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proteins and pairing them up with their partners, and it inhibits the aggregation of misfolded proteins. It contributes to the balance of calcium-ion concentrations in the ER. It helps to prepare misfolded proteins for destruction. And it activates an adaptive signalling pathway termed the ‘unfolded protein response’ that is fundamental to the well-being and development of cells, organs and tissues6.7. Nothwithstanding all these functions, it is still rather surprising that the cleavage of BiP is so rapidly fatal to cells. Indeed, SubAB is at least ten times more toxic than the Shiga toxins are to cultured Vero cells. This is strong evidence for the central role of BiP in cell life. Also, it is possible that the toxin localization in the narrow volume inside the ER lumen increases the toxic effect, and it may be that there are even cells with a limited ER volume in which one molecule of toxin would be sufficient to cleave all BiP molecules present. This cellular toxicity of SubAB fits with the characteristics of the diseases caused by the bacteria it comes from, as one would predict that cells very rich in gangliosides (such as neurons) or those that require a lot of protein synthesis (such as kidney epithelial cells and liver cells) would be worst affected by such a toxin. At the same time, the pathogenesis of haemolytic uraemic syndrome and the SubAB mechanism of action suggest that BiP must be particularly important in endothelial cells lining the blood vessels, because a major event in the disease is formation of blood clots in the capillaries, indicating damage to these vessels. Another cell type that could be a particular target of SubAB is the plasma cell, which makes immunoglobulin proteins, the folding of which is specifically assisted and promoted by BiP. We suspect that these cells may be particularly sensitive to SubAB. If so, this could be highly relevant to the progress of many diseases, as the secretion of immunoglobulins by plasma cells is a major immune-defence mechanism, which would be impaired to the advantage of the bacterium. Paton et al.1 also identify E. coli strains expressing both the Shiga and the SubAB toxins, raising the possibility that these two toxins cooperate in the final pathological action similarly to the anthrax oedema toxin and lethal factors in the pathogenesis of anthrax8. SubAB will be a powerful tool for cell biologists to investigate the involvement of BiP in various cell functions. This is because of its exquisite specificity and the high level of evolutionary conservation of BiP — there is negligible sequence variation in the vicinity of the BiP cleavage site among proteins from multicellular animals. However, the hope is that, as with other bacterial toxins, SubAB may find some medical application. BiP at the surface of human prostate cancer cells enhances the spread of the cancer to other regions of the body, suggesting that this protein could be a cell-surface target for therapeutic use of the A subunit. Moreover, induction of BiP expression can be an unpleasant side effect of cancer therapies designed to 512
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halt the formation of blood vessels, and it correlates with tumour aggressiveness, drug resistance, tumour recurrence and poor survival9. In such cases, SubAB may find a use in reducing such side effects during chemotherapy. ■ Cesare Montecucco is in the Department of Biomedical Sciences, University of Padua, 2-35121 Padua, Italy. e-mail: [email protected] Maurizio Molinari is at the Institute for Research in Biomedicine, Via Vincenzo Vela 6, CH-6500 Bellinzona, Switzerland.
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ATOMIC PHYSICS



Quantum leap from light to atoms Mikhail Lukin and Matthew Eisaman Quantum-information networks use matter for long-term storage and light for long-distance transmission. Teleporting a quantum state from light onto matter has now been achieved. A decade ago, the idea of teleportation was mere science fiction. But following the pioneering proposal of Bennett et al.1, quantum teleportation has emerged as an important tool in quantum-information science. Quantum teleportation involves the disembodied transfer of a system’s most basic feature — its quantum state — from one location to another. The first experimental demonstration of the phenomenon was the transfer of a quantum state of light onto another beam of light2. More recently, the teleportation of a state between two single, trapped ions was demonstrated3,4. On page 557 of this issue, Sherson et al.5 describe the transfer of a quantum state from a light pulse onto a collection of atoms, thereby achieving teleportation between two objects of different nature for the first time. Quantum states are elusive objects, as they are easily destroyed by measurements. When only one copy of a state exists, only one measurement can be made. This single measurement cannot, even in principle, reveal complete information about the state. For this reason, quantum states cannot be copied, and one cannot transmit a quantum state by performing a direct measurement and then using a classical communication channel. Quantum teleportation circumvents these problems by using correlations between physically separated quantum states — the phenomenon known as quantum entanglement — to transmit quantum states between distant locations. To teleport a quantum state between a sender (typically called Alice) and a receiver (typically called Bob), each party must possess half of a pair of entangled states. First, Alice performs a joint measurement, called a Bell measurement, on both the quantum state she intends to send and her half of the entangled pair. She sends the result to Bob over a classical ©2006 Nature Publishing Group



transmission line (a telephone will do). Bob can use his half of the entangled pair to reconstruct an exact copy of the initial state from the classically transmitted information. The interest in quantum teleportation is not purely academic. The technique is a crucial element in so-called quantum repeaters, systems that can be used for long-distance quantum communication and secure quantum cryptography. Teleportation is especially helpful when direct communication between two remote locations is not possible because of losses in the connecting channel. Recently, the phenomenon has been shown to have an important role in fault-tolerant quantum computation, an error-correction mechanism for a noisy quantum computer6. Quantum teleportation is, in fact, likely to be an indispensable part of any robust quantum-information system. Sherson and colleagues’ advance5 is part of a broad effort now under way to use large ensembles of atoms as stable memory nodes for quantum communication7,8. In this approach, long-lived spin states of alkali atoms are used to store quantum states, while photons are used for communication. The memory nodes are connected to the communication channels through controlled light–matter interactions, using established techniques from the field of high-resolution laser spectroscopy. As light pulses typically interact with many atoms at once, the photonic quantum states are stored in collective spin excitations of atomic ensembles. Recent experimental advances within this framework include the entanglement of two remote atomic ensembles9, and the generation, storage and retrieval of single-photon pulses in primitive, two-node quantum networks10,11. The present paper5 is based on several conceptual and technical advances developed over the past few years in a close collaboration
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important proof-of-principle demonstration, much work remains to determine whether such techniques can become practical tools. For example, it is likely that in useful quantum-information systems, photonic quantum bits, or qubits (for example, the two polarization states, horizontal and vertical, of a single photon) will be required, rather than the weak, coherent states used by Sherson et al.5. The teleportation of single-photon qubits does seem feasible with the present techniques, but reaching high fidelities will be difficult. Likewise, the powerful applications of teleportation in fault-tolerant systems require local operations to be performed with high efficiency and high fidelity, something that is often difficult in the absence of the large, nonlinear responses found in ensemble-based systems. Thus, further conceptual advances in designing efficient systems with limited resources are needed. Beyond potential applications, the experiment of Sherson et al.5 demonstrates an exceptional degree of quantum control over light and matter. Such control is much needed as the field of experimental quantum-information science matures. ■ Mikhail Lukin and Matthew Eisaman are in the Department of Physics, Harvard University, 17 Oxford Street, Cambridge, Massachusetts 02138, USA. e-mail: [email protected] Bennett, C. H. et al. Phys. Rev. Lett. 70, 1895–1899 (1993). Bouwmeester, D. et al. Nature 390, 575–579 (1997). Barrett, M. D. et al. Nature 429, 737–739 (2004). Riebe, M. et al. Nature 429, 734–737 (2004). Sherson, J. F. et al. Nature 443, 557–560 (2006). Knill, E. Nature 434, 39–44 (2005). Lukin, M. D. Rev. Mod. Phys. 75, 457–472 (2003). Sherson, J., Julsgaard, B. & Polzik, E. S. Adv. Atom. Mol. Opt. Phys. (in the press); preprint available at www.arxiv.org/ quant-ph/0601186 (2006). 9. Chou, C. W. et al. Nature 438, 828–832 (2005). 10. Chanelière, T. et al. Nature 438, 833–836 (2005). 11. Eisaman, M. D. et al. Nature 438, 837–841 (2005). 1. 2. 3. 4. 5. 6. 7. 8.



CELL CYCLE



Complex evolution Gavin Sherlock Cell division is fundamental to life, and so might be expected to have changed little during evolution. Data from four species show that the genes involved can vary, but the regulation of complexes is a common theme. There are many core biological processes for which different organisms use essentially the same proteins to carry out certain tasks. These equivalent proteins, known as orthologues, are mostly very similar in terms of their protein sequence. However, what remains much less clear is whether these orthologues are regulated in a similar manner in different organisms — either at the level of transcription from the gene, or at the level of modification and degradation of their gene products. On



page 594 of this issue, Jensen et al.1 use genomewide data from four different organisms to investigate the periodic gene transcription that is associated with the cell-division cycle, and to determine how individual members of crucial protein complexes are regulated. Using the publicly available data sets for budding yeast (Saccharomyces cerevisiae), fission yeast (Schizosaccharomyces pombe), thale cress (Arabidopsis thaliana) and human cells, the authors show that most of the genes ©2006 Nature Publishing Group



50 YEARS AGO “Marking of tsetse flies for their detection at night” — Most testse field-work so far has been based on day-time observations of active flies. If work is to be done on resting flies, it will be advantageous to have an easy method of locating them. It is known that mosquitoes can be dusted with non-toxic materials which fluoresce in ultra-violet light at night, and using this method, mosquitoes can be watched at a distance of about 10 ft. The insects are not sensitive to ultra-violet radiations… ‘Dayglo’ (silica-based organic dyes in ethyl cellulose) powders mixed with a binder and solvent produced a satisfactory paint and were used in a series of tests on house and tsetse flies… Paint was applied with a sharpened matchstick on the centre of the thorax, covering it without fouling head or wings. At 15 ft., treated flies shone brilliantly in the ultraviolet beam and the maximum range was 20 ft. G. R. Jewell From Nature 6 October 1956.



100 YEARS AGO “The genesis of the inventor” (Erfindung und Erfinder by A. du Bois-Reymond) — The author’s analysis of invention and inventors leads to the conclusion that neither need, nor chance, nor the lack of necessaries in surrounding life suffices to draw out the inventor. Instead of solving the problem by philosophic deduction from generalities, he descends to the particulars of the Patent Office, and concludes that inventors can be subdivided into three classes:— first, the intuitive genius, or, as Herbert Spencer would have said, the man who can do with little trouble that which cannot be done by the ordinary man with any amount of trouble; secondly, the technical man, well acquainted with his work, who follows in the wake of the intuitive genius, and is largely inspired by him; thirdly, the layman, whose special province seems to be feeding-bottles. From Nature 4 October 1906.
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between experimentalists led by Eugene Polzik and theorists led by Ignacio Cirac. The authors begin by creating entanglement between a light beam and approximately 1012 caesium atoms by passing a strong laser beam through an ensemble of spin-polarized atoms in a magnetic field. To establish quantum entanglement, a quantum-mechanical version of the Faraday effect is used, in which the polarization of light is rotated as it passes through a medium. In the experiment, this effect causes the fluctuations in polarization of the transmitted light to become correlated with the spin fluctuations in the caesium ensemble. The authors then use a remote beamsplitter to mix the transmitted beam with a weak laser pulse whose quantum state is to be teleported. A Bell-type measurement of the so-called canonical variables (roughly corresponding to the amplitudes and phases) of the mixed pulses follows. The results of the measurement are transmitted back to the atomic ensemble through a classical feedback loop, where they are used to apply a magnetic field to the atomic ensemble. As the ensemble already ‘knows’ the state of the transmitted light with which the weak pulse was mixed, the effect is to map the initial quantum state of the weak laser pulse onto the collective spin excitation of the ensemble. To verify that the teleportation was successful, the authors repeat the experiment many times to gather statistical information about the differences between the initial state of the weak light pulse and the final state of the atoms. The resulting figure of merit, called the fidelity, indicates that the observed teleportation is not perfect; but it is higher than would be possible with any classical approach that does not use entanglement. Moreover, the teleportation occurs ‘on demand’, at a time determined by the scientists. Although the present experiment is an
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