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DEVELOPMENT OF AN INDUSTRIAL BIOLOGICAL PROCESS

Clear idea of product required

Selection of producing organism 

strain screening

Formulation of medium 
requirements

Optimization of medium

Small scale culture: 
choice of reactor, 

batch, fed-batch, continuous 

Process control requirements

Scale-up < 100 Litres

Marketing

Strain improvement, 
genetic engineering etc.

Process kinetics: 
productivity,yield

Absolutely no!

Re-investment, 
new processes

Yes

No

No

Yes

Effluent recycle or 
disposal

Byproducts?

Product purification
Biomass and product 

separation

Crystallization, drying, 
concentration

Storage properties, stability

Product field trials

FDA approval, product
licence etc.

Are yield,

conversion

productivity 

okay?

Is the process

profitable?



Design criteria

⚫ Concentration

⚫ Productivity (volumetric, specific)

⚫ Yield/ conversion

⚫ Quality

– Purity

– Sequence

– Glycosylation

– Activity (in vitro, in vivo) 



Design criteria for pharmaceutical 

product

Order of importance

⚫Quality

⚫Concentration

⚫Productivity

⚫Yield/ Conversion



Design criteria for bulk product e.g. 

ethanol

Order of importance

⚫Concentration

⚫Productivity

⚫Yield/ Conversion

⚫Quality



For new process

⚫ Clearly define product, quality and activity

⚫ Market analysis to determine application and market 
share

⚫ Estimation of dose and frequency of dose (mg/dose 
and mg/treatment)

⚫ Estimation of desired productivity (g/year)

⚫ Estimation of scale of production based on known 
kinetics

⚫ Estimation of production costs and sale price



Novel processes: Gene & Cell Therapy

ATMP - Advanced therapy medicinal products



Products and Processes?





Purposes of Bioreactors

• Cultivation of microorganisms for the production of 

biological products, e.g. antibiotics and other pharmaceuticals, 

bulkbiochemicals, fine chemicals

• Cultivation of microorganisms for the study of their 

physiological characteristics

• Screening of organisms, e.g. for selecting optimal enzyme from a 

clone library, for physiological characterization of mutants

• Incubation of enzymes for biotransformation



Bioreactor = Fermenter

Equipment / Components

- Filling / Empty (Valves-soupape)

- pressure resistant (sterilisation)

- Mixing 

- Temperature control (cooling / heating)

- Gassing (air / oxygen)

- Air in (Mass flow meter/Filter)

  - Distribution (Nozzle, injector..)

  - Air out (Filter)

 - Supervision:

  - pH

  - pO2

  - T

  - ….

 - Size / Volume:

  - laboratory: 1-20 L

  - industry: 10 – 400 m3



Bioreactor Design Criteria





Link: Produktionsverfahren.ppt

file://NWEADMIN/HOME/USERS/EYK/Vorlesung 4. Semester SS2007/Produktionsverfahren.ppt


Nutrients (Substrate)

Criteria Source

Energy source light

oxidation of chemical 

substances

Photosynthetic

Chemotroph

C-source CO2

org. compounds

Autotroph

Heterotroph

H2-donor anorg. compounds

org. compounds

Litotroph

organotroph



Nutrients (Substrate)
Biomass Yield: 

Yx/s [g X/g S] = ∆X/∆S

Depending on:
 Kind of substrates (KH, RH, ROH, RCOOH) 

 Substrate concentration (Substrate inhibition)

 Form of metabolisms:

  Glucose: fermentation (2 ATP); respiration (36 ATP)

 Way of metabolism (Diversity of Microorganisms)

  Glycolyse (EMP-way)

  Pentose-phosphate-way

  Entner-Doudroff-Way

 Growth rate (maintenance metabolism)



Upstream process - raw materials

Oxygen as substrate

Oxygen demand 

Oxygen Uptake Rate (OUR)

Oxygen Transfer Rate (OTR)

Technical solutions: 



Upstream process - sterilisation
Removal of natural  biolog. contamination

Heat: N = No e –k*t

 Liquids: (Charge/Flow):

  - Pasteurisation (72°C; 30 min) 

  - vegetat. cells

  - UHT (130°C, 3-5 s)

  - Sterilisation: (121°C;15-20 min, 1,2 atü) 

 Solids: 180°C; 2 –4 h

 By-products:

  - colorisation; Lost of vitamins

Filtration:

 - membrane filtration (pores < 0,5 m)

   (gas /liquid)

 - depth filter [adsorption] (gas)

Chemicals:

 - oxidation compounds (ozone, Iodines, 

       chlorine)

 - alcohols (ethanol, phenol)

 - formaline

 - ethylenoxide

Radiation: X-; γ-beams



Biological material

Technically used  microorganisms

– Bacteria, yeast, molds

– origin and  isolation

Growth

– Influence factors (Kinetic, Temperature, pH)

– media / components / yield

Strain improvement (gene technology)

– mutation / selection

– DNA recombination

– cell fusion / hybride cells 

Video 

MIT1003XT314-V014700_DTH_14.mp4


Current Choices of Host Cells 

in Biotech

Bacteria Cells

Yeast Transgenic Animals

Transgenic Plants Animal Cells



Bacteria
- No compartments

- Size: 1-5 µm

- Difference:

 - shape

 - mobility

 - spores

 - cell structure

 - utilisation of substrate

 - anaerob / aerob

- growth: td= 0.2 –1 h

- low growth material demand

- DNA: circular (3-9 mio Bp),    

plasmids

- high metabolic activity

- simple cultivation

- big metabolic diversity

- GRAS



Yeasts

- compartments (eucaryont)

- Size: 10 µm

- growth: td= 2-10 h

- asco-spores (sexual cycle; dipoid/haploid)

- Genome: 4-16 Chromosoms; 10-20 Mio  

Bp; Plasmids

- cell wall: Mannan/ß-Glucan/Chitine

- heterotroph (pH 3,5 –5)

- simple cultivation

- low growth factor demand

- GRAS





Moulds / Molds

- compartments (eucaryont)

- Size: up to 100 µm, several cells

- branched, Hyphe, mycelia

- cell wall: Chitin/ ß-Glucane

- a sexual spore building 

- Sexual fruit body building

- GRAS

- aerobic metabolism

- easy cultivation



Basic Animal Cell Structures

• Complexity of cells: highly differentiated

• No cell walls

• Complex cell membranes, with transport functions, receptors and 
ion channels

• Complex highly differentiated intracellular cell membrane 
structures e.g. nucleus, endoplasmic reticulum, Golgi apparatus, 
mitochondria, lysosomes etc.

• Specialized protein secretion mechanisms (exocytosis and 
endocytosis)



Microbial cells are generally:

• unicellular, simple structure

• capable of living as individuals within an environment

• have little, if any cell-to-cell contact or communication 
between cells

• are adapted to growth in a range of environments

• are capable of synthesizing most cell components from
simple substrates

• usually have rigid cell walls- shear and osmotic stress 
resistant

• Support wide pH and temperature ranges

Important Differences Between Microbial and Animal 

cells



Animal cells are generally:

• of complex structure, highly differentiated forming part of specialized
tissues or organs

• not capable of living as individuals within an environment

• have important cell-to-cell contact and therefore communication 
between cells (e.g. have receptors and need hormones or other
signalling molecules

• are adapted to growth in specialized environments

• are not capable of synthesizing all cell components from simple 
substrates

• Shear and osmotic stress sensitive

Important Differences Between Microbial and Animal 

cells







Short summary

1. Overview 1

2. Overview 2

3. Bioprocessing Cell Culture Overview Video (1).mp4

4. Biomanufacturing is the vehicle to deliever biologics.mp4

5. Principles of cultivation.mp4

MIT1003XT314-V012100_DTH_17.mp4
MIT1003XT314-V017700_DTH_18.mp4
Bioprocessing Cell Culture Overview â€“ Two Minute Tuesday Video (1).mp4
6.biomanufacturing is the vehicle to deliever biologics.mp4
7.principles of cultivation.mp4


Definitions:

European Federation of Biotechnology(EFB)

1981: 

1989: 

Biotechnology is the integration of natural sciences and engineering 

sciences in order to achieve the application of organisms, cells, parts 

thereof and molecular analogues for products and services



Definitions:



Definitions:

Further definitions (often used in media)

- use of all biological techniques

- use of cell biological methods

- use of all molecular-biology methods

- Parts of modern medical diagnostics and therapy (somatic 

gene therapy, reproduction medicine, etc)



Definitions:



Introduction



Definitions:



The irreversible loss of the ability 

to multiply 

Death

Sterilization

The destruction or removal of all 

microorganisms



Sterility

Sterility means that no living 

microorganism is present

To reach sterility is a question about

PROBABILITY



Stirred Tank Reactor
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