
MICROBIAL PRODUCTION OF PENICILLIN 

 

Penicillins are the best known and probably the most important antibiotics. Penicillin was discovered 

by Alexander Fleming in 1929.  

 

Chemical structure 

The penicillins have a common chemical nucleus and differ principally in the chemical structure of side 

chain attached to this nucleus.  The basic structure of penicillin is 6-aminopenicillanic acid (6-APA). 

It consists of a thiazolidine ring with a condensed β-lactum ring. The 6-APA ring carries valuable 

acyl moiety in position 6. The β-lactum ring is constructed from L-cysteine and L-valine and includes 

three carbon and one nitrogen atom. Penicillin-G is the currently the most popular natural penicillin. 

Other types are penicillin –V and penicillin-F. 

                                                          

                                                  Chemical structure of penicillin 

Mode of action 

Penicillin, being β-lactum antibiotics, are specific inhibitors of bacterial cell wall synthesis. They 

target the synthesis of peptidoglycan by specifically binding to ‘penicillin binding protein’ (PBP) 

of bacterial cell wall. This binding inhibits the enzyme activity of this protein. 

 

Culture medium 

The medium of a typical feed batch culture may vary depending on strain and usually consists of: 

i) Corn steep liquor (CSL) 

ii) An additional nitrogen source such as soya meal, yeast extract, or whey. 

iii) A carbon source such as lactose. 

iv) Various buffers.  

Phenyl acetic acid is used as precursor for Penicillin-G and phenoxy acetic acid for penicillin and 

penicillin-F.   

Inoculum medium is similar to production medium except lactose and precursors are not included.  

A typical production medium for fermentation as suggested by Sylvester and Coghill (1954) has the 

following composition: CSL solids-30g, Lactose-30g, Glucose-5g, NaNO3-3g, MgSO4.7H2O-0.25g, 

ZnSO4-0.044g CaCO3-3g, Phenyl acetic acid-0.05g, Distilled water-1000ml (PH 5.5-6.0) 

 

Production procedure 

1) Commercial production of penicillin is usually via a fed batch process carried out aseptically in 

stirred tank reactor. 

2) The fermentation involves an initial vegetative growth phase followed by antibiotic production 

phase. 

3) Cultures of Penicillium chrysogenum are maintained on M2 agar. For inoculum production, spores 

from heavily sporulated working stocks are suspended in water. 

 

 

 

 

 

4) These spores are then added to flasks of wheat bran plus nutrient solution and these are incubated 

for 5-7 days at 24°c, so as to provide heavy sporulation.  

5) The resulting spores are then used directly to inoculate inoculum tanks. These tanks are equipped 

with air spargers, agitators, cooling coils for temperature control and anti-foam addition devices. 

6) The inoculum tanks are incubated for 24-48 hrs with aeration and agitation in order to obtain heavy 

mycelial growth. 

M2 agar: Glycerine-10g, Glucose-10g, NaCl-10g, Yeast extract-5g, KH2PO4-0.5g, MgSO4.7H2O-trace, 

Agar-15g, Distilled water-1000 ml. 

Sporulating Medium (Moyer & Coghill, 1946): Glycerol – 7.5g, Cane molasses – 7.5g, CLS – 2.5g, 

MgSO4.7H2O – 0.05g, KH2PO4 – 0.06g, Peptone – 5g, NaCl – 4g, Iron tartarate – 0.005g, CuSO4 – 0.004g, 

Distilled water – 1000ml  
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7) After several stages of growth, the production culture is ready. In a typical penicillin fermentation, 

there is growth phase of about 40 hrs of duration with a doubling time of 6 hrs. During this period, the 

greatest part of the cell mass is formed. During the first 20-30 hrs, the fungal growth becomes very 

thick and heavy. The O2 supply in the growing culture is critical, since the increasing viscosity hinders 

O2 transfer. 

8) This resulting inoculum is then inoculated in the production tank. These tanks are equipped with 

devices for continuous addition of sterile glucose syrups, pH control, and foam sensing devices to 

activate automatic addition of anti-foams and metering pumps for continuous addition of sterile phenyl 

acetic acid. 

9) The production tanks are inoculated by employing air pressure to force inoculum in the tank. 

10) During production, periodic samples are removed for determination of penicillin yields and for 

contamination checks. This contamination checks are important, because penicillin fermentation are 

quite sensitive to contamination by penicillinase producing organisms. 

11) The pH remains constant at the start of fermentation. But as soon as the carbon compounds become 

depleted and some of the lactic acid of corn steep liquor is utilized, ammonia is liberated and pH rises. 

The mould uses lactose to produce penicillin and a very little further growth occurs. 

12) At the end of fermentation, the pH rises to a higher level because depletion of lactose causes 

autolysis of the mycelium. The penicillin fermentation is harvested at this time. 

 

Purification and recovery 

Penicillin in the acid form is solvent extractable, and the antibiotic dissolved in an organic solvent can 

be back extracted as a salt in aqueous solution. These considerations in general are made use of for the 

recovery and purification of penicillin from harvested broth. 

1) The penicillin broth is harvested from the fermenter and chilled at 5-10°c. 

2) The Penicillium chrysogenum mycelium is then filtered on a rotary vacuum filter to remove the 

mycelium and the other solids. 

3) Phosphoric acid is added to lower the pH, in order to convert the penicillin to the anionic form. 

4) The broth is immediately extracted in counter current extract with an organic solvent such as butyl 

acetate. 

5) The penicillin is then back extracted into water from the organic solvent by adding enough 

potassium or sodium hydroxide to form a salt of the penicillin. 

6) The resulting aqueous solution is again acidified and re extracted with butyl acetate. This shift 

between water and solvent aids in purification of penicillin. 

7) The solvent extract finally is back extracted with aqueous potassium to crystallize penicillin as 

potassium penicillin salt. 

The penicillin crystals thus obtained are mixed with volatile solvents to remove further impurities. The 

crystals are collected by filtration and air dried. At this stage the penicillin obtained is 99.5% pure. 

 

Semisynthetic penicillin  

Different penicillins differ in their acyl side chains. One method of varying the side chains of 

penicillins is to semisynthetic modification of 6-aminopenicillinic acid (6 APA).  

6-APA is produced commercially by hydrolysis of penicillin-G or Penicillin-V with an enzyme 

penicillin acylase, which hydrolyses only side chain amide group. Penicillin acylase activity is present 

in a wide range of bacteria, actinomycetes, fungi, yeasts and so on. In industry Escherichia coli and 

Bacillus megatarium are the strains mainly used for this purpose. The preferred substrate for bacterial 

enzyme is generally penicillin-G, while fungal enzymes preferentially hydrolyze penicillin-V to 6APA. 

The most widely used source of penicillin acylase is E. coli. Although an efficient chemical process, 

which operated on a commercial scale, was developed, the enzymatic process is still used extensively. 

Indeed 6-APAproduction is one of the first successful commercial applications of immobilized 

enzymes. The penicillin salt is used at 12-15% (W/V) for enzymatic hydrolysis and PH is maintained 

between 7-8. 6APA can be recovered by precipitation at PH 4 in the presence of a water immiscible 

solvent. In the process the unused precursor acid is recovered which can be conveniently recycled. A 

huge number of penicillin analogues with varying acyl side chains are now obtained through 

semisynthetic route starting from 6 APA. Ampicillin, amoxixillin, carbencillin, cloxacillin, 

dichloxacillin, methicillin and oxacillin are few examples. 

 



 


