


Pure mathematics is, in its way, the poetry of logical ideas.
Albert Einstein

“Education should be started with mathematics. As it forms well
designed brains that are able to reason right. It is even admitted that those
who have studied mathematics during their childhood should be trusted,
for they have acquired solid bases for arguing which become to them a
sort of second nature”.

Ibn Khaldun, al-Muqaddima (born in 1332, Tunis), historian, 
sociologist, philosopher



Mathematical biology/biomathematics/ theoretical biology is an

interdisciplinary field of academic study which models natural,

biological processes using mathematical techniques. It has both practical

and theoretical applications in biological research.

The strength of biomathematics lies in the quantification of specific

values but also in the identification of common structures and patterns at

different levels of biological organisation



Talking to biologists and getting familiar with their experiments and data
with respect to a biological process.

Developing a mathematical model that describes the biological process
(e.g., by differential equations).

Simulating and comparing the numerical results with experimental
results – and keep revising until the fit is satisfactory.

Using the model to make a new hypothesis and suggest new
experiments.



The original problem that Fibonacci investigated (in the year 1202) was
about how fast rabbits could breed in ideal circumstances.

Suppose a newly-born pair of rabbits, one male, one female, are put in a
field. Rabbits are able to mate at the age of one month so that at the end
of its second month a female can produce another pair of rabbits.
Suppose that our rabbits never die and that the female always produces
one new pair (one male, one female) every month from the second
month on.







At the end of the first month, they mate, but there is still one only 1 pair.

At the end of the second month the female produces a new pair, so now
there are 2 pairs of rabbits in the field.

At the end of the third month, the original female produces a second
pair, making 3 pairs in all in the field.

At the end of the fourth month, the original female has produced
yet another new pair, the female born two months ago produces her first
pair also, making 5 pairs.pair also, making 5 pairs.

The number of pairs of rabbits in the field at the start of
each month is 1, 1, 2, 3, 5, 8, 13, 21, 34, ...

 Fibonacci numbers: 
 an+1=an + an-1, 
 with a1=a2 =1



ImportanceImportance

Applying mathematics to biology has a long history, but only recently
has there been an explosion of interest in the field. Some reasons for
this include:

The explosion of data-rich information sets, due to
the genomics revolution, which are difficult to understand without the
use of analytical tools.

An increase in computing power which enables calculations
and simulations to be performed that were not previously possible, and
an increasing interest in in silico experimentation due to ethical
considerations, risk, unreliability and other complications involved in
human and animal research.



Representative exampleRepresentative example

The word ‘Buffer’ means something that can resist against a minor
change. The amount of the change depends upon the strength of the
buffer and the [A-] / [HA] ratio. The ability of a buffer to resist
change in pH is referred to as the “buffer capacity”. It can be defined
in two ways.

The number of moles / lit. of H+ or OH- required to cause a given
change in pH e.g. l unit.

The pH change that occurs upon addition of a given amount of H+ or
OH- (e.g., 1 mole/lit.). The first definition is better versatile because
it can be applied to buffers of any concentration.



Buffering  capacity 
As from Henderson — Hasselbalch equation
pH = pK + log {[A-] / [HA]}
pH = pK + log[A-] – log [HA]
As [C] = [HA] + [A-]
{[C ] - [A-]} = [HA]

Therefore,Therefore,
pH = pK + log[A-] — log {[C] — [A-]}

dpH / d [A-] = 0 + 1/2 .3[A-] + 1/2 .3{[C] - [A-]}
dpH / d [A-] = {[C] - [A-]} + [A-] / 2.3 [A-] {[C] - [A-]}
dpH / d [A-] = [C] /(2.3 [A-] {[C] - [A-]}
Since d[A-] = d [H+]= d[OH-]
d [A-]/ dpH = 2.3 [A-] {[C] - [A-]} / [C]
Since d [H+]/ dpH = 



Therefore,  = 2.3 [A-]{[C] - [A-]} / [C]
Since [C] = [HA] + [A-]
 = 2.3 [A-] [HA] / [A-] + [HA]

Since [HA] = [H+] + [A-]
[A-] = [HA] – Ka / [H+]
But Ka = [H+] [A-] / [HA]
 = 2.303 Ka [H+] [C] / {[Ka + [H+]}2

The above expression for buffering capacity shows that with the
increase of concentration of buffer, the buffering capacity increases,
so a buffer of 0.25 M resists pH change more than 0.01 M buffer.
Hence the buffer capacity can be defined as the number of moles per
lit. of [ H+] or [OH-] required to cause a given change in pH equal to
1 unit.



Buffer Preparation
A buffer of a given concentration and given pH can be prepared by
taking a ‘X’ amount of one component and (C – X) of other
component by using a well known equation called Henderson Hassel
balch equation.

pH = pKa + log [A-] / [HA]
Where pKa of a given buffer is known and is constant.Where pKa of a given buffer is known and is constant.

(i)Preparation of Acetate Buffer
(ii) For preparation of “Acetate” buffer of concentration 0.2 M of pH
5, whose pKa = 4.7.
By applying Henderson - Hasselbalch equation, we get,
pH = pKa + log [A-] / [HA]
5.0 = 4.77 + log [X] / [HA] (Where x = [A-])

[HA] = (0.2 – X)



0.23 = log [X] / [0.2 – X]

Because,[WB /  ℓ x %  purity]=V
WB = 0.074  60
ℓ = 1.05 
g/c.c
% purity = 98%

Anti log (0.23) = X/0.2 - X
1.69 = X/0.2—X
0.339 = 1.69X + X
0.339 = 2.69X
X = 0.339/2.60
X = 0.126
Concentration of [A-] = 0.126 M
Concentration of [HA] = 0.2 – 0.126Concentration of [HA] = 0.2 – 0.126
= 0.074 M

Weight of [A-] = Weight of CH3COONa . 3H2O
= (0.126) (MB)

= 0.026  136
= 17.13g.
Vo1um of acetic acid = 0.74  60 / 1.05  0.98
= 4.14 ml

Taking 17.13 g of CH3COONa. 3H2O and 4.14 ml of acetic
acid in little volume of water and after dissolution make total volume 1 lit.



The size of ribosome's is 70S or 80S, What does it mean ? But after
dissociation these are separated in to different parts with different
Svedberg's units, eg 70S as 50S and 30S and 80S as 60S and 40S, Why?
Sedimentation rate of solutes is determined by their size, shape, and
density, and the density and viscosity of media. The ability of an solute
to centrifugal (or gravitational) field can be described by sedimentation
coefficient (S = v/C): v linear velocity of a solute, C: centrifugalcoefficient (S = v/C): v linear velocity of a solute, C: centrifugal
acceleration, . s = 2/9 r2(d-do)/ h ( f/fo)

dx/dt= 2 r2(d-do)w2x/ 9 h ( f/fo)

s is the sedimentation coefficient and is usually expressed in Svedberg's
(S) or 10-13 sec.
.

Centrifugal force



S = 2/9 r2(d-do)/h ( f/fo)    
r: radius of the solute, d: density of the solute, d0: density of media, and
h :viscosity of the media, f/fo as frictional ratio

solvent

solvent
FC: The Centrifugal Force

=M * 2* r 
FB: the Buoyant Force (Archimedes)

2solvent

Ff: the Frictional Force

=M0* 2* r =Mw* 2* r 

Centrifugal force = buoyant force + frictional force



THE BEER-LAMBERT LAW

For a light absorbing medium, the light intensity falls
exponentially with sample depth.
For a light absorbing medium, the light intensity falls
exponentially with increasing sample concentration.
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The negative logarithm of T is called the absorbance (A) and this is
directly proportional to sample depth (called pathlength, l) and sample
concentration (c). The equation is called the Beer-Lambert law.

 is called the molar absorption coefficient and has units of
dm3 mol-1 cm-1
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dm3 mol-1 cm-1

Eg; Estimation of DNA= 50 µg/ml double-stranded DNA,
When sp. extinction coefficient of DNA is 200 and Absorption is 1
unit.

For 1 absorbance unit, of a DNA solution, the concentration of
DNA solution.

C = 1/(200x1)
= 0.005 x 1000 /100
= 0.05 mg /ml
= 50 µg/ml



DNA often is compared to a twisted ladder.
Rails of the ladder are represented by the alternating deoxyribose and
phosphate.

The pairs of bases (cytosine–guanine or thymine–adenine) form the
steps.

Purine bases equal the number pyrimidine bases
Adenine and guanine are purines and cytosine and thymine are
pyramidines

C=G and A=T; therefore C + T = G + A

Complementary base pairing is used to describe the precise pairing of
purine and pyrimidine bases between strands of nucleic acids.







Renaturation is a two-step process. In the first step called
nucleation, content is made between two complimentary regions
of DNA. Nucleation is followed by a relatively rapid zippering up
of adjoining base residues into a duplex structure. Thus,
nucleation is the rate limiting step and it is this step that must be
examined to determine the time course of renuatration becauseexamined to determine the time course of renuatration because
nucleation involves interaction between two molecules.

It should occur at a rate proportional to the square of the
concentration of a single strand that is a second order reaction. If
‘C’ is the concentration of single stranded DNA at time ‘t’ then
the second order rate equation for loss of single stranded DNA is:

dC/dt = k2 C2



where k2 is the second order rate constant given a starting
concentration ‘CO’ of completely denatured DNA the amount of single
stranded DNA left after renaturation for time ‘t’ is given by

C/CO = 1/ 1 + k2 COt
At time ’t ½ ‘, when half of the DNA is denatured,

C / CO = 0.5 and t = t ½ , from which follows that
CO t ½ = 1/k2

As a result C / CO is plotted as a function of CO t. the
resulting curve is referred to as a “COT” curve.

For a given nucleotide complexity ‘N’ (number of base pairs in each
unique sequence e.g., the repeating sequence (AGCT)n has a
complexity of 4 , the renaturation rate is also a function of the length ‘L’
of the nucleic acid i.e., the actual number of bases per single stranded
nucleic acid molecule present in a renaturation reaction. It can be shown
that:
k2= L / N



Renaturation Rate Measures Sequence complexity or Cot curve
analysis indicates DNA complexity.

The renaturation rate of DNA has been used extensively to

compare the base sequence complexity of DNA, from different sources.

Moreover, Doty and their coworker’s discovery of the phenomenon of

renaturation met with considerable interest for as given weight

concentration of DNA, the more homogenous in sequence a DNAconcentration of DNA, the more homogenous in sequence a DNA

sample, the more rapidly it will renature. Thus a 0.01% solution of

denatured T4 bacteria phage DNA renatures much more rapidly than

does a 0.01% solution of E – coli DNA. In turn bacterial DNA renatures

much more rapidly than mammalian DNA.



Therefore:

Cot ½ = N / L, and at Cot ½ should be

proportional to N / L, when length of different samples is taken uniform,

then Cot ½ is direct measure of N (complexity) means more complex

DNAs take more time to renature.

Most prokaryotic DNAs yield simple mono-phasic Cot curves with

one inflation point. However for the total DNA from a complex

eukaryotic organism such as human the curves are more complex

containing more than one inflation point.

A precise interpretation of the cot curve for human DNA is

not possible, but the following explanation is considered most likely.

About 2% of the DNA (the fold back portion) renature very rapidly.







v = k2[ES] 
(Note: k2 also referred to as kcat)

[Enzyme] = [E] = [E] + [ES]

E = enzyme, S = substrate, 
ES = enzyme-substrate complex,
P = product

How to solve for [ES]?
1. Assume equilibrium, if k-1 >> k2:

KS = k-1/k1 = [E][S]/[ES] (Michaelis and Menten, 1913)

2. Assume steady state:
d[ES]/dt = 0                           (Briggs and Haldane, 1925)

[Enzyme]total = [E]t = [E] + [ES]





Rate of formation of ES complex = k1[E][S]
Rate of breakdown of ES complex = k-1[ES] + k2[ES]
Because of steady state assumption:
k1[E][S] = k-1[ES] + k2[ES]

Rearranging: [ES] = (k1/(k-1 + k2))[E][S]

Substituting Michaelis constant = KM = (k-1 + k2)/k1) = KS + k2/k1: 
[ES] = ([E][S])/KM

So: KM[ES] = [E][S]



 Substituting [E] = [E]t - [ES]: 


 KM[ES] = [E]t[S] - [ES][S]

 Rearranging: [ES](KM + [S]) = [E]t[S]

 So: [ES] = [E]t[S]/(KM + [S])So: [ES] = [E]t[S]/(KM + [S])
 [ES]/[E]t= [S]/(KM + [S])

 Now we can substitute for [ES] in the rate equation
 vo = k2[ES].



 But first note that the velocity in v = k2[ES] we use is the initial
velocity, vo, the velocity of the reaction after the pre-steady state
and in the early part of the steady state, i.e., before ~10% of
substrate is converted to product. This is because at this stage of
the reaction, the steady-state assumption is reasonable ([ES] is still
approximately constant). Also, since not much P has yet
accumulated, we can approximate the kinetics for even reversible
reactions with this equation if we limit ourselves to voo

 (since Vmax = k2[E]t when [S] >> KM)

 vo = Vmax[S]/(KM + [S])





 An important relationship that can be derived from the Michaelis-
Menten equation is the following:

 If vo is set equal to 1/2 Vmax, then the relation Vmax /2 =
Vmax[S]/Km + [S] can be simplied to Km + [S] = 2[S], or Km = [S].

 This means that at one half of the maximal velocity, the substrate
concentration at this velocity will be equal to the Km.

 Relationship has been shown experimentally to be valid for many
enzymes much more complex in regards to the number of substrates
and catalytic steps than the simple single substrate model used to
derive it.



 Experimentally, Km is a useful parameter for characterizing the
number and/or types of substrates that a particular enzyme will utilize
(an example will be discussed).

 also useful for comparing similar enzymes from different tissues or
different organisms.

 it is the Km of the rate-limiting enzyme in many of the biochemical
metabolic pathways that determines the amount of product and overall
regulation of a given pathway.

 Clinically, Km comparisons are useful for evaluating the effects
mutations have on protein function for some inherited genetic
diseases.



 The values of Vmax will vary widely for different enzymes and can be 
used as an indicator of an enzymes catalytic efficiency. It does not 
find much clinical use. 

 There are some enzymes that have been shown to have the following 
reaction sequence:

 In this situation, the formation of product is dependent on the 
breakdown of an enzyme-product complex, and is thus the rate-
limiting step defined by k3.



Sx103 M vx103(M/min) 1/Sx103 /
M

1/Vx103

min/M
[S]/V 
/min

V/[S] min-1

0.8 0.203 1.25 4.93 3.94 0.253

1.6 0.387 0.625 2.58 4.13 0.242

2.4 0.507 0.413 1.98 4.73 0.211

3.2 0.593 0.312 1.68 5.39 0.1853.2 0.593 0.312 1.68 5.39 0.185

4 0.642 0.25 1.56 6.23 0.16

4.8 0.652 0.208 1.53 7.36 0.136

5.6 0.657 0.179 1.52 8.52 0.117



Effect of substrate concentration on the activity of sulfite oxidase. Different concentrations of sodium sulfite
(0.8x10-3 to 5.6 x 10-3 M) were taken in the incubation mixture containing 0.2 ml of sephadex G-200
purified Sunchul sulfite oxidase



 The constant, kcat (units of sec-1), is also called the turnover number
because under saturating substrate conditions, it represents the
number of substrate molecules converted to product in a given unit of
time on a single enzyme molecule.

 In practice, kcat values (not Vmax) are most often used for comparing
the catalytic efficiencies of related enzyme classes or among different
mutant forms of an enzyme.



 If the reciprocal (1/X) of the Michaelis-Menten equation is done,
after algebraic simplification the following equation results:

 This relation is written in the format of the equation for a straight line,
y = mx + b, where y = 1/vo, m (slope) = Km/Vmax, x = 1/[S] and the
y-intercept, b = 1/Vmax. When this relation is plotted,the result is a
straight line graph



The x intercept value is equal to -1/Km



Treatment of kinetic data by A) Line Weaver – Burk plot B) Hanes – Woolf plot C) Woolf –
Augustinsson – Hofstee plot and D) Eadie – Scatchard plot for Sunchul sulfite oxidase



Treatment of Data
Km
(M)

Kmax (M/min.)

Lineweaver – Burk plot 4.16 x 10-3 1.3 x 10-3

Hanes – Woolf plot 2.8 x 10-3 1.05 x 10-3

Woolf – AugustinssonWoolf – Augustinsson
Hofstee plot

3.34 x 10-3 1.14 x 10-3

Eadie – Scatchard plot 3.05 x 10-3 1.04 x 10-3

* Km = 3.34 x 10-3M * Vmax = 1.14 x 10-3(M/min)
* Km and *Vmax value for the sulfite oxidase are taken as average of 
the four values.



The effect of temperature on sulfite oxidase activity was investigated
at pH 7.8 in 0.05M potassium phosphate buffer and the results are
presented in Figure.

Effect of temperature on sulfite oxidase activity.

[ Experiments were done in triplicate and the value represented is the 
mean of three values.]



The optimum temperature was found to be 300C. The data on the effect
of temperature on enzyme activity upto its optimum temperature was
treated according to Arrhenius plot for determination of activation energy
of the enzyme and found to be 71.3kj/mole providing the information
about the catalytic activity of the enzyme.

Arrhenius plot of lognV vs (1000/T)0 K for determination of activation energy of sulfite 
oxidase



Diffusion models are also referred to as dispersion models.

Dispersion by turbulent flow help spreading of air pollutants

Among the most commonly used diffusion models “Gaussian plume
Model “
Application of the Gaussian plume model

The second possibility is the inclusion of pollutant reflection from the 
ground level at the reference point.

This approach is appropriate to calculate the concentration of the
pollutant in reference points on the plateau.
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Example for proper understanding

Let us assume a foundry emitting 500 kg/ day of SO2 from a stack of
physical height of 50 m .Let us estimate the maximum concentration of
the pollutant in the direction of the wind at the ground level at a distance
of 1700 m. prevalent wind velocity in the horizontal direction, u = 2 m/s.

h = 50 m;
u= 2m/s
Q = 500 kg/day = 5,787 g/ secQ = 500 kg/day = 5,787 g/ sec

Therefore
C (1700,0,0) = (5.787 / 2π × 80 × 30 × 2) × exp[-0.5 (50 / 30)2 ]

0.77 mg / m3



 A species population can’t remain unaffected by the other co-
occurring species population.

 There are many ways of interactions among species, viz.,

LotkaLotka ––VolterraVolterra ModelModel

 There are many ways of interactions among species, viz.,
predation, mutualism, protocooperation, commensalism, etc.

 All these interactions basically tend to regulate/alter the
population sizes.



It is the simplest model of predator-prey interactions.

It was developed independently by:
– Alfred Lotka, an American biophysicist (1925), and
– Vito Volterra, an Italian mathematician (1926).

It shows competitive interaction between species, and hence also
called as “Lotka-Volterra model of interspecific competition.”

It is the extension of the “logistic growth equation

where
dN/dt = Population change in time
r = Intrinsic rate of increase ; N= Population size
K = Carrying capacity; (K-N) =  is the term responsible  for 
showing intra-specific    competition 





The basis of Lotka-Volterra model is the replacement of the term ( K –
N ) with a term highlighting both intra as well as inter-specific
competition.

Effect of other species is 1/10th of the competitive effect caused by
the same species, called as “ competitive coefficient ( α ).

1 N1 = 1/10 N2

e.g., α 12 implies the effect of species 2nd on species 1st .e.g., α 12 implies the effect of species 2nd on species 1st .

Suppose we have two populations N1 & N2 (i.e., population sizes), with
carrying capacities K1 & K2 and r1 & r2 being their intrinsic rates of
increase, respectively.

Thus, new effect would be in addition to the earlier, that is,
N1 + α 12N2



In case of 1st species:

In case of 2nd species:In case of 2nd species:

These two equations contribute Lotka-Volterra model.







If we plot both zero growth isoclines together on the same plot, we can see
that there are four possible outcomes.



The most painful thing about mathematics is how far away you are 
from being able to use it after you have learned it.
James Newman

Mathematics is the door and key to the sciences.
Roger Bacon
(c. 1214-1294, English philosopher and Franciscan friar)
Nature is written in mathematical language.
Galileo Galilei
(1564-1642, Italian physicist, mathematician, and astronomer)


