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Maximizing Enzyme Yields in Shaken Cultures

Recombinant enzyme production in E. coli remains the
most widely used approach in both research and industrial
settings, owing to the microorganisms' short doubling
times, well-established genetics, and compatibility with
standard shake flask equipment.1 Depending on the
intended application, the produced enzyme may be used
as a whole-cell biocatalyst, in the form of crude or clarified
cell lysate, or as a purified enzyme prepared via affinity,
size-exclusion, or ion-exchange chromatography.2

Achieving high and reproducible enzyme production yields
in shaken cultivations requires careful control of several
interdependent process parameters. The following
sections address selected critical factors and outline a
practical workflow, which can be applied for high-
throughput enzyme screening applications to preparative-
scale protein production.
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Achieving high, reproducible enzyme yields from Escherichia coli (E. coli) requires careful control of several
interdependent shake-flask parameters, including oxygen transfer, cultivation temperature, induction time and
inducer concentration, pH, and organic carbon source selection. This application note summarizes the critical
factors governing recombinant enzyme production and presents a practical workflow for preparative protein
production.

Recombinant Protein Production
in Shaken Bioprocesses

Important Process Parameters

Oxygen Transfer Rate (OTR): Sufficient oxygen supply is 
critical for aerobic E. coli cultivations. The volumetric 
oxygen transfer rate in a shaken system is governed by the 
filling volume (max. 25% of flask nominal volume), flask 
geometry (baffled flasks can be beneficial), shaking 
frequency, and shaker orbit diameter, among others. 
Reducing the filling volume or increasing the shaking 
frequency and orbit diameter raise  the OTR. Baffled flasks 
are recommended for protein production, provided that 
splashing and foaming can be avoided.3,4

Temperature: The expression temperature can impact 
soluble protein yields considerably. Growth at 37 °C 
maximizes biomass accumulation but can lead to inclusion 
body formation.5 Lowering the expression temperature to 
10 – 25°C slows translation, promotes correct protein 
folding, and may be  essential for obtaining soluble, active 
enzyme. The optimal temperature must be determined 
empirically for each target protein.5,6

Induction Strategy: Two protein induction approaches are 
commonly used. IPTG induction offers precise control over 
induction timing and inducer concentration, allowing fine-
tuning of protein expression levels relative to growth rate. 
Auto-induction media (e.g., ZYM-5052) eliminate the need 
for manual induction and are particularly convenient for 
parallel cultivations or overnight protein expression. 
Autoinduction relies on glucose and lactose in the 
medium: cells consume glucose first, then switch to lactose 
once it's depleted, which triggers expression 
automatically.7-9

pH: Culture pH affects both enzyme activity and, for 
secreted proteins, extracellular stability. For actively 
growing cultures, unbuffered media acidify due to acetate 
formation. Buffered media (e.g., with potassium 
phosphate) or TB medium maintain pH within the optimal 
range for most E. coli cultures producing recombinant 
proteins without the need for active pH control. 10,11

Feeding: Batch cultivations are prone to acetate 
accumulation at high glucose concentrations. Acetate can 
inhibit growth and, in this way, reduces recombinant 
protein yield. Fed-batch strategies using slow-release feed 
tablets (e.g., EnPresso® or Kuhner Feed Beads®) or 
enzymatic glucose release limit the specific glucose uptake 
rate, suppressing overflow metabolism and can extend the 
productive phase of the culture to 48–72 h, often with a 
significant increase in enzyme yield. 12

Parameter Quick Reference

Flask fill ≤ 25%

Flask size 100 mL – 2 L

Flask type Baffled (recommended)

Pre-induction temperature 30 – 37 °C

Post-induction temperature 10 – 25 °C

Shaking 160 rpm 
(depending on baffle type,
no splashing/ foaming)

Shaking diameter 50 mm

Post-induction duration 24 – 72 h

Reducing Inclusion Body Formation

• Reduction of expression temperature (10 – 25 °C)

• Reduction of  inducer concentration (for IPTG: 0.05 –
0.1 mM)

• Use of auto-induction medium for gradual induction

• Co-expression of chaperone protein system
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The following workflow integrates high-throughput enzyme 
discovery with scale-up to preparative protein production 
in baffled shake flasks. 2,13,14

• High-throughput screening (96-well format, Duetz
system): Used for enzyme discovery and
engineering. Miniaturized, parallel cultivations
enable rapid assessment of enzyme variant libraries
under defined shaking conditions. 

• Hit confirmation: Promising enzyme variants
identified in screenings are purified for activity
confirmation and biochemical characterization.
Enzymes are expressed at larger scale (100 mL – 2 L), 
and purification can be performed by
chromatography.

• Preparative expression: Confirmed hits are further 
upscaled and produced in baffled shake flasks
(100.mL – 2 L) or bioreactors under optimized con-
ditions (post-induction temperature, induction
strategy and feeding) for downstream applications.

Recombinant Protein Production
in Shaken Bioprocesses

From Enzyme Screening to Preparative 
Protein Productions

TB medium: Nutrient-rich, high-buffering capacity; suitable 
for IPTG induction; suitable for proteins tolerating higher 
expression rates. 15

Auto-induction (e.g., ZYM-5052): Ideal for overnight 
cultures and parallel screens; no manual induction step 
required.9
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