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Yeast are single-celled microorganisms that are 
classified, along with molds and mushrooms, as 
members of the Kingdom Fungi.

The English word yeast meaning “foam”, direct 
references to the fermentation processes

Yeasts can be defined as those fungi whose 

asexual growth predominantly results from 
budding or fission

basidiomycetous ascomycetes  

Yeast Habitats 
Atmospheric Yeasts 

Aquatic/Marine Yeasts 

Terrestrial Yeasts

Ascomycetes (e.g. Saccharomyces, 
Candida ) or Basidiomycetes (e.g. 
Filobasidiella, Rhodotorula). 



Isolation and maintenance of yeasts

Enrichment: Temperatures (20-25), Acidified medium (pH 3.5-5), Osmotic media (high 

concentration of glucose: 2-50% glucose), Use of antibiotics and other selective 
compounds ( Antibiotics: tetracycline at 50 ppm, combination of penicillin G and 
streptomycin at 150-500 ppm, chloramphenicol at 100-300 ppm) or Antifungals include 
cycloheximide (100-500 ppm), cyclosporine A (4-10 ppm), pimaricin (5-100 ppm), Rose 
Bengal (25 ppm), Dichloran (2 ppm). 

Dichoran (2, 6 dichloro-4-nitroanilline) Rose Bengal Chloramphenicol Agar 

(glucose, peptone, nutrients, …)

Isolation: YPD/YTD (glucose-yeast extract/peptone or tryptone Agar)

Maintenance of yeast cultures: Distilled water, Glycerol stock, 

Lyophilization, Liquid Nitrogen Preservation) 

In 1972, cells of Rhodotorula rubra were transported to outer space on the Apollo 17 mission. The cells were exposed to the 

vacuum of space and subsequently stored in sterile water for return to earth. After 27 years in aqueous suspension the cells 

were shown to be viable (Volz and Parent 1998)



Total number of known-fungal recognized: 150000 (2004)

Approximately 200 fungal pathogens (candida, Cryptococcus

spp. ) were recognized

approximately , 149 genera and 1,500 recognized yeast species 

listed in the latest edition of The Yeasts: a Taxanomic Study 

(2011). 

Of all these yeast species, only about a dozen is used at 

industrial scale, and some 70 – 80 species have been shown at 

laboratory/pilot scale to possess potential value in 

biotechnology (Kurtzman et.al., 2011; Deak, 2009). 
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Green chemistry: Healthy chemical reactions with safe products and  maximum efficiency, 

minimum consumption of matter and energy,  

Green chemistry “clean chemistry”.
introduced in the mid‐1990s by Anastas and 

colleagues of the US Environmental Protection 
Agency (EPA).



Microbial Biotransformation/Bioconversions ?

Fermentation?

Applications?

Advantages/disadvantages? 













Advantages of Whole-cell biocatalysts

►More convenient and stable sources than purified enzymes, , with no 

need for costly purification and coenzyme addition.

►The number of enzymes commercially available on the market (free or 

immobilized) is still quite limited, particularly for some types of uncommon 

substrates, namely some compounds of pharmaceutical interest.

►When the enzymes are kept within their natural environment (whole cell 

cytoplasm) lesser inactivation usually occurs 





























 ►In Germany in 2000 about 80% vanillin and other flavors used were 

natural reflecting the increasing health of the customers. 

 ►The US annual consumption of vanillin beans, all of which are imported 

from foreign countries, is 1200-1400 tons with a market value of about 100 

million dollars.

 Biotechnological production (1985) : 1) limited supply and high price of 

annual vanilla  , 2) high demand for natural vanillin 

 1) production of vanillin by de novo synthesis (unsuccessful) 

 2) production of vanillin by biotransformation. 























Vanillin production from eugenol and isoeugenol

Microorganism Final molar yield 

(%)

Initial substrate Reaction time 

(h)

Conversion system References

Serratia marcescence DSM 30126 20.5 20 g/l 212 growing culture Rabenhorst and 

Hopp 1991

Rhodococcus rhodochrous MTCC 289 58 1 g/l 72 whole cell Chatterjee et al. 

1999

Bacillus subtilis B2 14.0 1 % (v/v) 48 cell free extract Shimoni et al. 2000

Bacillus subtilis HS8 14.7 10 g/l 96 whole cell Zhang et al. 2006

Lysinibacillus fusiformis SW-B9 5.83 60 % (v/v) 72 aqueous-organic system Zhao et al. 2015

Pseudomonas putida IE27 71.0 150 mM (10% DMSO) 24 resting cell Yamada et al. 

2007

Pseudomonas chlororaphis CDAE5 12.6 10 g/l 24 growing culture Kasana et al. 2007

Bacillus pumilus S1 40.5 10 g/l 150 growing culture Hua et al. 2007

Bacillus fusiformis CGMCC 1347 17.4 50 g/l 72 addition of 12.5 g HD-8 resin Zhao et al. 2006

Candida galli PGO6 48.7 1 g/l 30 resting cell Ashengroph et al. 

2011

Psychrobacter sp. CSW4 13.8 10 g/l 48 resting cell Ashengroph et al. 

2012

Recombinant E. coli BL21 (DE3) 81 230 mM (10% DMSO) 6 - Yamada et al. 

2008















Theophylline (1,3-dimethylxanthine), a naturally occurring alkaloid, is found in small amounts in tea, 

coffee, and cocoa plants and is produced commercially for use in cosmetic products as a tonic and as 

an anticellulite product 

Theophylline is also used in the treatment of bronchial asthma, idiopathic apnea of prematurity, and 

dieresis, which is due to its desirable pharmacological properties such as diuretic, cardiac stimulation, and 

smooth muscle relaxation 

Most of the theophylline sold commercially is prepared from dimethylurea and ethyl cyanoacetate by 

traditional chemical transformations. However, the chemical transformation of theophylline has several 

drawbacks such as high cost, low efficiency, and use of catalysts that are not environment friendly. 

Hence, the microbial transformation of caffeine offers a cleaner, more economical alternative for the 

natural production of theophylline 

Caffeine (1,3,7-trimethylxanthine) is one of the most popular and commercially important plantderived

purine alkaloids. It is found in over 100 plant species among which Coffea arabica (coffee), Camellia 

sinensis (tea), Cola nitida (Cola) and Theobroma cacao (cacao) genera are prominent .

In spite of such distribution in beverages and food preparations, higher level of caffeine consumption 
through beverages and confectionary products led to higher risk of human health problems like headache, 
fatigue, abnormal muscle activity, heart irregularity, adrenal simulation, abnormal renal function and bone 
problems such as osteoporosis and alveolar bone loss in ligature-induced periodontitis

Additionally, caffeine as a by-product of decaffeination and from the coffee and tea processing plants 

is a renewable and economic substrate for the production of theophylline through biotransformation 

process








