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Abstract:

Industrial biotechnology has been defined as the use and application of biotechnology for the sustainable processing and production

of chemicals, materials and fuels. It makes use of biocatalysts such as microbial communities, whole-cell microorganisms or puri-

fied enzymes. In the review these processes are described.

Drug design is an iterative process which begins when a chemist identifies a compound that displays an interesting biological profile

and ends when both the activity profile and the chemical synthesis of the new chemical entity are optimized. Traditional approaches

to drug discovery rely on a stepwise synthesis and screening program for large numbers of compounds to optimize activity profiles.

Over the past ten to twenty years, scientists have used computer models of new chemical entities to help define activity profiles, geome-

tries and relativities. This article introduces inter alia the concepts of molecular modelling and contains references for further reading.
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Introduction

Given the different approaches existing on the defini-

tion of ‘biotechnology’, and the plurisemic use of the

term, it seems necessary to briefly introduce its poten-

tial different meanings. Biotechnology makes refer-

ence to the activity consisting of the utilization or ma-

nipulation of living organisms for obtaining products

or implementing processes, generally by means of the

integration of natural and engineering sciences [25].

Similarly, diverging approaches exist also in re-

spect of the meaning of certain bioproducts, such as

biopharmaceuticals. Although biopharmaceutical is
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a widely used term, it is not always employed with the

same meaning. There are several possible notions of

what a biopharmaceutical is.

The first definition, which is the most widely ac-

cepted, alludes to biopharmaceuticals as medicinal

products, therapeutics, prophylactics and in vivo diag-

nostics with active ingredients inherently biological in

nature and manufactured using biotech.

A second definition limits biopharmaceutical prod-

ucts to those fulfilling the first definition and involv-

ing genetic engineering. This corresponds to what has

been named “new or modern biotech”, which is a sub-

set of the abovementioned notion. Since the early

eighties, when recombinant DNA and hybridoma

technology were developed, the recourse to this no-

tion has become more and more usual. This was, for

instance, the definition used by the Federal Trade

Commission in its 2009 report on biosimilars. Ac-

cording to the Federal Trade Commission, “biologic

drugs are protein-based and derived from living mat-

ter or manufactured in living cells using recombinant

DNA biotechnologies”. As it can be observed, this ap-

proach limits the concept of ‘biologic drugs’.

Another definition of ‘biopharmaceutical’ implies

a contagious use of the term. This can be observed

when any health-care product that is loosely related to

biotechnology is deemed to be a ‘biopharmaceutical’.

For instance, all products manufactured by a company

that produces biopharmaceuticals would be consid-

ered biopharmaceutical products.

Finally, another possible approach, widely used

among those working in the commercial and media

areas of the pharmaceutical industry, employs the

term ‘biopharmaceutical’ as a synonym of anything

that is pharma-related.

Therefore, although references are made to other

biopharmaceuticals that fall under the first definition,

most problems arise in relation to modern biotechno-

logical products which, hence, frequently are the fo-

cus of attention [9].

In the years 1971–1973, new technology was

brought into effect, which became a great scientific

turning point. It was recombinant DNA technology,

also known as genetic engineering, which until today

has formed the base of many biotechnological pro-

cesses. Polymerase Chain Reaction is one of elements

of the technology of recombined DNA. The technique

discovered in 1985 by Mullis enables researchers to

produce millions of copies of a specific DNA se-

quence in approximately two hours. This automated

process bypasses the need to use bacteria for amplify-

ing DNA [4].

The basic biotechnological processes used most

widely in the pharmaceutical industry apart from re-

combined DNA technology, also including directed

mutagenesis, are biocatalysis, technology of mono-

clonal antibodies, technology of vaccines, metabolic

engineering, and, only recently, gene therapy [9, 13,

25] as well. However, these processes are largely based

on the tools of gene engineering. Biotechnology has

a major impact on the pharmaceutical industry.

Biocatalysis

Biocatalysis is a process used for the transformation

or manufacturing of certain products using a biocata-

lyst, which may be an enzyme, an enzyme complex,

organelle, or an entire cell, that is either growing or

not. Biocatalysts are used as free and immobilized

forms. They may be of microbial origin, or from an

animal or plant. The substrate combines with them in

bioreactors, where suitable reaction conditions are set

up [1]. Biocatalysts also accelerate the reaction that

occurs repeatedly. The main advantage of biocatalysis

is the possibility to obtain chiral products, essential in

the pharmaceutical industry [21].

Biocatalysis carried out in the forms listed below:

1. Fermentation – the use of living cells in bioreactors

for the transformation of simple substrates, such as

sugar or methanol, into the desired product.

2. Fermentation of precursors – similar to the above,

using living cells for the transformation of more com-

plex substrates, or intermediates.

3. Biotransformation – the transformation of the pre-

cursor into the product by enzymes or an undivided

cell, in several stages.

4. Enzyme catalysis – crude extracts or partially puri-

fied enzymes are used for the transformation.

5. Purified enzymes – used mainly in the pharmaceu-

tical industry [6].

The process of biocatalysis depends on the stability

of the protein and enzyme kinetics as well as other

properties associated with the ongoing reaction. To

perform efficient biocatalysis, a suitable biocatalyst

must first be obtained. It is also necessary to establish

the process and determine whether it will be efficient
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and profitable. For reactions that do not require regen-

eration of the coenzyme (e.g., hydrolysis), either an

enzyme or an entire cell can be used. However, if

a cofactor is required, the cells are used that way; with

the cofactor being then naturally regenerated by them.

For the sake of the process, modifications and ar-

rangements are made on every level. Through protein

engineering, the properties of the enzyme are im-

proved and its stability is increased. Inside the cell,

the import and export of substances is facilitated and

unnecessary responses are eliminated. An appropriate

medium is selected and the preferred process condi-

tions are set [23].

Biocatalysis has also to deal with the toxicity of

certain substrates or products of the transformation,

which are mostly non-polar compounds. There are

several methods deployed to avoid harming the cell.

The first one uses a two-phase system as the environ-

ment of transformation. The non-polar phase contains

the substrate and the product; and the water holds the

cell. A different method is to place the enzymes or

cells in the solid phase, while the substrates and prod-

ucts are present in the gas phase, provided that this is

possible. The third method is to add the respective

quantity of the toxic substrate that then becomes used

up immediately and is not accumulated. The products

are gradually discharged [6].

Enzymes

Enzymes, proteins with catalytic properties, perform

the reactions of stereo-, regio- and chemoselective or

a specific nature [1]. Enzymes are qualified into six

different groups: hydrolases, oxidoreductases, trans-

ferases, lyses, isomerases, and ligases. In as many as

60% of all biotransformations, hydrolases are used,

while oxidoreductases are used in 20% of the cases.

In the industry, the most commonly used are: prote-

ases, lipases, esterases, amylases and amidases [14].

With genetic engineering, changes at the level of the

enzyme can be made, altering its properties and lead-

ing to the formation of other varieties of the product.

In addition, enzymatic engineering allows for the pro-

duction of enzymes effective in a non-aqueous envi-

ronment. This kind of environment is used in bio-

catalysis due to its interesting properties such as in-

creased solubility of the substrate or hydrolytic

reaction reversibility. Despite this, the enzymes ex-

hibit lower activity in a non-aqueous environment

than in water. The addition of salt to the protein solu-

tion stabilizes its structure, which causes its greater

activity. In this way, subtilisin can be activated as well

as many other enzymes. In addition to salt, crown

ethers, transition analogues and substrates, plus their

copies, have an activating effect. This method is

mainly used in the pharmaceutical industry [6].

Enantiomers are very important due to the fact that

each variety has different characteristics. Thalido-

mide, a drug used by pregnant women in the ‘60s with

antiemetic and analgesic qualities, was used as a race-

mic mixture meaning R and S enantiomers. The R

form had a therapeutic effect, but S (Fig. 1) induced

mutations and caused teratogenic effects. As such, the

appropriate enzymes in the processes of production of

pharmaceuticals are very important. Chiral products

are obtained by the transformation of natural, pure

enantiomers, asymmetric synthesis, or the separation

of a racemate [1].

Cells

The biocatalysis processes carried out by cells are

also stereo- and regioselective. The use of whole cells

provides an opportunity to add a new function to the

reactant and permits complex molecules without pro-

tecting them from decay. In addition, the cells as bio-

catalysts do not require complicated reaction condi-

tions, and when used in an immobilized form, they

can be recovered and used in subsequent transforma-

tions.

The use of whole cells is of course mainly the use

of their enzymes. For example, amino alcohols and

amino acids are formed by oxidoreductases and ami-

notransferases, while enantioselective hydroxylation

and epoxidation is catalyzed by cellular monooxyge-

nases, and many chiral products are synthesized by

the action of hydrolases. However, the pharmaceutical

industry increases the use of enzymes by themselves,

because the complexity of processes occurring in the
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cell is more difficult to control when compared to the

relative simplicity of pure enzyme action [7, 10, 12].

Before using the cells as biocatalysts, they can also

be modified earlier. Recombinant DNA technology

can be applied here, leading to increased production

of the desired enzymes [17].

Production of cephalosporin C

b-Lactam antibiotic, belonging to antibodies, cepha-

losporin is formed on the basis of three amino acids,

the same as other antibiotics in this group. These

amino acids are: L-a-aminoadipic acid, L-lysine and

L-valine.

During the synthesis of biocatalyzed cephalosporin

by means of Acrimonious chrysogenum, three basic

amino acids are converted into d-(L-a-amino-

adipyl)-L-cysteinyl-D-valine (ACV) in a reaction

catalyzed by ACV synthetase. Another key step is the

cyclization of the linear ACV. This way, isopenicillin

N (IPN) is created, which is a bioactive intermediate

whose synthesis reaction is catalyzed by isopenicil-

line N synthetase (IPNS). Epimerases converts IPN

into penicillin N, which is a precursor for the synthe-

sis of cephalosporins and cefamycins. Then, added to

the biosynthesis is the synthetase of deacetoxycefalo-

sporin C, an enzyme catalyzing the reaction of con-

version of penicillin N in deacetoxycefalosporin C

(DAOC) and DAOC hydroxylase creates deacetylce-

falosporine C (DAC). The last reaction and simulta-

neously at the same time the limiting step is the acety-

lation by acetyl-CoA DAC: DAC, leading to the for-

mation of active cephalosporin C [8] (Fig. 2).

The synthesis of this antibiotic is carried out by the

fermentation of “fed-batch”, powered initially by car-

bohydrates changed in the later stages into oils. The

growth of fungi on oils is slow, thus the mycelia begin

to form multicellular artrospores. This facilitates the

access of air, which increases the synthesis of cepha-

losporins. The pH is maintained at 6.2–7.0 and the

temperature at 24–28°C [10].
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Production of Ziagen®

Ziagen®, whose active ingredient is abacavir, [(1S,4R)-

4-[2-amino-6-(cyclopropylamino)purin-9-yl]-1-cyclo-

pent-2-enyl]methanol (Fig. 3), manufactured by

GlaxoSmithKline, is used for HIV and HBV infec-

tions. Abacavir, a reverse transcriptase inhibitor, is

a 2-aminopuric nucleoside analogue. The intermedi-

ate for the synthesis of this drug is g-lactam (2-

azabicyclo[2.2.1]hept-5-en-3-one). The connection to

the lactam ring of the acyl groups (butyloxycarbonyl

BOC or acetyl) allows the use of other hydrolyzing

enzymes that are cheaper than g-lactamase. Savinasis

(subtilisin) enantioselectively hydrolyzes g-lactams

with substituents most efficiently. Savinasis is an in-

expensive, universal serine protease from recombi-

nant strains of Bacillus, manufactured by Novozyme

and used primarily as a detergent enzyme. Its use to

begin with was its employment as a detergent enzyme

in large-scale drug production [22].

Biotransformations of g-lactams by a serine prote-

ase is carried out at pH 8 (a phosphate buffer) in the

presence of an organic solvent (e.g., tetrahydrofuran)

and a temperature of 30°C. The biocatalysis is sub-

jected to a racemate 2-azabicyclo[2.2.1]hept-5-en-3-

one with a concentration of 100 g/l. The isolated

product exhibits enantioselectivity of more than 99%

ee. When the substrate of savinasis is cis-2-acetyl-2-

-azabicyclo[2.2.1]hept-5-en-3-one, the obtained enan-

tiomer also has ee > 99%. This process is the basis for

the preparation of g-lactams with N-substituents and,

finally, following the additional reactions, abacavir in

large scale, low-cost production [22].

Metabolic engineering

Metabolic engineering is the development and appli-

cation of recombinant DNA technology and it is based

on its tools, but first of all requires an adequate

knowledge of cell chemistry synthesis routes. In addi-

tion, metabolic engineering is used, among others, in

biocatalytic productions. The purpose of its applica-

tion is the change in metabolic pathways, or to intro-

duce new ones, which ultimately leads to increased or

decreased production of a particular product, or the

synthesis of a new compound. Its definition is “to im-

prove the cellular activity of the cells by changing the

activity of the enzyme’s transport and the regulatory

functions of cells with recombinant DNA technology”

[6]. The pharmaceutical industry uses metabolic engi-

neering to obtain the largest possible number of im-

portant substances in pharmacology. They can also be

prodrugs. The basic aim of prodrug design is to mask

undesirable drug properties, such as low solubility in

water or lipid membranes, low target selectivity,

chemical instability, undesirable taste, irritation or

pain after local administration, presystemic metabo-

lism and toxicity [26]. The need to develop this tech-

nology was due to the unpredictability of the random

mutations that occurred during mass production of

amino acids and antibiotics. Metabolic engineering in-

volves the modelling and analysis of pathways and tools

for the application of this method, evolutionary engi-

neering, directed evolution, mutagenesis, and others.

Modelling tools and analysis of metabolism

Prior to the application of metabolic engineering in

the manufacturing of pharmaceuticals, one must first

get to know the route, which will then be subjected to

change. Helpful here are, for example, DNA microar-

rays (DNA chips), or the examination of the role of

genes or the spectrum. The first step is to restore as

many as possible of the metabolic routes that are used

for high-performance sequencing and analysis of gene

expression. Then, the mathematical theory of graphs

(with the graph showing the network of reactions and

metabolites) attempt to fit substrates and products,

and the intracellular responses, in addition to examin-

ing the reversibility of the reaction, and the balance of

metabolites. For the analysis of the second property,

MBA (metabolite balancing analysis) is used. The

MBA is complemented by isotopomer distribution

1106 Pharmacological Reports, 2013, 65, 1102�1111

Fig. 3. Abacavir



analysis (analysis of isotope separation), which pro-

vides spectral information. The resulting model

should eventually contain sufficient information to es-

timate the unknown part of the pathway [3].

Evolutionary engineering

Evolutionary engineering is based on fundamental

natural properties such as cell growth or development,

which is something that can change over time and

eventually lead to adaptation to new conditions.

Therefore, an overlap in the cell properties is used, as

well as changes in the functions of metabolism. In

many cases, however, the behavior of cells interferes

with the changes that have been introduced. Despite

this adversity, when one manages to correctly apply

evolutionary engineering, a modified whole cell [19]

is obtained.

Improving the resistance to stress

Strains of organisms with increased resistance to stress

are capable of better and easier production. Stress may

be presented to the cells by external factors such as an-

tibiotics, toxins, or too few nutrients. There is also

metabolic stress, when the cell collects some harmful

substances or there is an overexpression of proteins.

Adaptation of strains to the stressor means that micro-

organisms are produced in the presence of this adverse

factor. During the development of the culture of the

cells it slowly gains immunity and survives in harsh

environments. After the isolation of such a strain, it can

be used in the production of a substance even at high

concentrations of stress generating factors [19].

Increasing the substrate utilization

To increase the consumption of a substrate, a method

similar to that of improving the resistance to stress is

used. Strains modified this way at the beginning of

the manufacturing process use less of the substrate.

An example is the production of ethanol, where it is

cheaper when the substrate is inexpensive sugar, xy-

lose. Xylose is not readily accepted by most organ-

isms. Cells grown in high concentrations of this type

of sugar eventually become capable of its rapid con-

sumption. Typically, such a mechanism starts several

new steps in the metabolism of microorganisms [5].

Increasing the production of metabolites

The increased amount of product is obtained by the ex-

tension of the trail, which is responsible for the forma-

tion of the substance. The most effective method in-

volves using recombinant DNA technology. In this way,

antibiotics, vitamins and polypeptides are produced. The

method in question can get antibiotics with improved

properties or completely new structures. Until recently,

antibiotics from Streptomyces sp. were prepared using

random mutagenesis before being checked later for mu-

tants with increased productivity. Today this method is

developed. It employs the fact that genes are linked to

many antibiotics and are therefore similarly controlled.

Accordingly, for example, genes for controlling the pro-

duction pathway are cloned-in and this leads to overex-

pression of the desired substance. To create new antibi-

otics, genes from different organisms are used and intro-

duced into one, which forms as a result of the expression

of a hybrid with new properties [5, 18].

Directed evolution

Directed evolution is different from natural evolution

due to the fact that the effect of the former is established

at the beginning of the process in laboratory conditions,

and the following measures are undertaken to achieve

a certain goal in cell metabolism. Frequently, due to the

process being easier, the evolution involves a single

gene, although sometimes this also works over all such

genes [19]. The gene designed to change the trail or

even the whole body is set at the beginning, with the

kind of changes it intends to receive. Then, a library of

mutants is created, using recombinant DNA technology.

The selected item is subjected to random mutagenesis,

recombination or semi-rational gene mutagenesis. The

effects of these processes may be different, so the

screening of corresponding mutants is carried out to

meet the assumptions of the selected synthetic evolu-

tion. Finally, directed evolution can be used to force

changes in metabolism, increase the production of sub-

stances used in the pharmaceutical industry and to in-

crease the affinity with antibodies or cytokines [24].

The production of artemisinin acid

– a precursor drug for malaria

Artemisinin is a popular and effective treatment for

malaria, and is a sesquiterpenic lactone derived from

wormwood, Artemisia annua L. Artemisinin reacts

with iron ions contained in plasmodia, protozoa that
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cause malaria and, as such, its effect is antimalarial

[8]. The precursor of this drug is artemisinin acid. In

order to increase the production of artemisinin, which

is difficult to obtain from its natural producer, the

tools from metabolic engineering are used to obtain

the compound or its precursor with strains of microor-

ganisms. The work to improve the synthesis of artem-

isinin is still ongoing, but more and more known ways

to improve the production of this lactone are used.

One method uses a modified strain of S. cerevisiae,

whose artemisinin acid synthesis requires three steps:

1. Modification of the mevalonianic route to increase

the production of farnesyl pyrophosphate (FPP). The

precursor here is acetyl-CoA.

2. Conversion of FPP into amorfadien. The enzyme that

catalyzes the reaction is amorfadien synthase (ADS).

3. Oxidation of amorfadien to artemisinin acid.

The first step to produce the precursor of artemisi-

nin was to create an artificial amorfadien synthase

gene from cDNA derived from its natural, vegetable

producer – Artemisia annua L. This gene was cloned

into a strain of S. cerevisiae. The next step led to the

over expression of the upc2-1 gene, encoding the

transcription factor in the synthesis of sterols and

clipped form of the gene encoding 3-hydroxy-3-

methylglutarylcoenzym A (tHMGR), conducting the

reaction of the conversion of HMG-CoA to mevalo-

nate in a PPF pathway. The expression of the gene en-

coding squalene synthase, an enzyme whose substrate

is PPF, was lowered. The next stage, namely the oxi-

dation of amorfadien to artemisinin acid in A. annua

is carried out by cytochrome P450 monooxygenase.

The sequences were obtained for this EST enzyme

(expressed sequence tag), meaning the transcripts by

themselves, with two Asteraceae crops – sunflower

and lettuce. Primers were developed here for the

CYP71 (P450 subclass), which were used to isolate

the gene from A. annua P450 and cloning it into the

cDNA to S. cerevisiae. The modified yeast strain then

started producing cytochrome P450 oxidoreductase,

and thus was able to effectively oxidize the artemisi-

nin acid to amorfadien. By subjecting the artemisinin

acid obtained for biotransformation, therapeutic

artemisinin is likewise obtained [20].

The production of the vitamin C precursor

Precursor of ascorbic acid, 2-keto-L-gluconic acid

(2-KLG) is produced on a large scale. The synthesis of

this substance consists of two stages of fermentation:

1. The transformation of glucose to 2,5-diketo-D-

gluconate (2,5-DKG) by a strain of Erwinia herbicola.

2. The conversion of 2,5-diketo-D-gluconate to

2-KLG by the Corynebacterium strain.

Through metabolic engineering, it became possible to

carry out the production process of the precursor of

vitamin C in one step, by modifying the strain of E.

herbicola. The gene encoding 2,5-DKG reductase

was isolated from Corynebacterium, and then intro-

duced into the genome of E. herbicola. 2,5-DKG re-

ductase catalyzes the conversion of 2,5-DKG to the

desired precursor. This recombinant strain of Erwinia

herbicola produces 120 g/l2-KLG [5].

Molecular modelling

Molecular modelling is a collection of (computer

based) techniques for deriving, representing and ma-

nipulating the structures and reactions of molecules.

One of the basic tenets of medicinal chemistry is that

biological activity is dependent on the three-

dimensional placement of specific functional groups

(pharmacophores). Over the past few years, advances

in the development of new mathematical models

which describe chemical phenomena and the develop-

ment of more intuitive program interfaces, coupled

with the availability of faster, smaller and affordable

computer hardware, have provided experimental sci-

entists with a new set of computational tools. These

tools are being successfully used, in conjunction with

traditional research techniques, to examine the struc-

tural properties of existing compounds, and to de-

velop and quantify a hypothesis which relates these

properties to observed activity and utilize these

“rules” to predict properties and activities for new

chemical entities.

Quantum mechanics

Quantum mechanics is one of the oldest mathematical

formalisms of theoretical chemistry. In its purest

form, quantum theory uses well known physical con-

stants such as the velocity of light, values for the

masses and charges of nuclear particles and differen-

tial equations to directly calculate molecular proper-

ties and geometries. This formalism is referred to as

ab initio (from first principles) quantum mechanics.
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The equation from which molecular properties can

be derived is the Schrödinger equation,

HY= EY

where E is energy of the system, Y is the wave function

which defines the Cartesian and spin coordinates of the

atomic particles and H is the Hamiltonian operator.

Unfortunately, the Schrödinger equation can be

solved only for very small molecules such as hydro-

gen and helium.

Quantum mechanics utilizes a set of mathematical

descriptions to define a theoretical model for the be-

havior of molecules. The validity of these models can

be gauged by comparing structures and properties de-

rived from the model with experimental results. In

general, ab initio methods are able to reproduce labo-

ratory measurements for properties such as the heat of

formation, ionization potential, UV/visible spectra

and molecular geometry.

Since quantum methods utilize the principles of

particle physics to examine structure as a function of

electron distribution, their use can be extended to the

analysis of molecules as yet unsynthesized and

chemical species which are difficult (or impossible) to

isolate. Geometries and properties for transition states

(where the electronic character of component atoms

shifts from that found in the material at the start to

that of the products) and excited states (where the

electronic configuration of the molecule is temporar-

ily perturbed by adding energy to the molecule) can

only be calculated using quantum methods.

Molecular mechanics

Molecular mechanics is one aspect of molecular mod-

elling, as it refers to the use of classical mechanics to

describe the physical basis behind the models. Mo-

lecular models typically describe atoms (nucleus and

electrons collectively) as point charges with an asso-

ciated mass. The interactions between neighboring

atoms are described by spring-like interactions (repre-

senting chemical bonds) and van der Waals forces.

Molecular mechanics is a mathematical formalism

which attempts to reproduce molecular geometries,

energies and other features by adjusting bond lengths,

bond angles and torsion angles to equilibrium values

that are dependent on the hybridization of an atom

and its bonding scheme (this atom description is

referred to as the atom type). Rather than utilizing

quantum physics, the method relies on the laws of

classical Newtonian physics and experimentally de-

rived parameters to calculate geometry as a function

of energy [15]. The general form of the force field

equation is:

Epot = SEbnd + SEang + SEtor +SEoop + SEnb+ SEel

where Epot is the total energy, Ebnd is the energy re-

sulting from deforming a bond length from its natural

value, is calculated using Hooke’s equation for the de-

formation of a spring (E = 1/2 Kb(b–bo)2 where Kb is

the force constant for the bond, bo is the equilibrium

bond length and b is the current bond length), Eang is

the energy resulting from deforming a bond angle

from its natural value, is also calculated from Hooke’s

Law, Etor is the energy which results from deforming

the torsion or dihedral angle, Eoop is the out-of-plane

bending component of the energy, Enb is the energy

arising from non-bonded interactions and Eel is the

energy arising from coulombic forces.

When the terms shown in the general form of the

force field are expanded, it becomes an equation:

Epot = S1/2Kb(b–bo)2 + S1/2Kq(q-qo)2+

S1/2Kf(1+CosNF)2 + S1/2Kc(c-co)2

S( (BB/r)1 2 – (A/r)6) + S(qq/r)

The manner in which these terms are utilized to

build a model is referred to as the functional form of

the force field. The force constans:

kb kq kf kc

and equilibrium values:

bo qo kf kc

are atomic parameters which are experimentally de-

rived from X-ray, NMR, IR, microwave, Raman spec-

troscopy and ab initio calculations on a given class of

molecules (alkanes, alcohols, etc.). The energy of the

atoms in a molecule is calculated and minimized using

a variety of directional derivative techniques.

Each of the methods described above are used to

calculate the energy of a compound in a specific 3D

orientation and to optimize the geometry as a function

of energy (i.e., adjust the coordinates of each of the

atoms and recompute the energy of the molecule until

a minimum energy is obtained). Coupled with other

numerical techniques, they also can be used to

simulate the time-dependent behavior of molecules

and explore their conformational flexibility [15].
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Molecular dynamics

Molecular dynamics combines energy calculations

from force field methodology with the laws of Newto-

nian (as opposed to quantum) mechanics. The simula-

tion is performed by numerically integrating New-

ton’s equations of motion over small time steps (usu-

ally 10�15 s or 1 fs). The simulation is initialized by

providing the location and assigning a force vector for

each atom in the molecule. The acceleration of each

atom is then calculated from the equation a = F/m,

where m is the mass of the atom and F the negative

gradient of the potential energy function (the mathe-

matical description of the potential energy surface).

The Varlet algorithm is used to compute the velocities

of the atoms from the forces and atom locations. Once

the velocities are computed, new atom locations and

the temperature of the assembly can be calculated.

These values are then used to calculate trajectories, or

time dependent locations, for each atom. Over a pe-

riod of time, these values can be stored on a disk and

played back after the simulation has completed, pro-

ducing in effect a “movie” of the dynamic nature of

the molecule [2].

Simulations of molecular dynamics have been used

in a variety of biomolecular applications. The tech-

nique, when combined with the data derived from nu-

clear magnetic resonance (NMR) studies, has been

used to derive 3D structures for peptides and small

proteins in cases where X-ray crystallography was not

practical. Additionally, the structural, dynamic and

thermodynamic data from molecular dynamics pro-

vided insights into the structure-function relation-

ships, binding the affinities, mobility and stability of

proteins, nucleic acids and other macromolecules that

cannot be obtained from static models [16].

Paulsen and Ornstein used dynamics to explain

substrate orientation and the product profile for the

oxidation of thiocamphor bound to cytochrome P450

[20]. Karplus and Gelin demonstrated that conforma-

tional changes are required in hemoglobin to permit

oxygen transport and discussed potential pathways for

oxygen migration into the active site [11]. This study

is of interest because static models of hemoglobin,

some of which are based on X-ray data, do not show

sufficient entry space to permit oxygen molecules to

diffuse into the active site. The dynamic motion of

hinge regions in the protein is necessary to account

for this activity.

Steered molecular dynamics (SMD) simulations, or

force probe simulations, apply forces to a protein in

order to manipulate its structure by pulling it along

desired degrees of freedom. These experiments can be

used to reveal structural changes in a protein at the

atomic level. SMD is often used to simulate events

such as mechanical unfolding or stretching.

Conclusions

These processes dominate the biotechnological pro-

duction methods of therapeutics, and recombinant

DNA technology as a primary tool in most of them,

allowing for continuous development and improve-

ment. Due to genomics, the study of genomes of or-

ganisms, and proteomics, studying the general protein

synthesized in the cell, a lot of information is ob-

tained, which then serves as the basis for the design of

new biopharmaceuticals [24].

Molecular modelling methods are now routinely

used to investigate the structure, dynamics, surface

properties and thermodynamics of inorganic, biologi-

cal and polymeric systems. The types of biological

activity that have been investigated using molecular

modelling include protein folding, enzyme catalysis,

protein stability, conformational changes associated

with biomolecular function, and molecular recogni-

tion of proteins, DNA, and membrane complexes.

Biotechnology is thus a rapidly expanding field,

clearly illustrating the possibility for the effective

treatment of diseases that presently seem incurable.
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