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Introduction and project goals

• Micro-bioreactors (MBRs) are a promising tool for bioprocess 

developments, high throughput screenings, dose response and other 

cell based assays

• Glucose is one of the most important carbon sources in bioprocess

→ Miniaturized optical glucose sensor is needed complying 

following requirements for MBR application:

− Stable glucose measurement in culture medium

− Minimal sensor volume

− Simple sensor read-out

→ Sensor equipped MBRs are an auspicious alternative to 

conventional cultivation platforms due to following advantages:

– low consumption of media ingredients and testing substances

– high amount of process data

– simple parallelization and automatization

Sensor characterization

Glucose sensor was characterized regarding the influence of different 

cultivation and application parameters:

• Dynamic range: 0 - 20 mM (depending on oxygen saturation)

• Response time: 10.76 min (for concentration change of 10 mM)

• Glucose consumption of the sensor in a 7-µL-cwMBR: depending on 

the glucose concentration; ~ 0.1 mM/h (for 20 mM glucose)

• Reusability: 2 times (if applied for 24 h)

• Signal drift over time: -1.01 %/h (mathematical correction possible)

• pH-value: pH influence is small                                                         

(e.g. pH 7 → pH 7,5: 1,5% signal decrease)

• Temperature: ΔpO2 declines with increasing temperature              

(e.g. 30 °C → 40 °C: 31% signal decrease → temperature 

compensation or constant temperature is essential)

Micro-bioreactor design

• Foturan® glass slide holding a 7 µL cultivation

medium droplet is positioned in a 

3D-printed mounting ensuring minimal 

evaporation and stable integration of optical

fibers for sensor read-out

• Mixing is achieved by vertical oscillation of

the MBR-platform inducing capillary waves

(capillary wave micro-bioreactor → cwMBR)

• Biomass growth is measured via scattered

light intensity[1, 2]
Figure 2: cwMBR platform

Working principle of the glucose sensor

• Glucose sensor contains immobilized glucose oxidase (GOx) and 

phosphorescent oxygen sensitive particles in an urethane based 

hydrogel covered by a polyhydroxyethylmethacrylate diffusion 

barrier[3]

• Second sensor measures the oxygen partial pressure in the 

cultivation medium[3]

• GOx oxidizes glucose in the sensor by consumption of oxygen         

→ Oxygen tension in the glucose sensor declines                              

→ Oxygen partial pressure difference (ΔpO2) compared to the 

separated optical oxygen sensor without GOx                                    

→ ΔpO2 is proportional to the glucose concentration

• Read-out by conventional FireStingO2 fluorimeter via optical fibers

Sensor application in the cwMBR

• Successful application of the optical glucose and oxygen sensors in a 

cwMBR cultivation of E. coli BL21 over 8.8 h

• Cell growth was measured by scattered light intensity and correlates 

with the glucose concentration decrease                                            

→ linear growth due to transport limitation

Figure 1: Working principle of the optical glucose and oxygen sensor 
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Figure 3: cwMBR with integrated optical oxygen and glucose sensor

Figure 4: Cultivation of E. coli BL21 in a cwMBR with M9 medium
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