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1 Modeling in the Biological Sciences

s Mathematics consists of the study and development of methods of
predietions.

o The goal of biology is to find useful and verifinble deseriptions and
explanations of phenomena in the natural world.

2 Population growth

The rate of prowth of population is proportional to the size of the population,
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This i a good model for a population that grows without constraints.

3 Predator-Prey Model

Azsumptions for how a population of rabbitz, !, and foxes, F, interact.

1. If no foxes are present, the rabbits reproduce at a rate proportional to
their population, and they are not affected by overcrowding.

2. The foxes cat the rabbits, and the rate at which the rabbits are caten
is proportional to the rate at which the rabbitz and the foxes interact.

3. Without rabbits to eat, the fox population deelines at a rate propor-
tional to itsclf.



4. The rate at which foxes are born is proportional to the nmmber of

rabbits caten by foxes, which by the sccond assumption, is proportional
to the rate at which the foxes and rabbits interact.

The system
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i5 A model of how a predator population interacts with a prey population.

4 The Evolutionary Development of HIV-1

How docs the HIV-1 virus evolve in the human body? Onee infected with
the HIV-1 virus, it ean be years hefore an HIV-positive patient exhibits the
full symptoms of AIDS. Does the virus lie dormant in patient’s body? This
was thought to be the ease at one time.

Differential Equations

Here is & model that tells us otherwise. Due to transeription errors
during the replication proecess, quasispecics of the virs are ereated. These
quasgispocies are populations of closely related but distinet viral penomes of



the virus. We can base a mathematical model of this proeess on the following
assumptions.

1. The virus ean kill CD4-positive T-helper eclls.

2. The continnal evolution of new resistant viral mutants enables the
total wiral population to evade climination by the immune syvstem.

3. Subpopulations of CD4-positive T-helper eclls specific to a particular
viral direet immunological attack against that strain.

4. Each mutant can kill all CI4 eells, repardless of their specificity to a
particular mutant.

Immunological responses to the virus are characterised by a spocifie
response to individual strains and a non-specifiec general response that
acts amainst all strains.
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We assigm the following variahles.
» z is the population of nonspecific CD4-positive T-helper cells.

= w; i3 the population of a virus strain, where: — 1,2, ..., n.

s 1; & the population to strain-specifie CD4-positive T-helper cells,
where 1 = 1,2, ..., n.

We are now ready to construct out basie model. We do this in terms of
svstems of equations.

» Each strain of the virns will grow at a rate
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where r, 4, and p arc constants.

» The population of nonspeeific CD4-positive T-helper eclls will behave
according to the equation

where v = 3w and kK" and w are eonstants. Note that the immune
eells are produced at a rate K'» proportional to the density of antigens.

The term wez tells the rate at which the virions are destroved.
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