
The micro-Matrix provides simultaneous individual measurement and control of temperature, pH, and dissolved oxygen 

concentration (dO2), in 24 parallel micro bioreactors with working volumes of 3 to 5 ml each. The system is equipped with a 

Liquid Delivery Module for e.g. feeding or pH control [1]. 

The present work evaluates the performance of the micro-Matrix Liquid Delivery Module (LDM), by using it to control the pH 

during an Escherichia coli fermentation. 

The experiments were performed in a micro-Matrix (Figure 1) with LDM which consists of a liquid addition top plate with 

24 micro dispensing valves. These micro valves are individually controlled by a LDM which opens each valve for 3, 5 or 

10 milliseconds. This allows for ca. 100 nl of the liquid from the pressurized Liquid Addition Feed Bottle (LAFB), to be 

ejected into the micro bioreactors.

A | Controlled parameters 
• Figure 2 shows the profile of the controlled parameters pH, temperature and dO2, in all 24 micro bioreactors, during the last 

16 h of the experiment. During these hours, the lag phase ended, exponential growth started, and these parameters were 

simultaneously and individually controlled in each micro bioreactor.

• Bacterial lag phase is a latent period where cells begin to exploit new environmental conditions and their metabolic activity 

is minimal [2]. During the lag phase the number of cells and cell growth were low (starting OD600=0.5) and the dissolved 

oxygen concentration was therefore above the set point (because the air available inside the micro bioreactors was plentiful 

for bacterial adaptation). After ca. 5h, the exponential phase and hence air consumption began, and so the system initiated 

the dO2 control, as can be seen in Figure 2. 
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Figure 2 | Measured and controlled temperature, pH, and dissolved oxygen concentration,

during the exponential growth phase of E. coli, in all 24 parallel micro bioreactors of the micro-Matrix. 

The micro-Matrix Liquid Delivery System demonstrates the control of the pH in each of the 24 micro bioreactors by the 

individually addition of liquid ammonia in Escherichia coli fermentation. The combination of  the individual pH control with the 

measurement and control of temperature and dO2 shows accurately reproducible results in all 24 micro bioreactors.
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Figure 1 | micro-Matrix device and 24-well cassette.
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A | Calibration 
• The LAFB was filled with a 12.5% v/v ammonia solution.

• The liquid feed lines were calibrated at 3 milliseconds pulse time.

• Before the experiment was set-up, the calibration results were introduced in the micro-Matrix software. 

• The liquid feed lines were primed inside a laminar flow cabinet. 

B | Pre-culture 
• E. coli K-12 (ATCC 10798) was inoculated in a shaker flask with M9 minimal salts media (supplemented with 20% of 

glucose). This pre-culture was incubated for ≈ 12 h at 37ºC, stirred at 200 RPM. 

• Micro-matrix 24-well cassette (Figure 1) was inoculated with previous pre-culture, in M9 minimal salt media with initial 

OD600 = 0.5 (Optical Density at the wavelength of 600nm) in each well.

C | Recipe 
• The recipe was programmed in three different periods.

• In period 1 (0-6h) dO2 was set at 40% and controlled with air and pure oxygen in cascade. 

The temperature was set to 30ºC and the pH was controlled at 7.0 with liquid ammonia.

• In period 2 (6-8h) the temperature was raised to 37°C.

• In period 3, (8-20h) there was pH ramp from 7.0 up to 7.5. The temperature remained at 37°C. 

B | Liquid Delivery System 
• Figure 3 presents a detailed view of the liquid delivery and controlled pH in two of the 24 reactors. 

• At marked points 1 and 2 in figure 3, the measured pH drops below the set point (7.5). This triggers a pulse of liquid 

ammonia to be ejected. After the dissolution of the ammonia the measured pH increases back to set point. 

• Figure 3 shows that the micro-Matrix controls the pH in each of the reactors individually. 

Figure 3 | Liquid dosage and controlled pH in randomly selected reactors.
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