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Partitioning 









proteins 









Kersten Hall 









I 









n 2016, scientists analysing data from a mass spectrometer on 









board the 



Rosetta 



space probe (see CHEMISTRY REVIEW, Vol. 12, 









No. 3, pp. 22–25) found something remarkable. Within the 









dusty atmosphere of a distant comet, around which 



Rosetta 



had 









been orbiting for the past 2 years, the probe had detected traces 









of an organic compound called glycine (Figure 1). 









The reason that the discovery of this simple compound 









(C2H5NO2) set pulses racing was because it is one of the 20 











This article links to the following topics in the 



AQA, 



Edexcel, 



OCR, 









WJEC, 



CCEA, 



SQA 



and 



IB Diploma 



exam specifications: 









• 



amino acids and proteins 









• 



DNA 









• 



how science works 









• 



hydrogen bonding 









• 



partition chromatography 









• 



X-ray crystallography/diffraction 









Exam links 









different 



amino acids 



that are the building blocks of proteins 









(see CHEMISTRY REVIEW, Vol. 25, No. 2, pp. 14–15). Proteins are 









enormous 



macromolecular 



structures that act as the molecular 









X-ray diffraction pattern of iridium 









R 









H 



2N 









H 









COOH 









NH 



2 









OH 









O 









(a) 









(b) 











Figure 1 (a) 



The generalised structure of an 



α-amino 



acid. 









(b) The 



structure of glycine, which has a hydrogen as its R-group 













Box 1 



X-ray crystallography 









X-ray crystallography uses the diffraction of X-rays to determine the 









spatial arrangement of atoms and molecules in a crystal (Box 2). 









It was invented in 1913 by the physicist William Bragg and his son 









Lawrence when they first learned that the German physicist Max 









von Laue and his co-workers Walther Friedrich and Paul Knipping 









had demonstrated that X-rays could be diffracted when passing 









through a crystal. This inspired William Bragg to construct the X-ray 









spectrometer, a device that allowed the precise measurement of the 









angle and intensity of the diffracted X-rays. 









Lawrence Bragg realised that by the application of a certain 









mathematical treatment, the spatial arrangement of atoms in the 









crystal could be deduced from the pattern made by the scattered 









X-rays. In 1915, the Braggs were jointly awarded the Nobel prize in 









physics ‘for their services in the analysis of crystal structure by means 









of X-rays’. 









William Bragg’s protégé, William Astbury, pioneered the application 









of this method to reveal the three-dimensional structure of biological 









fibres, such as the keratin protein in wool. Twenty-eight Nobel 









prizes have since been won using this method and it has allowed us 









to solve the three-dimensional structures of biologically important 









macromolecules such as penicillin, insulin and DNA. 














The blobs that won a Nobel prize 













The chemical analysis of wool fibres might not seem a likely candidate for 









a Nobel prize, but two young chemists working in this field developed a 









technique that would revolutionise our understanding of protein structure 
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workhorses of living systems, carrying out a vast array of 









essential functions, such as in roles as 



enzymes 



and 



hormones. 









But how do amino acids come together to form proteins? By 









the late 1920s and early 1930s, X-ray crystallographic studies 









(Box 1) by a team of researchers in Germany and the physicist 









William Astbury at the University of Leeds had shown that 









textile fibres, such as silk and wool, were made of long chains 









of amino acids joined together by a type of covalent linkage 









called a 



peptide bond. 



However, this raised a new question: 









were the amino acids that formed these chains arranged in any 









particular order? 









Bergmann–Niemann hypothesis 









William Astbury believed that he had an answer to this 









question. His X-ray and chemical studies of the protein gelatin 









(see CHEMISTRY REVIEW, Vol. 8, No. 4, p. 34) suggested that every 









third position along the polypeptide chain was occupied by a 









glycine residue. Meanwhile, in the USA, two chemists called 









Max Bergmann and Carl Niemann at the Rockefeller Institute 









had also been studying the amino acid composition of various 









proteins, and come to a stunning conclusion. 









In what came to be known as the 



Bergmann–Niemann 









hypothesis, 



Bergmann and Niemann proposed that the order 









of particular amino acids in a protein chain was determined 









by a mathematical law. For a physicist like Astbury, the idea 









that beneath the apparent messiness of biology there lay a 









mathematical order at the molecular level was a very exciting 









prospect. 









However, not everyone was convinced. One critic of 









Bergmann and Niemann’s hypothesis was a young PhD student 









at the University of Cambridge called Richard Synge. The subject 









of Synge’s research was the chemical analysis of wool fibres, and 









while this might at first glance seem unlikely to set the scientific 









world on fire, it would ultimately transform our understanding 









of biology. 









Partitioning of amino acids 









As one of the main raw materials for the textile industry, research 









into wool was of great economic importance. The aim of Synge’s 









work was to find a way of analysing the different amino acids 









that made up keratin, the major protein component of wool. 









The challenge was to find an accurate method of analysis. 









Synge felt that the methods used by Bergmann and Niemann, 









The 



Rosetta 



probe detected traces 









of glycine around a distant comet 













Box 2 



Diffraction 









When a wave motion passes through a gap that is of the same order 









(i.e. a similar size) as its wavelength, it spreads out or 



diffracts. 



At 









certain angles, the diffracted wavefronts will cancel each other out, 









while at others they will reinforce each other, resulting in what is 









known as an 



interference pattern. 









In 1804 the scientist Thomas Young published results showing 









that when visible light was passed through a narrow slit, it gave rise 









to an alternating pattern of bright and dark bands resulting from 









interference of the diffracted waves. Young used this observation to 









argue that visible light was comprised of waves. 









Single-slit diffraction 









D 









In 1912 von Laue, Friedrich and Knipping observed the same 









effect when a beam of X-rays was passed through a crystal. In this 









case the atoms of the crystal act as a three-dimensional diffraction 









grating and the resulting interference pattern made by the diffracted 









X-rays can be observed as a distinct pattern of black spots on a 









photographic film (or can be recorded digitally). 
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which were based on precipitating amino acids as insoluble 









salts, were too unreliable. So he began exploring an alternative 









approach to separation, which used the 



partitioning 



of amino 
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