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Summary

“Antibiotics” is an important group of medicines that is being used widely in
normal  medical practice. Antibiotics are prepared from micro-organisms by
fermentation process. Genetic engineering has increased and improved quantity of
antibiotic production.
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Introduction

Antibiotics are the substances derived from micro-organisms which inhibit the
growth of other micro-organisms or kill them (1). Antibiotics that inhibit the growth of
other micro-organisms are called bacteriostatic antibiotics. e.g. Tetracyclins. Antibiotics
that kill the other micro-organisms are called bactericidal antibiotics. e.g. Penicillins.

SOURCES OF ANTIBIOTICS

About 85% of antibiotics are obtained from Actinontycetes, 11% from Fungi and
4% from Bacteria (2).

Tablel: Sources of antibiotics

Antibiotic Source
Streptomycin Streptomyces griseus
Erythromycin Streptomyces erythreus
Lincomycin Streptomyces lincolnensis
Tetracyclin Streptomyces aureofaciens
Chloramphenicol Streptomyces venezuelae
Cephalosporins Cephalosporium species
Penicillins Penicillium species
FERMENTATION

Fermentation involves the cultivation of micro-organisms. First step in
fermentation is the isolation of the micro-organism. It is possible to isolate different
micro-organisms by enrichment technique (3, 4). Inoculation is done simply by scattering
spores on the substrate on which the micro-organisms grow. The apparatus in which the
growth of microorganisms is carried out is called fermentor. Several types of fermentor
are available (5,6) e.g. tray fermentor, rotary drum fermenter.
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GENETIC ENGINEERING

DNA portion of the micro-organism containing the antibiotic gene is cut by
restriction enzyme. A plasmid DNA is also cut with the same enzyme. Now DNA
fragment containing antibiotic gene is joined with the plasmid DNA by enzyme DNA
lygase. Many copies of these recombinant plasmids are transformed into the micro-
organism where the gene expresses and causes the production of the antibiotic (7, 8).

RELEASE OF INTRACELLULAR COMPONENTS

There are many ways to disrupt cells to liberate the product containing antibiotic (9).
Mechanical Methods

Bead Mill: A bead mill consists of a grinding cylinder. The cylinder is also filled with
small beads made up of glass or zirconium oxide. (10)

Homogeniser: Homogeniser causes the cell disruption by pumping the cell suspension
into its orifice with a high pressure.

Non-Mechanical Methods:
Heat Shock Method: Thermolysis can be used for heat stable products.

Chemical Cell Lysis: Detergents (such as cationic, anionic and non-ionic) and solvents
(such as octanol and acetone) solubalise the cell wall.

Enzymatic Cell Lysis: Lysozyme has ability to hydrolyse peptidoglycane of cell wall of
bacteria. Gluconase and mannase, often in combination with proteases, are used for
degradation of yeast cell wall.

SOLID-LIQUID SEPARATION
The required antibiotic in liquid form may be separated from solid wastes by
filtration.

Filtration:

Filtration is the separation of a solid-liquid suspension (e.g. fermentation broth)
into a concentrate (cake) and a liquid (filtrate) by means of a porous medium that retain
the solid but allow the liquid to pass (11, 12).

Broth Treatment (13):
1. Pre-treatment: Broth can be pre-treated to reduce the cake resistance.
There are two ways:
= Addition of filter aid: e.g. Diatomite, Perlite
* Addition of flocculent: e.g. Al sulphate, Polyamine

2. Post treatment: After the filtration, the cake can be washed and dried.
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CONCENTRATION OF PRODUCT

After separating the cake from whole broth, the filtrate contains upto 98% water.
Thus water must be removed. This can be done in different ways (14):

Evaporation: Evaporation is the vaporization of the liquid from its surface by heat.

Precipitation: In precipitation, the solubility is reduced by addition of salts (salting out)
or organic solvents. Then the insoluble solid is separated from the liquid. (15)

PURIFICATION

Next step for recovery of the product is purification. (16) Chromatography is usually
used for purification of antibiotics.

Chromatography:

Chromatography is a separation process based upon the differential distribution of
a mixture between two phases, one of which is percolated through the other. The fixed
phase is called stationary phase and the moving phase is called mobile phase. Column
chromatography is commonly used for the purification of antibiotics. During the process
of chromatography, one of the following principles involves:

Adsorption: 1If stationary phase 1is solid, adsorption is the principle of
chromatography.

Partition: If stationary phase is liquid, partition is the principle of chromatography.

Gel filtration: 1t i1s simple filtration that depends upon the molecular mass of
components and pore size of the packed gel

lon exchange: Here the exchange of ions occurs between the stationary phase and
the sample.

Table 2: Clinical uses of common antibiotics

Antibiotic Clinical Uses
Erythromycin Whooping cough
Diarrhoea
Tetracyclins Cholera

Urogenital infection
Chloramphenicol Meningitis
Gonorrhoea
Cephalosporins UTI

Tetanus

Gangrene
Penicillins Pneumonia
Infection of wounds
Meningitis

Tetanus

Gangrene
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FORMULATION

It is necessary for the antibiotics, to be developed into a suitable dosage form
(drug delivery system). For example as penicillin is unstable at low pH, it will be
destroyed in stomach if not given in a suitable dosage form. Thus it is developed in
injectable dosage form. The other antibiotics that are stable at stomach pH may be
developed into oral dosage forms.

USES OF ANTIBIOTICS

With the help of antibiotics we have been able to treat a large number of infectious
disease. Some clinical uses of common antibiotics are given here. (1)

References

1. Rang HP. Basic principal of chemotherapy. In: Rang HP, Dale MM, Rifler IM, eds. Pharmacology,
1999: 648-654.

2. Tyler VB. Antibiotics. In: Tyler VB, Brady LR, Robbers JE, eds. Pharmacognosy, 1988: 312-379.

3. Ashdown LR, Clarke SG. Evaluation of culture techniques for the isolation of  Pseudomonas
pseudomallei from soil. App Environ Microbiol 1992; 58: 4011-4015.

4. Veldkamp H. Enrichment cultures of prokaryotic organisms. Methods Microbiol 1970; 6: 305-361.

5. Aidoo KE, Henry R , Wood BJB. Solid substrate fermentations. Adv App Micro 1982; 28: 201-
237.

6. Nagatani M, Hattori Y and Nunokawa Y. Temperature distribution of solid culture of koji under
continuous aeration. Hakkokogaku 1977; 55: 175- 180.

7. Fincham JRS. Transformation in fungi. Micro Rev 1989; 53: 148-170.

8. Canosi U, Iglesias, Trautner TA. Plasmid transformation in Bacillus subtilis. Mol Gen Genetics
1981; 181: 434-440.

9. Krijgsman J. Release of intracellular components. In: Product Recovery in Bioprocess
Technology, publisher Butterworth-Heinemann Ltd, Oxford, England, 1992: 27-42

10. Reaztor LL. Properties of high speed bead mill for microbial cell rupture; Biotech and Bioeng
1979; 21: 745-77

1. Svrovsky L. Filtration  fundamentals; Solid-liquid ~ separation, 2M ed:
1981: 242-265

12. Purchas DB. Process engineering technique evaluation-Filtration. 1969: 23-29.

13. Esumi S, Shirato S. Filtration of a cultured broth of Streptomyces griseus. ] Ferm Tech Japaa
1963; 41: 86-92

14. Doan TV, Olivier JC. Preparation of rifampicin-loaded PLGA microspheres for lung delivery as
aerosol by premix membrane homogenization. Int J Pharm 2009;382:61-6.

I5. Chaney N, Wilson-Stanford S, Kastrantas J, Dahal N, Smith L. Rapid method for extracting the

antibiotic mutacin 1140 from complex fermentation medium yeast extract. Can J Microbiol. 2009;
55(11):1261-6.

16. Kula MR. Recovery operations. Biotech 1983; 2: 726-760.

154



