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News
Harvard Medical School: 12-Apr-2007 14:00 Eastern US Time

Dinosaur drumsticks

Scientists have sequenced tiny pieces of protein from a 68 million-year-old Tyrannosaurus rex. The fragments seem to closely match those found in today’s chickens. This supports a recent theory that birds are descended from dinosaurs. 

Scientists at Harvard Medical School, Beth Israel Deaconess Medical Center and North Carolina State University did the research. They report it in the April 13 issue of Science.

It is widely believed that birds evolved from dinosaurs, said John Asara. He is director of the mass spectrometer facility at Beth Israel Deaconess Medical School. “But that’s all based on the architecture of the bones.”

Asara sequenced the protein fragments – seven of them – over the course of a year and a half. His team used sensitive mass spectrometry methods. “This allows you to get the chance to say, ‘Wait, they really are related because their sequences are related.’” 

The researchers did not get enough sequences to definitely say that, he added. “But what sequences we got support that idea.”

In another study in the same issue of Science, researchers report that extracts of T. rex bone reacted with antibodies to chicken collagen. This further suggests the presence of birdlike protein in the dinosaur bones.

This work was done by Mary Schweitzer and colleagues at North Carolina State University.

The mere existence of such ancient protein contradicts a long-held belief. When an animal dies, protein begins to degrade immediately. It is slowly replaced by mineral when fossils form.

This process was thought to be complete in one million years. 

For centuries it has been believed that fossilisation destroyed any original material, said Schweitzer. She is also at the North Carolina Museum of Natural Sciences and is a co-author on the Asara study.

“Consequently no one looked carefully at really old bones.” 

That may now change, said Lewis Cantley. He is HMS professor of Systems Biology and BIDMC chief of Signal Transduction. He also took part in the study. 

“Basically, this is the breakthrough that says it’s possible to get sequences beyond one million years. At 68 million years, it’s still possible to get sequences.”

In addition to the seven dinosaur sequences, Asara and colleagues isolated and sequenced more than 70 protein fragments from a mastodon. This was 160,000-600,000 years old. That provides further evidence of the staying power of ancient protein.

There are important implications for handling newly discovered fossils, Asara said. Even with really old fossils people should avoid contamination. They should also “ensure that whatever is there gets well preserved because it can be interrogated.”

The scraps of dinosaur protein were obtained from a T Rex fossil femur. This had been discovered by John Horner, of the Museum of the Rockies, and colleagues in 2003. The location was Hell Creek Formation, a barren fossil-rich stretch of land that spans several states.

The scientists faced two challenges. The first was to gather enough protein to sequence. The bone extract was in the form of a gritty brown powder that had to be rid of contaminants. Asara purified the protein – identified as collagen – and broke it down into fragments, 10 to 20 amino acids long. He used techniques developed while working on the mastodon sample.

The peptides were passed over a liquid chromatography (LC) column. This separated them from one another. They were then sprayed at extremely low flow rates, for best sensitivity, into a mass spectrometer.

This measures the mass – specifically the mass-to-charge ratio – of peptides as they come off the LC column. To get the greatest possible yield, Asara used an ion-trap mass spectrometer. This captures and holds peptides. 

The collected peptides were measured for mass. In a second step, they were isolated and fragmented to reveal their amino acid sequence. Using this two-step procedure, Asara gained seven separate strings of amino acid.

He now faced his second challenge. This was to make sense of the amino acid sequences. Normally, when a sequence comes out of a mass spectrometer, it is compared to a database of existing amino acid sequences. Collagen is a protein that does not vary much with evolution. 

So it was highly likely that some of the dinosaur peptide sequences would match those of an existing species. Of the seven T. rex peptides, five were for a particular class of collagen protein – collagen alpha I. These were found to be matches to amino acid sequences in chicken collagen alpha I. 

For extinct species, the real goal is to find sequences unique to that organism. Asara generated a set of theoretical collagen protein sequences. These were some of the kinds that might have been present around the time of T. rex. 

None of his dinosaur peptides matched the theoretical set. But this is not surprising. “If you’re only finding seven sequences in T. rex, you’re not going to find novel ones,” said Asara. 

He also tested mastodon bone, sent by Schweitzer, against a database of existing amino acid sequences and against mastodon theoretical sequences. He identified a total of 78 peptides, including four that were unique.

The team will get better at doing the extractions, Cantley said. And their instruments and techniques will improve. That means they will be able to get “much more extensive sequences” from ancient fossils. They should also get “novel sequences unique to that species, which will give us ideas about the relationship between species.” 

Still, it may be very rare fossils that are as well preserved as the T. rex and mastodon specimens analysed in the current study. 

“Nature has to give you the opportunity to do this first,” Asara said.

950 words

Flesch reading ease: 53.8

Flesch-Kincaid Grade level: 8.9

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
amino acid
any of a number of molecules, made of carbon, oxygen, hydrogen and nitrogen, and found in living things. Peptides are two or more amino acids joined together. Proteins are chains of peptides folded or twisted together. 

2
analyse
study the parts something is made of, and how they work together

3
ancestor
something of the same family that lived in the past

4
ancient
belonging to the distant past; very old

5
antibody
important part of a body’s immune system. An antibody is a protein molecule produced in the blood in response to a substance that shouldn’t be there – which is known as an antigen. Each antibody acts against one antigen, and reacts with it to form a complex. 

6
architecture
how something is put together

7
barren
unable to support plant life

8
breakthrough
important advance or discovery

9
cell
the building block of all living things except viruses

10
challenge
new and exciting, but difficult, task

11
collagen
protein present in skin, cartilage, tendons and ligaments. Bones are made of collagen with the mineral calcium phosphate providing extra strength.

12
colleagues
people who work together

13
complex
having many connecting parts that are hard to separate

14
complex
name given to result of an antibody reacting with an antigen

15
consequently
as a result

16
contaminant
impurity

17
contamination
making impure

18
database
information in a computer stored in such a way that a program can use it to answer questions

19
degrade
reduce to a simpler form

20
descend from
have as an ancestor

21
evidence
reason to believe something

22
evolution
the way living things alter over time, through small changes in each generation that help an individual to survive and produce more healthy young than others of the same species

23
evolve
happen by evolution

24
extensive
covering a wide range

25
extinct
died out as a species

26
femur
thigh bone

27
fossil
cast, impression or actual remains of an animal or plant preserved in rock

28
fragment
small piece broken off

29
interrogate
ask questions of

30
isolate
separate from other substances

31
liquid chromatography
technique for separating a mixture of gases, liquids or dissolved substances

32
mass spectrometer
an instrument for measuring amounts of different substances in a sample

33
mastodon
any of an extinct family of mammals belonging to the elephant order

34
mineral
natural substance that is neither plant nor animal

35
molecule
the smallest part of a substance that can exist; made of two or more atoms joined together

36
novel
new and unusual

37
organism
a living thing

38
original
existing from the start; earliest

39
peptide
molecule made of two or more amino acid molecules joined together

40
protein
large complex molecule made of chains of amino acids. Proteins are the building blocks of body tissue.

41
react
what happens when an antigen combines with a corresponding antibody to produce a complex

42
relationship
how things are connected

43
sequence
find the order of the amino acids in a protein molecule

44
sequence
the order of the amino acids in a peptide or protein molecule

45
species
group of individuals that are alike and can breed together to produce fertile young

46
specimen
an item or part that is typical of a whole; a sample

47
theory
a set of ideas, concepts, principles or methods used to explain a wide range of observed facts; the word is sometimes used, as here, to mean hypothesis

48
tissue
a mass of cells, usually of one kind, that form one part of a plant or an animal – for example muscle, bone, cartilage

49
unique
being the only one of its kind

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
amino acid
study the parts something is made of, and how they work together


2
analyse
people who work together


3
ancestor
separate from other substances


4
ancient
protein present in skin, cartilage, tendons and ligaments. Bones are made of collagen with the mineral calcium phosphate providing extra strength.


5
antibody
a set of ideas, concepts, principles or methods used to explain a wide range of observed facts; the word is sometimes used, as here, to mean hypothesis


6
architecture
a mass of cells, usually of one kind, that form one part of a plant or an animal – for example muscle, bone, cartilage


7
barren
unable to support plant life


8
breakthrough
large complex molecule made of chains of amino acids. Proteins are the building blocks of body tissue.


9
cell
an item or part that is typical of a whole; a sample


10
challenge
having many connecting parts that are hard to separate


11
collagen
thigh bone


12
colleagues
belonging to the distant past; very old


13
complex
have as an ancestor


14
complex
a living thing


15
consequently
the order of the amino acids in a peptide or protein molecule


16
contaminant
happen by evolution


17
contamination
any of a number of molecules, made of carbon, oxygen, hydrogen and nitrogen, and found in living things. Peptides are two or more amino acids joined together. Proteins are chains of peptides folded or twisted together. 


18
database
new and exciting, but difficult, task


19
degrade
how things are connected


20
descend from
the building block of all living things except viruses


21
evidence
new and unusual


22
evolution
existing from the start; earliest


23
evolve
important part of a body’s immune system. An antibody is a protein molecule produced in the blood in response to a substance that shouldn’t be there – which is known as an antigen. Each antibody acts against one antigen, and reacts with it to form a complex.  


24
extensive
how something is put together


25
extinct
name given to result of an antibody reacting with an antigen


26
femur
the smallest part of a substance that can exist; made of two or more atoms joined together


27
fossil
important advance or discovery


28
fragment
what happens when an antigen combines with a corresponding antibody to produce a complex


29
interrogate
information in a computer stored in such a way that a program can use it to answer questions


30
isolate
died out as a species


31
liquid chromatography
being the only one of its kind


32
mass spectrometer
as a result


33
mastodon
molecule made of two or more amino acid molecules joined together


34
mineral
reduce to a simpler form


35
molecule
covering a wide range


36
novel
impurity


37
organism
making impure


38
original
technique for separating a mixture of gases, liquids or dissolved substances


38
peptide
natural substance that is neither plant nor animal


40
protein
reason to believe something


41
react
find the order of the amino acids in a protein molecule


42
relationship
an instrument for measuring amounts of different substances in a sample


43
sequence
something of the same family that lived in the past


44
sequence
any of an extinct family of mammals belonging to the elephant order


45
species
cast, impression or actual remains of an animal or plant preserved in rock


46
specimen
small piece broken off


47
theory
the way living things alter over time, through small changes in each generation that help an individual to survive and produce more healthy young than others of the same species


48
tissue
ask questions of


49
unique
group of individuals that are alike and can breed together to produce fertile young


Activity 2

Comprehension 

1. How old is the dinosaur the scientists have been working with?

2. What common living things are believed to be related to the dinosaurs?

3. Before this latest research, the evidence for that belief was the “architecture of the bones”. This means that ________ bones and ____ bones fit together in ways that look quite similar.

4. How long did it take Asara to work out the sequence of amino acids in the seven small pieces of protein he got from the dinosaur?

5. The “architecture of the bones” suggests that birds and dinosaurs are related. But it doesn’t say for sure. Are Asara’s methods capable of making it pretty certain that they are related?

6. Did the methods make it pretty certain this time?

7. Justify your last answer. This means point out the words in the story that led you to that answer.

8. Did the research make it more likely that birds and dinosaurs are related?

9. Again justify your last answer.

10. The writer of this story talks about another piece of research on tissues from the dinosaur. Who did this piece of research?

11. What did she and her colleagues find?

12. What did that finding suggest?

13. The scientists were surprised that they managed to get any protein from the fossil dinosaur. Why?

14. What other animal did Asara and his colleagues study?

15. Was it much older or younger than the dinosaur?

16. Why should this work make people more careful when handling very old bones?

17. Where was the dinosaur fossil found?

18. Did the scientists work on the mastodon or the dinosaur first?

19. Can you think why they did it that way round? [Hint: which one would have had more protein remaining, and so have been easier to work with?] 

20. What was the first challenge the scientists faced in sequencing the dinosaur protein?

21. The story mentions two complex pieces of scientific equipment that Asara used to sequence the protein. Name one of them.

22. What was the second challenge Asara faced?

23.  Normally when scientists find a sequence for an unknown protein they compare it with a database of ________ amino acid sequences.
24. What does that tell them?
25. In this case most of the amino acid sequences were the same as those found in which animal?

26. State three aspects of this type of work that will improve as time goes on.

27. What will these improvements help scientists to do?

28. These scientists have been able to find matter from long-dead animals, where no one expected any. Does this mean we are suddenly going to learn much deal more about the dinosaurs? 

29. Explain the thinking behind your last answer.

30. What is the main conclusion of all this research?

31. If you were these scientists what would you like to do next?

32. What question would that be trying to answer?

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.

Dinosaur drumsticks

Scientists have sequenced tiny pieces of protein from _ 68 million-year-old Tyrannosaurus rex. The fragments seem to  _______ match those found in today's chickens. This supports a ______ theory that birds are descended from dinosaurs. 

Scientists at _______ Medical School, Beth Israel Deaconess Medical Center and North ________ State University did the research. They report in the _____ 13 issue of Science.

It is widely believed that birds _______ from dinosaurs, said John Asara. He is director of ___ mass spectrometer facility at Beth Israel Deaconess Medical School. ____ that's all based on the architecture of the bones.”

Asara _________ the protein fragments - seven of them - over ___ course of a year and a half. His team ____ sensitive mass spectrometry methods. “This allows you to get ___ chance to say, 'Wait, they really are related because _____ sequences are related.'” 

The researchers did not get enough _________ to definitely say that, he added. “But what sequences __ got support that idea.”

In another study in the same _____ of Science, researchers report that extracts of T. rex ____ reacted with antibodies to chicken collagen. This further suggests ___ presence of birdlike protein in the dinosaur bones.

This work ___ done by Mary Schweitzer and colleagues at North Carolina _____ University.

The mere existence of such ancient protein contradicts a _________ belief. When an animal dies, protein begins to degrade ___________. It is slowly replaced by mineral when fossils ____.

This process was thought to be complete in one _______ years. 

For centuries it has been believed that fossilization _________ any original material, said Schweitzer. She is also at ___ North Carolina Museum of Natural Sciences and is a _________ on the Asara study.

“Consequently no one looked carefully at ______ old bones.” 

That may now change, said Lewis Cantley. __ is HMS professor of Systems Biology and BIDMC chief __ Signal Transduction. He also took part in the study.

“Basically, this is the breakthrough that says it's possible __ get sequences beyond one million years. At 68 million _____, it's still possible to get sequences.”

In addition to ___ seven dinosaur sequences, Asara and colleagues isolated and sequenced ____ than 70 protein fragments from a mastodon. This was ___,000-600,000 years old. That provides further evidence of the _______ power of ancient protein.

There are important implications for handling _____ discovered fossils, Asara said. Even with really old fossils ______ should avoid contamination. They should also “ensure that whatever __ there gets well preserved because it can be interrogated.”

The ______ of dinosaur protein were obtained from a T Rex ______ femur. This had been discovered by John Horner, of ___ Museum of the Rockies, and colleagues in 2003. The ________ was Hell Creek Formation, a barren fossil-rich stretch of ____ that spans several states.

The scientists faced two challenges. The _____ was to gather enough protein to sequence. The bone _______ was in the form of a gritty brown powder ____ had to be rid of contaminants. Asara purified the _______ - identified as collagen - and broke it down ____ fragments, 10 to 20 amino acids long. He used __________ developed while working on the mastodon sample.

The peptides were ______ over a liquid chromatography (LC) column. This separated them ____ one another. They were then sprayed at extremely low ____ rates, for best sensitivity, into a mass spectrometer.

This measures ___ mass - specifically the mass-to-charge ratio - of peptides __ they come off the LC column. To get the ________ possible yield, Asara used an ion-trap mass spectrometer. This ________ and holds peptides. 

The collected peptides were measured for ____. In a second step, they were isolated and __________ to reveal their amino acid sequence. Using this two-step _________, Asara gained seven separate strings of amino acid.

He ___ faced his second challenge. This was to make sense __ the amino acid sequences. Normally, when a sequence comes ___ of a mass spectrometer, it is compared to a ________ of existing amino acid sequences. Collagen is a protein ____ does not vary much with evolution. 

So it was ______ likely that some of the dinosaur peptide sequences would _____ those of an existing species. Of the seven T. ___ peptides, five were for a particular class of collagen _______ - collagen alpha I. These were found __ be matches to amino acid sequences in chicken collagen _____ I. 

For extinct species, the real goal is to ____ sequences unique to that organism. Asara generated a set __ theoretical collagen protein sequences. These were some of the _____ that might have been present around the time of _. rex. 

None of his dinosaur peptides matched the ___________ set. But this is not surprising. “If you're only _______ seven sequences in T. rex, you're not going to ____ novel ones,” said Asara. 

He also tested mastodon bone, ____ by Schweitzer, against a database of existing amino acid _________ and against mastodon theoretical sequences. He identified a total __ 78 peptides, including four that were unique.

The team will ___ better at doing the extractions, Cantley said. And their ___________ and techniques will improve. That means they will be ____ to get “much more extensive sequences” from ancient fossils. ____ should also get “novel sequences unique to that species, _____ will give us ideas about the relationship between species.”

Still, it may be very rare fossils that are __ well preserved as the T. rex and mastodon specimens ________ in the current study. 

“Nature has to give you ___ opportunity to do this first,” Asara said.

These are all the words that belong in the blanks:
160, “But, a, able, alpha, analysed, April, as, as, bone, captures, Carolina, closely, co-author, database, destroyed, evolved, extract, find, find, finding, first, flow, form, fossil, fragmented, from, get, greatest, Harvard, He, highly, immediately, instruments, into, is, issue, kinds, land, location, long-held, mass, match, million, more, newly, now, of, of, of, of, out, passed, people, procedure, protein, protein, really, recent, rex, scraps, sent, sequenced, sequences, sequences, State, staying, T, techniques, that, that, the, the, the, the, the, the, the, the, the, their, theoretical, They, to, to, used, was, we, which, years

Answer Key:

Dinosaur drumsticks

Scientists have sequenced tiny pieces of protein from a 68 million-year-old Tyrannosaurus rex. The fragments seem to closely match those found in today's chickens. This supports a recent theory that birds are descended from dinosaurs. 

Scientists at Harvard Medical School, Beth Israel Deaconess Medical Center and North Carolina State University did the research. They report in the April 13 issue of Science.

It is widely believed that birds evolved from dinosaurs, said John Asara. He is director of the mass spectrometer facility at Beth Israel Deaconess Medical School. “But that's all based on the architecture of the bones.”

Asara sequenced the protein fragments - seven of them - over the course of a year and a half. His team used sensitive mass spectrometry methods. “This allows you to get the chance to say, 'Wait, they really are related because their sequences are related.'” 

The researchers did not get enough sequences to definitely say that, he added. “But what sequences we got support that idea.”

In another study in the same issue of Science, researchers report that extracts of T. rex bone reacted with antibodies to chicken collagen. This further suggests the presence of birdlike protein in the dinosaur bones.

This work was done by Mary Schweitzer and colleagues at North Carolina State University.

The mere existence of such ancient protein contradicts a long-held belief. When an animal dies, protein begins to degrade immediately. It is slowly replaced by mineral when fossils form.

This process was thought to be complete in one million years. 

For centuries it has been believed that fossilization destroyed any original material, said Schweitzer. She is also at the North Carolina Museum of Natural Sciences and is a co-author on the Asara study.

“Consequently no one looked carefully at really old bones.” 

That may now change, said Lewis Cantley. He is HMS professor of Systems Biology and BIDMC chief of Signal Transduction. He also took part in the study. 

“Basically, this is the breakthrough that says it's possible to get sequences beyond one million years. At 68 million years, it's still possible to get sequences.”

In addition to the seven dinosaur sequences, Asara and colleagues isolated and sequenced more than 70 protein fragments from a mastodon. This was 160,000-600,000 years old. That provides further evidence of the staying power of ancient protein.

There are important implications for handling newly discovered fossils, Asara said. Even with really old fossils people should avoid contamination. They should also “ensure that whatever is there gets well preserved because it can be interrogated.”

The scraps of dinosaur protein were obtained from a T Rex fossil femur. This had been discovered by John Horner, of the Museum of the Rockies, and colleagues in 2003. The location was Hell Creek Formation, a barren fossil-rich stretch of land that spans several states.

The scientists faced two challenges. The first was to gather enough protein to sequence. The bone extract was in the form of a gritty brown powder that had to be rid of contaminants. Asara purified the protein - identified as collagen - and broke it down into fragments, 10 to 20 amino acids long. He used techniques developed while working on the mastodon sample.

The peptides were passed over a liquid chromatography (LC) column. This separated them from one another. They were then sprayed at extremely low flow rates, for best sensitivity, into a mass spectrometer.

This measures the mass - specifically the mass-to-charge ratio - of peptides as they come off the LC column. To get the greatest possible yield, Asara used an ion-trap mass spectrometer. This captures and holds peptides. 

The collected peptides were measured for mass. In a second step, they were isolated and fragmented to reveal their amino acid sequence. Using this two-step procedure, Asara gained seven separate strings of amino acid.

He now faced his second challenge. This was to make sense of the amino acid sequences. Normally, when a sequence comes out of a mass spectrometer, it is compared to a database of existing amino acid sequences. Collagen is a protein that does not vary much with evolution. 

So it was highly likely that some of the dinosaur peptide sequences would match those of an existing species. Of the seven T. rex peptides, five were for a particular class of collagen protein - collagen alpha I. These were found to be matches to amino acid sequences in chicken collagen alpha I. 

For extinct species, the real goal is to find sequences unique to that organism. Asara generated a set of theoretical collagen protein sequences. These were some of the kinds that might have been present around the time of T. rex. 

None of his dinosaur peptides matched the theoretical set. But this is not surprising. “If you're only finding seven sequences in T. rex, you're not going to find novel ones,” said Asara. 

He also tested mastodon bone, sent by Schweitzer, against a database of existing amino acid sequences and against mastodon theoretical sequences. He identified a total of 78 peptides, including four that were unique.

The team will get better at doing the extractions, Cantley said. And their instruments and techniques will improve. That means they will be able to get “much more extensive sequences” from ancient fossils. They should also get “novel sequences unique to that species, which will give us ideas about the relationship between species.” 

Still, it may be very rare fossils that are as well preserved as the T. rex and mastodon specimens analyzed in the current study. 

“Nature has to give you the opportunity to do this first,” Asara said.

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 agonise 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.)

Dinosaur drumsticks

Scientists have sequenced tiny pieces of protein from a 68 million-year-old Tyrannosaurus rex. The fragments seem to closely match those found in today’s chickens. This supports a recent theory that birds are descended from dinosaurs. 
Scientists at Harvard Medical School, Beth Israel Deaconess Medical Center and North Carolina State University did the research. They report in the April 13 issue of Science.

It is widely believed that birds evolved from dinosaurs, said John Asara. He is director of the mass spectrometer facility at Beth Israel Deaconess Medical School. “But that’s all based on the architecture of the bones.”

Asara sequenced the protein fragments – seven of them – over the course of a year and a half. His team used sensitive mass spectrometry methods. “This allows you to get the chance to say, ‘Wait, they really are related because their sequences are related.’” 

The researchers did not get enough sequences to definitely say that, he added. “But what sequences we got support that idea.”

In another study in the same issue of Science, researchers report that extracts of T. rex bone reacted with antibodies to chicken collagen. This further suggests the presence of birdlike protein in the dinosaur bones.

This work was done by Mary Schweitzer and colleagues at North Carolina State University.

The mere existence of such ancient protein contradicts a long-held belief. When an animal dies, protein begins to degrade immediately. It is slowly replaced by mineral when fossils form.

This process was thought to be complete in one million years. 

For centuries it has been believed that fossilisation destroyed any original material, said Schweitzer. She is also at the North Carolina Museum of Natural Sciences and is a co-author on the Asara study.

“Consequently no one looked carefully at really old bones.” 

That may now change, said Lewis Cantley. He is HMS professor of Systems Biology and BIDMC chief of Signal Transduction. He also took part in the study. 

“Basically, this is the breakthrough that says it’s possible to get sequences beyond one million years. At 68 million years, it’s still possible to get sequences.”

In addition to the seven dinosaur sequences, Asara and colleagues isolated and sequenced more than 70 protein fragments from a mastodon. This was 160,000-600,000 years old. That provides further evidence of the staying power of ancient protein.

There are important implications for handling newly discovered fossils, Asara said. Even with really old fossils people should avoid contamination. They should also “ensure that whatever is there gets well preserved because it can be interrogated.”

The scraps of dinosaur protein were obtained from a T Rex fossil femur. This had been discovered by John Horner, of the Museum of the Rockies, and colleagues in 2003. The location was Hell Creek Formation, a barren fossil-rich stretch of land that spans several states.

The scientists faced two challenges. The first was to gather enough protein to sequence. The bone extract was in the form of a gritty brown powder that had to be rid of contaminants. Asara purified the protein – identified as collagen – and broke it down into fragments, 10 to 20 amino acids long. He used techniques developed while working on the mastodon sample.

The peptides were passed over a liquid chromatography (LC) column. This separated them from one another. They were then sprayed at extremely low flow rates, for best sensitivity, into a mass spectrometer.

This measures the mass – specifically the mass-to-charge ratio – of peptides as they come off the LC column. To get the greatest possible yield, Asara used an ion-trap mass spectrometer. This captures and holds peptides. 

The collected peptides were measured for mass. In a second step, they were isolated and fragmented to reveal their amino acid sequence. Using this two-step procedure, Asara gained seven separate strings of amino acid.
He now faced his second challenge. This was to make sense of the amino acid sequences. Normally, when a sequence comes out of a mass spectrometer, it is compared to a database of existing amino acid sequences. Collagen is a protein that does not vary much with evolution. 

So it was highly likely that some of the dinosaur peptide sequences would match those of an existing species. Of the seven T. rex peptides, five were for a particular class of collagen protein – collagen alpha I. These were found to be matches to amino acid sequences in chicken collagen alpha I. 

For extinct species, the real goal is to find sequences unique to that organism. Asara generated a set of theoretical collagen protein sequences. These were some of the kinds that might have been present around the time of T. rex. 

None of his dinosaur peptides matched the theoretical set. But this is not surprising. “If you’re only finding seven sequences in T. rex, you’re not going to find novel ones,” said Asara. 

He also tested mastodon bone, sent by Schweitzer, against a database of existing amino acid sequences and against mastodon theoretical sequences. He identified a total of 78 peptides, including four that were unique.

The team will get better at doing the extractions, Cantley said. And their instruments and techniques will improve. That means they will be able to get “much more extensive sequences” from ancient fossils. They should also get “novel sequences unique to that species, which will give us ideas about the relationship between species.” 

Still, it may be very rare fossils that are as well preserved as the T. rex and mastodon specimens analysed in the current study. 

“Nature has to give you the opportunity to do this first,” Asara said.

Activity 5
Topics for group discussions, pupil presentations

1. Stories about scientists “sequencing” are almost always about DNA sequencing. But this story is different. It is about sequencing the products of DNA – the proteins. 

To help students get at the science of this story, they should research in groups in what ways DNA and protein sequencing are similar, and in what ways they are different. They should prepare and deliver a PowerPoint presentation on their findings.

2. Working in groups, students should research the two pieces of equipment used by Asara and his colleagues – the liquid chromatography column and the mass spectrometer. They should then prepare a presentation that explains: what these do, how they do it and very briefly what they were used for in the research described in this story.

 Links to free activities, resources and lessons

http://biology.clc.uc.edu/courses/bio104/protein.htm Proteins  are about half the dry weight of most cells, and are the most complex macromolecules known. Each protein has a unique structure and function. Includes nice amino acids interactive.

http://www.teachersdomain.org/resources/tdc02/sci/life/gen/proteinsynth/index.html Narrated animation of protein synthesis, starting with DNA, which is transcribed into messenger RNA, which leaves the nucleus and binds to a ribosome. Transfer RNAs then attach and build a polypeptide chain that folds into a protein. 

http://www.teachersdomain.org/resources/tdc02/sci/life/evo/lp_molecevid/index.html Learn how modern scientists can use a tool not available in Darwin's time: molecular evidence. Molecular biologists have uncovered genetic links between diverse animal species, providing new evidence of common ancestry.

http://www.pbs.org/wgbh/nova/trex/ Companion website to the NOVA program Curse of T. Rex, which follows the trail of legal and illegal fossil-dealing as the FBI tries to protect the best Tyrannosaurus rex specimen ever found from winding up on the shelves of a souvenir shop.

http://school.discovery.com/lessonplans/programs/dinosaursruled/index.html  When dinosaurs ruled the Earth from Discovery School. Students will understand: The age of the dinosaurs is called the Mesozoic age. It is divided into three periods, the Triassic, the Jurassic and the Cretaceous. Plants and animals on Earth differed during these three periods... 

http://www.ucmp.berkeley.edu/trex/trexpo.html “Building a free-standing mount of a forty-foot skeleton wasn't easy.”

http://www.teachersdomain.org/resources/ess05/sci/ess/earthsys/dinobones/index.html “The more we learn about dinosaurs the more fascinating they become. But how do we know they really existed? And how do we know so precisely when they lived? The fossilised dinosaur bones and tracks in this still collage produced for Teachers' Domain offer physical evidence – the foundation of all science – of the dinosaurs' existence.”

http://www.accessexcellence.org/AE/ATG/data/released/0089-JimWasielewski/ Lesson from a teacher designed to give students a different way of looking at genetics and biotechnology. “After reading the novel “Jurassic Park” by Michael Crichton, I decided to incorporate the ideas of the novel into my genetics unit. Crichton is a graduate of Harvard Medical School and does an exceptional job of blending science and suspense; a perfect blend for any high school science student.”

http://school.discovery.com/lessonplans/programs/dinosaurdetectives/ Dinosaur Detectives from Discovery School. Students will: Understand that discoveries about dinosaurs have a long history and that each palaeontologist adds his or her work to a body of fossil evidence used to support theories about dinosaurs. Find out that palaeontologists often support one theory over another until additional fossil evidence …”

http://pubs.usgs.gov/gip/dinosaurs/ “The study of dinosaurs stretches our imaginations, gives us new perspectives on time and space, and invites us to discover worlds very different from our modern Earth.” Questions and answers from US Geological Survey.


Links to more links

http://www.dinosauria.com/jdp/jdp.htm Archaeopteryx, ancient birds, and dinosaur-bird relationships

http://www.pbs.org/wnet/dna/teachers/index.html Lesson plans and activities for teachers based on DNA series from PBS. 

Daily tip for science class discussions and groupwork

“Essentially, it is important for children to understand that science is a process of rationalisation and that observations do not lead to self-evident conclusions. In order to appreciate the origins of scientific knowledge, children need to explore some of the reasons why accepted ideas have become established and why alternative theories are considered to be ‘wrong’. Moreover they need to experience the kinds of argument that would help to establish scientific theories, through engaging in activities that invite them to evaluate the evidence that might be used in such arguments.”

Simon, S. and Maloney, J. (2007) Activities for promoting small-group discussion and argumentation. School Science Review,  88 (324), pp. 49-57
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