The leader of the team assigned her to work on DNA with a graduate student. Franklin's assumption was that it was her own project. The laboratory's second-in-command, Maurice Wilkins, was on vacation at the time, and when he returned, their relationship was muddled. He assumed she was to assist his work; she assumed she'd be the only one working on DNA. They had powerful personality differences as well: Franklin direct, quick, decisive, and Wilkins shy, speculative, and passive. This would play a role in the coming years as the race unfolded to find the structure of DNA. 

Franklin made marked advances in x-ray diffraction techniques with DNA. She adjusted her equipment to produce an extremely fine beam of x-rays. She extracted finer DNA fibers than ever before and arranged them in parallel bundles. And she studied the fibers' reactions to humid conditions. All of these allowed her to discover crucial keys to DNA's structure. Wilkins shared her data, without her knowledge, with James Watson and Francis Crick, at Cambridge University, and they pulled ahead in the race, ultimately publishing the proposed structure of DNA in March, 1953.

The strained relationship with Wilkins and other aspects of King's College (the women scientists were not allowed to eat lunch in the common room where the men did, for example) led Franklin to seek another position. 

	




	

	Rosalind Franklin 


In 1962 James Watson (1928– ), Francis Crick (1916– ), and Maurice Wilkins (1916– ) jointly received the Nobel Prize in medicine or physiology for their determination in 1953 of the structure of deoxyribonucleic acid (DNA). Because the Nobel Prize can be awarded only to the living, Wilkins's colleague Rosalind Franklin (1920–1958), who died from cancer at the age of thirty-seven, could not be honored. 

The molecule that is the basis for heredity, DNA, contains the patterns for constructing proteins in the body, including the various enzymes. A new understanding of heredity and hereditary disease was possible once it was determined that DNA consists of two chains twisted around each other, or double helixes, of alternating phosphate and sugar groups and that the two chains are held together by hydrogen bonds between pairs of organic bases—adenine (A) with thymine (T) and guanine (G) with cytosine (C). Modern biotechnology also has its basis in the structural knowledge of DNA—in this case the scientist's ability to modify the DNA of host cells that will then produce a desired product, for example, insulin. 

	



	

	James Watson and Francis Crick 

To request permission to use this photo, please visit the Science Photo Library Web site at http://www.sciencephoto.com/. 


The background for the work of the four scientists was formed by several scientific breakthroughs: the progress made by X-ray crystallographers in studying organic macromolecules; the growing evidence supplied by geneticists that it was DNA, not protein, in chromosomes that was responsible for heredity; Erwin Chargaff's experimental finding that there are equal numbers of A and T bases and of G and C bases in DNA; and Linus Pauling's discovery that the molecules of some proteins have helical shapes—arrived at through the use of atomic models and a keen knowledge of the possible disposition of various atoms. 

	



	

	Maurice Wilkins 


Already at work at King's College was Maurice Wilkins, a New Zealand–born but Cambridge-educated physicist. As a new Ph.D. he worked during World War II on the improvement of cathode-ray tube screens for use in radar and then was shipped to the United States to work on the Manhattan Project. Like many other nuclear physicists he became disillusioned with his subject when it was applied to the creation of the atomic bomb; he turned instead to biophysics, working with his Cambridge mentor, John T. Randall—who had undergone a similar conversion—first at the University of St. Andrews in Scotland and then at King's College, London. It was Wilkins's idea to study DNA by X-ray crystallographic techniques, which he had already begun to implement when Franklin was appointed by Randall. The relationship between Wilkins and Franklin was unfortunately a poor one and probably slowed their progress. 

Meanwhile, in 1951 twenty-three-year-old James Watson, a Chicago-born American, arrived at the Cavendish Laboratory in Cambridge. Watson, who had two degrees in zoology: a bachelor's degree from the University of Chicago in zoology and a doctorate from the University of Indiana, where he had become interested in genetics. He worked under Salvador E. Luria on bacteriophages, the viruses that invade bacteria in order to reproduce—a topic for which Luria received a Nobel Prize in medicine in 1969. Watson then went to Denmark for postdoctoral work—to continue studying viruses and to remedy his relative ignorance of chemistry. At a conference at the Zoological Station at Naples, Watson heard Wilkins talk on the molecular structure of DNA and saw his recent X-ray crystallographic photographs of DNA—and was hooked. 

Watson soon moved to the Cavendish Laboratory. There several important X-ray crystallographic projects were in progress under William Lawrence Bragg's leadership, including Max Perutz's investigation of hemoglobin and John Kendrew's study of myoglobin—a protein in muscle tissue that stores oxygen. (Perutz and Kendrew received Nobel Prizes in chemistry for their work in the same year that the prizes were awarded to the DNA researchers—1962.) Working under Perutz was Francis Crick, who had earned a bachelor's degree in physics from University College, London, and had contributed to the development of radar and magnetic mines during World War II. Crick, another physicist in biology, was supposed to be writing a dissertation on the X-ray crystallography of hemoglobin when Watson arrived, eager to recruit a colleague for work on DNA. Inspired by Pauling's success in working with molecular models, Watson and Crick rapidly put together several models of DNA and attempted to incorporate all the evidence they could gather. Franklin's excellent X-ray photographs, to which they had gained access without her permission, were critical to the correct solution. The four scientists announced the structure of DNA in articles that appeared together in the same issue of Nature. 

Early next year, scientific institutions in the United States and Great Britain will mark the 50th anniversary of one of the greatest discoveries in science. In April of 1953, James Watson, Francis Crick and Maurice Wilkins identified the substance of life -- the structure of DNA. 

They later shared a Nobel Prize. Their discovery depended heavily on the work of a woman, chemist Rosalind Franklin, whose research was used without her knowledge or permission. Watson's memoir of the discovery dismisses Franklin as frumpy, hostile and unimaginative. A later work by a friend casts Franklin as a feminist icon, cheated of recognition.

It was in Randall's lab that she crossed paths with Maurice Wilkins. She and Wilkins led separate research groups and had separate projects, although both were concerned with DNA. When Randall gave Franklin responsibility for her DNA project, no one had worked on it for months. Wilkins was away at the time, and when he returned he misunderstood her role, behaving as though she were a technical assistant. Both scientists were actually peers. His mistake, acknowledged but never overcome, was not surprising given the climate for women at Cambridge then. Only males were allowed in the university dining rooms, and after hours Franklin's colleagues went to men-only pubs. 

But Franklin persisted on the DNA project. J. D. Bernal called her X-ray photographs of DNA, "the most beautiful X-ray photographs of any substance ever taken." Between 1951 and 1953 Rosalind Franklin came very close to solving the DNA structure. She was beaten to publication by Crick and Watson in part because of the friction between Wilkins and herself. At one point, Wilkins showed Watson one of Franklin's crystallographic portraits of DNA. When he saw the picture, the solution became apparent to him, and the results went into an article in Nature almost immediately. Franklin's work did appear as a supporting article in the same issue of the journal. 

A debate about the amount of credit due to Franklin continues. What is clear is that she did have a meaningful role in learning the structure of DNA and that she was a scientist of the first rank. Franklin moved to J. D. Bernal's lab at Birkbeck College, where she did very fruitful work on the tobacco mosaic virus. She also began work on the polio virus. In the summer of 1956, Rosalind Franklin became ill with cancer. She died less than two years later.

The technique with which Rosalind Franklin set out to do this is called X-ray crystallography. With this technique, the locations of atoms in any crystal can be precisely mapped by looking at the image of the crystal under an X-ray beam. By the early 1950s, scientists were just learning how to use this technique to study biological molecules. Rosalind Franklin applied her chemist's expertise to the unwieldy DNA molecule. After complicated analysis, she discovered (and was the first to state) that the sugar-phosphate backbone of DNA lies on the outside of the molecule. She also elucidated the basic helical structure of the molecule. 

After Randall presented Franklin's data and her unpublished conclusions at a routine seminar, her work was provided - without Randall's knowledge - to her competitors at Cambridge University, Watson and Crick. The scientists used her data and that of other scientists to build their ultimately correct and detailed description of DNA's structure in 1953. Franklin was not bitter, but pleased, and set out to publish a corroborating report of the Watson-Crick model. 

Franklin's photos provided hard evidence for the double-helix structure of DNA, the molecular carrier of inherited information. She was the first to recognize that the sugar and phosphate chains of DNA were on the outside of the molecule, not in the inside. She also recognized the helical structure of DNA in her photographs. Had she lived until 1962, Franklin may have been among the three scientists to win the Nobel Prize for the discovery of the structure of DNA

. She did not know that they had seen either her X-ray photograph (Fig. 1), showing unmistakable evidence of a helical structure, or her precise measurements of the unit cell (the smallest repeating unit) of the DNA crystal.

. "Clearly Rosy had to go or be put in her place [...] Unfortunately Maurice could not see any decent way to give Rosy the boot". And, "Certainly a bad way to go out into the foulness of a [...] November night was to be told by a woman to refrain from venturing an opinion about a subject for which you were not trained."

As Watson was to write candidly, "Rosy, of course, did not directly give us her data. For that matter, no one at King's realized they were in our hands." When this admission appeared in Watson's best-selling, much-acclaimed book of the discovery, The Double Helix, published in 1968 (ref. 1), he was a Harvard professor and Nobel laureate (he had shared the prize for medicine and physiology in 1962, with Crick and Maurice Wilkins of King's College.) By then Franklin had died — in 1958, at the age of 37, from ovarian cancer.

. I also found that Franklin felt singularly unhappy at King's, not so much because of her gender, but because of her class and religion: a wealthy Anglo-Jew felt out of place in a Church of England setting dominated by swirling cassocks and students studying for the priesthood. "At King's," she wrote to Sayre (albeit inaccurately), "there are neither Jews nor foreigners".

She was, in fact, so unhappy at King's that, in early 1953, getting out as fast as possible was far more important to her than finishing her work on DNA. How far she had advanced was reported in two articles in Nature3, 4 by Sir Aaron Klug, Franklin's closest collaborator at Birkbeck College, London, where she moved to from King's. He concluded that she had come very close to discovering the structure of DNA herself.

