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	When Physics Meets Biology 
By David Bradley 

'There are a truly huge number of unsolved problems in biology for which the approach and tools of the statistical physicist might prove relevant,' so says Gene Stanley of Boston University. With the introduction of a lively section to Physica A last July called 'Biological applications of statistical physics' for which Stanley is the editor, we are beginning to see emerging solutions in problems such as HIV, biological aging, immunity, evolution, neural networks and much more.  

The aids battle 
Sorin Solomon of the Hebrew University and colleagues Henri Atlan of the Hadassah Hebrew University Hospital, Irun Cohen of the Weizmann Institute and PhD students Uri Hershberg and Yoram Louzon, have been applying statistical methods to the study of the three-stage dynamics to the fatal disease AIDS, which is caused by the human immunodeficiency virus (HIV).  
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On initial infection, the immune system attacks HIV and almost wipes it out. But viral particles remain in the body existing at a low level of expression. Each new variant that emerges is again almost wiped out. But, ultimately the viral forces overtake the battling immune system, crippling it and the patient ultimately dies from a secondary infection.  

Solomon's team has used a microscopic simulation based on Monte Carlo statistics to follow an HIV infection. Although the immune system can 'win' a battle against a new infection - within days - the timescale over which the war is fought is much longer. After each battle, a few viral particles escape annihilation, emerging as new strains. 'As time passes, the number of mutations generating new viral strains increases,' explains Solomon, 'While the strains with large populations are detected and destroyed totally (except for eventual mutants) by the immune system, the strains with very few individuals remain undetected (as long as their population remains small).'  

After several hundred such battles, the number of small 'undetectable' strains (originating in the mutants from the past destroyed large populations strains) become very numerous, he says. Although each is too small to be detected, they are numerous enough in total to destroy a large number of immune cells. At this point one enters the third phase of the disease: HIV infection becomes AIDS. [Physica A 289(1-2) 178-190] Solomon points out that their study is already being confirmed experimentally by independent research.  

Immune information 
The immune system is an information processor say Maria do Carmo Lagreca of the Federal University of Rio Grande do Sul and her colleagues. The team is using exact enumeration techniques and multispin coding to look at how immune cells help the system learn how and what to attack when a disease strikes.  

Like all information processors, the immune system has a limited but high capacity for processing information, the bit strings of the antigens (protein fragments) that are presented to it on the surface of invading bacteria and viruses. New B-cells are generated each time a new antigen appears in the body warning of an alien presence.  

Lagreca and her colleagues have now demonstrated how the immune system may retain a dynamic memory of previously met antigens by emulating the alien signal with components of the immune system itself. 'In the future,' she says, 'with more realistic simulations the model may be used to quantitatively investigate how exposure to new pathogens may affect vaccination, cause allergies or change overall behaviour of the immune system, explaining depression in immunity against common diseases in some individuals.' (Physica A 289 (1-2) 2001, 191-207)  

The reason of age 
There are hundreds of explanations for why our bodies age, but, Danuta Makowiec of Gdansk University in Poland, thinks the accumulation of mutations in the genetic code as we get older is the simplest. Evolution selects out deleterious mutations that cause disease and death before child-rearing age. After that, nature leaves us to the ravages of aging. (Physica A 289 (1-2) 2001, 208-222).  

Makowiec has used the popular Penna bit-string model of biological aging based on Monte Carlo statistics, which looks at how genetic mutations are accumulated, to better understand exactly what happens. The original Penna model predicts that the accumulation of mutations correlates with age after the child-rearing years and results in an exponential increase in adult mortality as one ages.  

The model, however, relies on an additional feature - the Verhulst factor - an artificial restriction on the potential growth of a population that correlates with the probability of any individual in the population dying from non-age or genetic factors. Makowiec, has laid out the Penna population on a lattice with each point representing a space for an individual to live to remove the Verhulst factor. With the population size regulated by lattice capacity, only an unoccupied lattice point is 'accessible' to a new-born child.  

Makowiec's new version of the Penna model predicts the accumulation of mutations affecting young individuals. As a consequence, the mortality curve matches the actual mortality pattern of humans much better than the standard model. 'The model shows how non-genetic factors can influence the genetic pool of a population,' explains Makowiec.  

Professor Marcia Barbosa, who is closely involved in the further development of the Physics of Life website, envisions a host of medical applications; her own work focuses on finding ways of curing diseases by introducing 'good' DNA into cells, a puzzling challenge to physicists because there is no obvious way to get the DNA to enter! Such a process, if successful, could make cells 'younger' and so help with problems associated with aging.  

Physics of Life on show 
Elsevier will be exhibiting at the American Biophysical Society meeting in Boston, (17-21 February 2001). Charon Duermeijer, Publishing Editor for Physica A told us that Elsevier will be promoting the Physics of life Web site as a high-quality information source for biophysics as well as attracting new papers to the journals. 'This web site forms the interface between various disciplines, with a strong focus on the interface between physics and biology,' she explains, 'The site is "the place to be" for searching refereed biophysics papers from leading journals such as Physica A, Physica D and Physics Letters A.  

Go to Physica A volume 289 (1-2) 2001 
By: 
David Bradley  
Science Writer  
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