefing is a (usually structured) way of recalling/rehearsing and consolidating what has been learnt in the role play. As a general rule set-up should be at least as long as the action in role.

Transitions need time. Allow at least four or five times the length of time in role for debriefing. A two minute role play might take ten minutes of furniture moving and general introduction, including allocation of role (preparation), four minutes setting up the situation, two minutes of action role, two minutes coming out of role, ten minutes debriefing. 

Half an hour for a two-minute role play? 

That’s right!

From Science for Public Understanding: www.scpub.org
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