From http://www.dnai.org/a/index (putting it together)

When the RNA copy is complete, it snakes out into the outer part of the cell. Then in a dazzling display of choreography, all the components of a molecular machine lock together around the RNA to form a miniature factory called a ribosome. It translates the genetic information in the RNA into a string of amino acids that will become a protein. Special transfer molecules — the green triangles — bring each amino acid to the ribosome. The amino acids are the small red tips attached to the transfer molecules. There are different transfer molecules for each of the twenty amino acids.  Each transfer molecule carries a three letter code that is matched with the RNA in the machine. Now we come to the heart of the process. Inside the ribosome, the RNA is pulled through like a tape. The code for each amino acid is read off, three letters at a time, and matched to three corresponding letters on the transfer molecules. When the right transfer molecule plugs in, the amino acid it carries is added to the growing protein chain. Again, you are watching this in real time. And after a few seconds the assembled protein starts to emerge from the ribosome. Ribosomes can make any kind of protein. It just depends what genetic message you feed in on the RNA. In this case, the end product is hemoglobin. The cells in our bone marrow churn out a hundred trillion molecules of it per second! And as a result, our muscles, brain and all the vital organs in our body receive the oxygen they need.

Objectives of the labwork

Method objectives : 

· recognize the basic question being addressed by a scientific investigation

· learn to read through a description of an investigation and select the evidence that answers the addressed question

· appreciate the contribution each scientist made to understanding a problem

· understand that scientists work together to solve problems

Knowledge objectives :

· defining the genetic code

· knowing the steps of deciphering a genetic information (from DNA to protein)

· understanding the link mutation in DNA / change in the protein sequence

Technique objective :

· be skilled in using the genetic code chart

Strategies to reach these objectives

The pieces of the puzzle (basic path)

The players (more demanded in English but more open-minded way of searching clues)

The pieces of the puzzle
The genetic code (mathematical thought)

Once the DNA double helix had been discovered, the next big challenge was to work out how the four letters of DNA could code for each of the twenty amino acids that make protein. The first question was how many DNA letters coded for each amino acid? If it was one DNA letter for one amino acid then you could only code for a maximum of four amino acids. Two letters in every possible combination could code for up to sixteen amino acids. Still, not enough. But three DNA letters provide more than enough combinations to code for all twenty amino acids. So three was the answer. It was a triplet code.

Reformulate the idea (= how do you understand that ?)

Breaking the code (experimental work)

Draw a sketch of the different steps of the experiment (back of this page)

Complete the following document (extracted from the site)

[image: image1.png]2 DNA Interactive - Wanadoo
Fichier Edition Affichage Favoris Outis 7

Qrrécedente ~ () %] ] @) @ Orechercher Jeravors @veda €2

Adresse | €] http:/fwww.dnai.org/ajndex Bok Lems >
Google Envoyer ¢ & & Ef v | ¥ Mes favorisw 1627 bloquée(s) % Orthographe ~ (s Ervoyer av @ Paramétres~
Rechercher ~ 3~ 4~ | i Tradure - [ Ouvrir sesson (3 Y!Mal €3 Questions/Réporises ~ Volet d'exploration ! Messeng... - i

ading the Code . L Players | piecesofthepuzzle | puttingittogether

Use these clues to figure out how to read the DNA

Using RNA templates containing different nucleotide combinations, about
50 tripet codons were assigned to thelr respective amino acids,

T o]

Piece of the puzzle

Breaking the code . E:iz"- ccc

Marshall Nirenberg and Heinrich o | ;
Matthaei used paly-U mRNA in a cell- TRyl

free system to make a R

polyphenylalanine protein chain. This : ;
showed that UUU must be the code - I R

ETET

that specifies the amino acid

phenylalanine. : :

E=

Funded by Tutorial | Feedback | Credits |

HEH

@ Internet:

is demarrer | |@




The other codons (information and animation display)

Click on the arrow till you reach the screen displaying “So to put this all together : within the nucleus …”

Complete the story when viewing the animation

Whenever you fill skilled to decipher a genetic information, go to http://gslc.genetics.utah.edu/units/basics/transcribe/
Propose a method (procedure) to decipher a genetic information (when you have a portion of DNA and a code chart)

The players

The story of discoveries

· Sydney Brenner

(script of the screens : 

South African native acknowledged to be one of the brightest thinkers in the field.  After solving the RNA problem, he continued to bring ideas and people together.

I think if you'd been in science and you wondered how on earth, you know, are we ever going to get to the bottom of this, what is the guiding concept, I think the most important thing there was that immediately you could say, boy if we could find out how the sequence of bases corresponds to the sequence of amino acids, because now we could define the gene not just as a blob, not just as a bead on a string, but we could define the gene now as a length of DNA.  And that's also very important to recognize what Seymour Benzer showed roughly at the same time, perhaps a year later, was that he changed the idea of mutation being just something, you know, that deformed the blob if we could say, into something that was a precise change at a certain position.  In other words, he, if you like it, he was able to show that the scale over which mutation took place was at the molecular scale of the structure of the DNA.)

(Questions which can be used to understand the process :

Where is he from ?

What were his skills ?

What question did he ask in « defining the gene » ? (watch the interview)

What is consequently the proposed definition of « gene » ?)

Propose the brick of Sydney Brenner to the understanding of the genetic code
· Marshall Nirenberg

Talking of George Gamov

(script of the screens : 

George Gamow was a physicist who became interested in biology after reading Watson and Crick's 1953 paper on DNA structure. Marshall Nirenberg talks about Gamow's theories on the code.

He told me that he went down to his driveway to the mailbox to pick up the mail, and picked up that issue of Nature that contained Watson and Crick's article on the helical nature of DNA. And he read it while he was standing at the mailbox with one arm on the mailbox, and immediately thought that three bases in DNA corresponded to one amino acid, there are four kinds of bases in DNA, twenty kinds of amino acids in protein.  And so, taking them three at a time there are 64 possible combinations of the three bases.)
Watch the interview « a possible code” and click on “learn more”
(Question which can be used to understand the process : What was Gamov’s hypothesis ?)

Suggest the brick of George Gamov to the understanding of the genetic code
The collaboration between scientists of different fields

· Watch Sydney Brenner “code analogies”
(script : So, many people have been interested in all of these ideas of codes and so on, and where did they all come from. Now I think a lot of the thinking about a code was conditioned on thinking about the Morse code, which those of us who had been Boy Scouts had to learn, you know, dot-dot-dot, dash-dash-dash, dot-dot-dot, SOS.  So we thought of really a table and there'd be symbols on one side and they would stand for what I think was more, was a wider thing because that's just the table that, which you go from the elements of one language into the elements of, if you like, a dictionary.  But the idea of encoding information, that I think had to come from the idea of computers.)
· Watch Marshall Nirenberg “proving it was polyphenylalanine” and learn more in “breaking the code”
(script : Having made phenylalanine using poly-U mRNA, Marshall Nirenberg still had to prove it.  He talks about how he did this with help from a fellow scientist – Michael Siler.

And he just looked at me, first he asked why do you want to know, so I told him what we had found. And then he said, I don't know much, he says, but I can tell you two things: polyphenylalanine, he says, is extremely insoluble, it doesn't dissolve in many solutions, but it does dissolve in fifteen percent concentrated acetic acid dissolved in hydrobromic acid. You know, I looked at him in astonishment, because I'd never heard of a solvent like that. And he said I've just made up this reagent, he says, do you want some?  And of course, you know, I took it with great gratitude, what I didn't know, and I didn't find out until about ten years later, was that he was the only person in the world who knew that polyphenylalanine was, would dissolve in that solvent, because he had made a mistake one time a few months earlier.)
· Watch Har Gobind Khorana “Finishing the code”
(script : Unassuming and modest, Khorana avoided the limelight. Rewards came from a job well-done.

Marshall Nirenberg talks about Gobind Khorana, who synthesized many of the triplets needed to finish the decoding process.

Gobind Khorana is, was at that time the, one of the world's best organic chemists working in the field of nucleic acids, highly experienced and superbly equipped to do this.  He synthesized the 64 triplets chemically and he also synthesized repeating polymers with known doublets, repeating doublets or triplets as well, and towards the end he used them all to determine nucleotide sequences also.  So between the two labs, he used the ribosome binding assay that we had established and between the two labs we determined all of the nucleotide sequences of RNA codons.)
Report the bases of the collaboration : the actors, their fields, their skills ...

The germination of an idea, the context of a discovery

Watch Marshall Nirenberg “making a decision”, “a possible code”
Watch Har Gobind Khorana “Finishing the code”

Report these contexts

End of the story ? 

New skills for XXI century students 

Go to http://gslc.genetics.utah.edu/units/basics/transcribe/ 

But always unanswered questions 

Watch the interview « the origine of the code »

(script : There are still 5 DNA code questions that, according to Niremberg, are still unanswered :

The code is as old as, almost as old as, the first forms of life that originated.  Now there's one problem that has never been answered in the code, that still is unanswered that maybe somebody will, who's listening to this will be able to solve, and that is how did the code originate.  Why is there a reason why U, U, U codes for poly... for phenylalanine, could it be a different codon, is there a physical reason for the code?  One thing I noticed early on was that chemically similar amino acids have chemically similar codons and this is very, very evident and one consequence of this is that a mutation that changes a single base, for example, the effects of this mutation and this amino acid replacement will be minimized if you replace one amino acid by a chemically similar amino acid.  And I pointed this out, but nobody really has yet explained the, this underlying order that exists in the code.  Did the code evolve from a series of precursor codes? Nobody really knows. Or was it a, a rare, one rare event that occurred, and then was maintained throughout evolution? So I would say the code, you know, is hundreds of millions of years, maybe billions of years old and the code originated as life, as life originated.)

