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Exercise 1.1 Yield and purification factor 

After cells were lysed and the lysate clarified, 100 L of a liquid with protein 
concentration 0.36 mgprot/mL are obtained. The liquid features an enzyme activity of 
2.2 U/ml. It is known that the specific activity of the pure target molecule (i.e. the 
enzyme) amounts to 40.0 U/mgprot. 

Purification is then carried out and finaly, 2.0 L of a fraction containing the target 
protein are obtained. Total protein concentration in this liquid is 1.11 mgprot/mL , and 
the activity concentration is 43.2 U/mL. 

Please calculate:

1. The initial and final purity
2. The initial and final specific activity [U/mgprot] 
3. The purification yield
4. The purification factor
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Exercise 1.2 Average yield for a series of steps

Starting from 500 L of clarified broth containing 0.336 U/mL, one obtains after 6 
purification steps 2.35 kg dry product containing 92% protein and with a specific 
activity amounting to 48.9 U/gprot. 

1.  Calculate the average yield of each purification step

 

Source: www.ibioic.com Source: S.P. Schwaminger et al., Current Opinion in Biotechnology 7, 102768 (2022). 

https://doi.org/10.1016/j.copbio.2022.102768
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Exercise 1.3 a
Yield, mass balance and purifica-

tion factor

You are developing an affinity chromatography (AC) step for the purification of an 

enzyme (pI 4.6, 465 kDa, tetrameric structure). The process is performed at pH 6.5 in a 

citrate buffer, using a column with 8 mm int. diameter and 200 mm bed height. In this 

setup, you are loading a 20 mL sample with a protein concentration of 8.6 g/L and a 

total activity of 223 U. In the flowthrough (FT) and wash (W), you collect a volume of 

27 mL with a protein concentration of 1.7 g/L and no activity. During the elution step 

you collect three fractions (F1, F2, F3), each with 4 mL volume. Their composition is 

given on next slide, together with the corresponding chromatogram.

1. Calculate global mass and activity balances for this chromatographic step
2. Calculate the enzyme recovery yield
3. Calculate the purification factor for the enzyme
4. Now consider collecting and keeping fraction F2 only.

a. Would the enzyme yield drop significantly?
b. What would be the impact on the purification factor?
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Exercise 1.3 b
Yield, mass balance and purifica-

tion factor

Fraction Protein conc.  (mg/mL) Activity conc. / (U/L)
F1 7.8 3 450
F2 12.1 50 900
F3 10.5 2 110
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Exercise 1.4 What happened?

The specific activity of an enzyme (expressed in U/gprot) has increased steadily over the 
first three steps of its purification before starting to decrease.

The electrophoretic analyses however show that the amountof contaminants 
decreases continuously over the whole process. Further, the final fraction is  almost 
completely devoid of contaminants and the protein can be considered pure. 

1.  What do you think happened? 

2. What would you propose to reduce the loss of specific activity?
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Exercise 1.5 Mass, volume and activity balances

Please complete the flowsheet that 
describes the purification steps of an 
industrial enzyme. 

Taking into account mass and activity 
balances, determine the overall 
purification yield.

PS: The diagram is shown in a separate 
document to be found in the Moodle (only 
a miniature version is shown on the right) 
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Exercise 1.6 Selection of a proper DSP sequence

As a development engineer  you are asked to purify a recombinant enzyme from a 
culture of Escherichia coli at industrial scale. 

Choosing from the list of techniques below,please select a logical sequence of 6 
purification steps that will take you from the content of the bioreactor to a reasonably 
pure form of your enzyme (many possible answers). Draw the corresponding flow 
sheet.

NB: it is worth mentioning that E. coli is (usually) not able to excrete the product into 
the surrounding medium. Also, certain methods can be used repeatedly.

Purification techniques:  Ion exchange chromatography – Sedimentation – Liquid-
liquid extraction – Precipitation – Ultrafiltration – Bead mill -  Refolding - Diafiltration - 
Crystallization – High pressure homogenization – Gel electrophoresis – Centrifugation  

- Size exclusion chromatography – Electrodialysis – Destillation - Absorption
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Exercise 1.7 Purification of erythromycin A

You have been given the assignment to purify the antibiotic erythromycin A from a S. 
erythraeus fermentation broth. You have at your disposal the Merck Index, which has the 
information on erythromycin shown on the next page. 

1. On the graph next page, identify the two sugar moieties present in the erythromycin A 
molecule, i.e. cladinose and desosamine.

2. The total synthesis of erythromycin A has been achieved, e.g. by R.B. Woodward et al., 
JACS 103, 3215 (1981). Why then decide to produce the antibiotic by fermentation? 

3. Starting with the content of your bioreactor at the end of the fermentation, propose 
two or three first steps (unit operations) you could use for the purification of 
erythromycin. 

Source: www.medicinedirect.co.uk

Streptomyces erythraeus, a.k.a. 

Saccharopolyspora erythraea
Source: https://bacdive.dsmz.de
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Exercise 1.8 Insulin production and producers

The role of insulin and its therapeutic potential were identified around 1920 by 
Frederick Banting and his student Charles Best, two Canadian researchers. They were 
also the first to successfully isolate the molecule. 

In 2023, the world insulin market amounted to ca. USD 28 billion, and it is expected to 
grow up to USD 45 billion by 2035. Make a brief documentary search and answer the 
following questions: 

1. How was insulin produced in the early days? 
2. Which companies are the largerst producers of insulin today ?
3. What are the main steps in the production process? 
4. Do they differ significantly from one producer to the other? 
5. How pure does insulin have to be?
6. How is insulin typically administered to the patients?
7. Why isn’t there any oral formulation?
8. What are the alternatives?
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Exercise 1.9 Specific analytics

In order to properly monitor the purification of biomolecules you need a minimum of 
two analytical techniques: a generic method for the determination of global protein 
concentration (Bradford or Lowry, for example), and a specific assay that enables the 
quantitative determination of your target molecule. 

Propose simple analytical methods that would enable you to specifically quantify the  
target molecules listed below: 

1. GFP
2. Cytochrome C
3. Ethanol
4. IgG
5. ß-galactosidase
6. Penicillin
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Exercise 1.10 96 well microplates

96 well microplates have become a universally acknowledged, versatile tool 
for the fast handling  of numerous numbers (high throughput screening). 
They enable a quick and easy acquisition of spectroscopic measurements 
(OD600, UV-VIS, fluorescence). 
According to the Beer-Lambert law, the interpretation of the measurements 
requires values for the path length h (cm) the incident beam has to go 
through.
The internal diameter of each well is dw = 0.69 cm. The bottom of the well 
can be flat or hemispheric, for a maximum capacity of ca. 380 µL. 

1. Calculate the depth of liquid (path length) h (cm) as a function of the 
deposited volume V (µL) of liquid for both types of bottom geometries.

2. Give your results some thought …  how could you check the accuracy of 
your assumptions and calculations?

Source: www.shutterstock.com

The picture shows a mi-

croplate well with the inci-

dent light beam coming 

from above, travelling 

through the liquid layer of  

depth h  and the bottom of 

the plate before being 

measured
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