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Features - Science - This is the molecule that maketh man Researchers have revealed the workings of a machine - the ribosome - that helps turn genes into flesh and blood. Roger Highfield reports. 

WITHIN each of your cells, the molecular equivalent of a tape player is ceaselessly translating your genetic code. When this complex molecule was first glimpsed under an electron microscope, it looked somewhat inconsequential. 

But the talents of this tiny blob put the best efforts of scientists to shame. While boffins clutter their lab benches with equipment to falteringly manipulate and study genetic code, this tiny machine - measuring one millionth of an inch across - routinely helps turn genes into flesh and blood. 

The machine is called the ribosome and scientists have now glimpsed it in action to reveal how, within every cell, tens of thousands work with mind-boggling precision. Armies of them toil in all living things, creating large molecules called proteins that build and operate cells: some catalyse chemical reactions, others send signals, act as hormones, even squeeze muscles. 

Study the ribosomes of a bacterium or a bird and you find that they look similar. This is because Mother Nature is parsimonious. Once she develops a way to do a tricky job, she tends to use it throughout the living world. 

Something very similar to our own ribosomes was at work in the very first single-celled organism. These machines have been minting proteins since the dawn of life four billion years ago and understanding how they work is one of the great challenges of molecular biology. 

As one scientist wrote in the journal Science, the new research is "like uncovering an ancient drawing, depicting in exquisite detail a universal mechanism for one of the original steps in the evolution of life." 

There are three key molecular players in cells. The best known is the chainlike DNA molecule which contains the instructions to make proteins, the second player. RNA, thought to be DNA's ancestor, is the third player and acts as an intermediary between the two. 

Biologists have known for decades the choreography of protein manufacture, albeit in broad outline. The ribosome needs two things: a messenger RNA molecule, which has copied the instructions for making a protein from the storehouse of DNA genetic information in the cell. 

To turn messenger RNA code into protein, the ribosome also needs a second type of RNA - transfer RNA - which carries on its back the building blocks of proteins, called amino acids. 

The ribosome works like a tape reader: threaded through it is the chainlike messenger RNA, a sequence of four chemical "letters" (A, G, C, or U) that spells out the recipe of a protein. The ribosome reads this sequence, three letters at a time, and matches it to three letters on each transfer RNA, lining up their cargo of amino acids in the proper order. The ribosome then stitches together the amino acids with chemical bonds to make the protein. 

Looking through an electron microscope, one can make out the shape of a ribosome and see it bend and deform as it works. X-rays can even reveal its component atoms. To do this, the ribosomes are grown into crystals, so that millions are arranged in an orderly way for study with intense sources of X-rays. Because X-rays cannot be focused, the crystals scatter them to form patterns of dots. Sophisticated software is needed to make a "virtual lens" that can form an atomic picture. 

A breakthrough came two decades ago, when Prof Ada Yonath in Israel collaborated with Heinz Gunther Wittmann in Berlin to grow crystals from bacterial ribosomes. After decades of effort, the ribosome has become the biggest molecule to have an X-ray portrait. 

The ribosome now looks more of a factory than a machine. Each one is composed of three different RNA molecules and more than 50 different proteins. In the watery interior of the cells, these pieces form two parts, called the 30S and the 50S subunits, which drift apart and together during its operation. 

The small 30S unit is the "brain" of the ribosome, which reads the genetic code; the bigger 50S is its "heart", where proteins are made. How do all the ingredients know how to be in the right place at the right time? They are buzzing around the cellular soup fuelled by heat energy so that any participants in a molecular process are bound to bump into each other. 

Last year, a team led by Profs Thomas Steitz and Peter Moore of Yale University took a picture of the heart at 2.4 angstrom resolution (an angstrom is about the length of an atom - there are 10 billion in a metre). 

The team wanted to understand why ribosomes are not like other molecular machines, which are made only of proteins: because the ribosome is two-thirds RNA and one-third protein, the Yale team thought that the answer to this question may shed light on the origins of life. 

Life is thought by many to have started with RNA code because it is more flexible than DNA, being able to both store genetic information and catalyse chemical reactions to make other molecules. RNAs that catalyse reactions have been found - dubbed ribozymes - and scientists suspected the 50S heart was one too. 

The image taken by Prof Steitz revealed why the ribosome's RNA does not work without its protein. Tentacles of protein intermingle with the RNA to bend it into the right shape for it to operate. The study proved that the RNA is indeed the catalytic element that assembles the growing protein: the ribosome is a ribozyme. 

The structure also provides insights into how the ribosome might have evolved, perhaps as a simpler machine that could dash off short proteins, said Prof Steitz. Later that year, the brain was seen in atomic detail by Prof Yonath, and independently by Dr Venki Ramakrishnan at the home of molecular biology in Cambridge, where studies of DNA were pioneered half a century ago by Watson and Crick. 

Dr Ramakrishnan's team at the Medical Research Council's Laboratory of Molecular Biology recently reported that it has now cracked the 30S structure, together with the messenger RNA and its transfer RNA, freezing the moment in the ribosome where the genetic code begins its translation into amino acids. 

The team has revealed the secret of the brain's "acceptor site": the part of the 30S subunit that recognises and monitors the accuracy of the match between messenger and transfer RNAs. 

In the cellular soup, every transfer RNA docks with messenger RNA. Somehow the ribosome must discourage bad matches and encourage good ones, revealed when the "letters" of code of transfer and messenger RNAs twist into a double helix. 

Details of the brain show how the ribosome enforces the pairing of the first two letters of RNA code: molecules flip out - each like the stylus of a record player - to "feel" for a groove in the double helix of well-matched RNAs and check the code is read with high fidelity. 

A "wobble" makes this mechanism less stringent in checking the third of the group of three letters that corresponds to a protein building block. This is consistent with the observation that a single transfer RNA - and thus its amino acid - can match up with a three-letter code on messenger RNA in which the third letter can have more than one possibility. 

This year, Prof Harry Noller of the University of California, Santa Cruz, pictured the entire ribosome, shown here, revealing how the ribosome's brain and heart bind to each other, as molecular bridges form and fall, during its operation. 

This way, the ribosome ratchets RNAs laden with amino acids through its heart at a rate of 15 per second and co-ordinates how they are linked with the growing protein. "The ribosome must have moving parts to work. We are now in a position to understand the structural rearrangements of the ribosome during protein synthesis," said Prof Noller. 

This work has practical significance because many antibiotics work by disrupting bacterial ribosomes, though the details are not well understood. Bacterial and human ribosomes are similar, but sufficiently different for antibiotics to bind to and block bacterial ribosomes more effectively than they do human ribosomes. 

The Cambridge team has snapped the 30S brain with half a dozen antibiotics, including tetracycline and streptomycin. Recently, it took pictures with and without the antibiotic paromomycin to show how the drug could induce a ribosome to make a "mistake". The resulting incorrectly-made proteins would not work and this investigation will help determine how an increased error rate can kill a bacterium. 

Dr Ramakrishnan explained: "As biologists, we are fascinated by these results because of their fundamental importance in understanding how the genetic code gets translated into proteins. 

"However, pharmaceutical and biotech companies are keenly interested because this research not only shows how many known antibiotics work, but also helps us to understand the basis of certain kinds of resistance. This will hopefully allow us to design new antibiotics that can overcome the growing world-wide problem of resistance."

