Revolutionary analytical methods for biomolecules 

Why study biological macromolecules?

All living organisms – bacteria, plants and animals – contain the same types of large molecules, macromolecules, which are responsible for what we call life. Events in the cells are controlled by nucleic acids (such as DNA) that may be termed the cells' "directors", while the various proteins are the cells' leading actors. Each protein has a biological function that may vary with its environment. The protein haemoglobin, for example, transports oxygen to all the cells in the body.

Protein research itself is not new, but proteomics, i.e. studies of how different proteins and other substances act together in the cell, is a relatively new field of research that has grown enormously in the past few years. As the gene sequences of more and more organisms have been mapped and the research frontier has advanced, new questions have cropped up: how can it be that man's 30,000-or-so genes code for hundreds of thousands of different proteins? What happens if a gene is damaged or is missing? How do diseases such as Alzheimer's or mad cow disease originate? Can the new chemistry be used to diagnose and treat more quickly the diseases that are threatening mankind?

Fenn's contribution – hovering through spraying
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During 1988 John B. Fenn published two articles that were to mean a breakthrough for mass spectrometry with "electrospray" for macromolecules. In the first, studies of polyethylene glycol molecules of unknown mass showed that the method could handle large molecule masses with high charges. The second publication reported the use of the method on medium-sized whole proteins as well. The release of ions is achieved by spraying the sample using an electrical field so that charged droplets are formed. As the water gradually evaporates from these droplets, freely hovering "stark naked" protein molecules remain. The method came to be called electrospray ionisation, ESI.

As the molecules take on strong positive charges, the mass/charge ratio becomes small enough to allow the substances to be analysed in ordinary mass spectrometers. Another advantage is that the same molecule causes a series of peaks, since each can take up a varying number of charges. While this complicates the pattern, at first confusing the researchers, it also gives information that makes identification easier.

Tanaka's contribution – hovering through blasting
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At the same time exciting things were happening in another part of the world. At the Japanese Shimadzu instrument company in Kyoto, a young Japanese engineer, Koichi Tanaka, reported an entirely different technique for the first critical stage. At a symposium in 1987 and a year later in print, Tanaka showed that the protein molecules could be ionised using soft laser desorption (SLD). A laser pulse strikes the sample which, unlike in the spray method, is in a solid or viscous phase. When the sample takes up the energy from the laser pulse it is "blasted" into small bits. The molecules let go of one another, released as intact hovering molecule ions with low charge which are then accelerated by an electrical field and detected as described above by recording their time of flight. Tanaka was the first to demonstrate the applicability of laser technology to biological macromolecules. The principle is fundamental for many of today's powerful laser desorption methods, particularly the one abbreviated MALDI (Matrix-Assisted Laser Desorption Ionisation) but also SELDI (Surface Enhanced Laser Desorption Ionisation) and DIOS (Direct Ionisation on Silicon). 

Applications of mass spectrometry

Both electrospray ionisation (ESI) and soft laser desorption (SLD) have many areas of application. The sophisticated biochemical analyses now possible were but dreams a few years ago. Interactions between proteins are very important to study in order to understand the signal systems of life. Such non-covalent biomolecule complexes can be examined with ESI. The method is superior to other methods in the rapidity, sensitivity and identification of the actual interaction. Mass spectrometric analytical methods are relatively cheap, enabling them to spread quickly to laboratories all around the world. Today soft laser desorption (in the form of MALDI) and electrospray are standard methods for structure analyses of peptides, proteins and carbohydrates which make it possible to quickly analyse the protein content of intact cells and living tissue. The following examples of current fields of research gives a picture of the application versatility generated by this year's Nobel Prize. Applications include:

Pharmaceuticals development

The early phase of pharmaceuticals development has undergone a paradigm shift. Combined with fluid separation, ESI-MS has made it possible to analyse several hundreds of compounds per day.

Malaria

Scientists have recently discovered new ways of studying the spreading of malaria. Early diagnosis is possible thanks to the soft laser desorption method. The oxygen-bearing part of human haemoglobin is used here to absorb the energy of the laser pulse.

Ovarian, breast and prostate cancer

New methods for early diagnosis of different forms of cancer have been reported at a rapid rate during the past year. By having a surface that cancer cells adhere to – and then analysing this with soft laser desorption – chemists can discover cancer faster than doctors can.

Foodstuff control

ESI technology has also made progress for small molecules. During the past few months we have learned that preparation of the food we eat can give rise to a number of substances hazardous to health, e.g. acrylamide which can cause cancer. With mass spectrometry, food is analysed rapidly at various stages of production. By modifying the temperature and the ingredients, the harmful substances can be avoided or minimised.

Questions:
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(a) Refer to the following schematic diagram for a traditional mass spectrometer for the determination of atomic masses, 

label parts A to E and briefly explain the function of each part.

(b) Give two reasons why such kind of mass spectrometer cannot be used to determine the molecular mass of biomolecules.

(c) Name the two parts in the traditional mass spectrometer which were replaced by electrospay ionization (ESI) technique. Explain why such a technique can be used to study biological macromolecules.

(d) Name the two parts in the traditional mass spectrometer which were replaced by soft laser desorption (SLD) technique. Explain why such a technique can be used to study biological macromolecules.

(e) State two advantages of applying ESI and SLD techniques in Mass Spectrometer to study biological macromolecules.

(15 marks)
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