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Bioreactor process control for 
bacterial syngas fermentations : 
 
1. Measurement tools specific to 

syngas fermentations 

SYNPOĹs 4th Annual Course 
άBiopolymers from bacterial fermentation of syngasέ 
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- Process Analytical Technology 
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ÅGoal 
ï Ensure the success of a bioprocess 

ï Adapt parameters in case of deviation 

ï Provide comprehensive information 
for understanding and optimizing the 
process 

ï Provide information for assessing the 
quality of a process (Quality by Design) 

 

Å Traditional measurements 
ï On-line: pH, pO2, T, agitation 

ï At-line: e.g. glucose 

ï Off-line: e.g. OD600, products 

Bioreactor process control 

Alford. AlChE CEP (2009) 

Most of these 
measurements are related 
to the macroscopic features 
of the culture broth! 
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Syngas fermentations for the production of PHA 

Biopolymers (PHA) 
or precursors 

Syngas  
(produced from complex 

organic wastes) 
Bioprocess 

ÅSafety 
ÅGas composition (MFC) 
ÅGas consumption/production 

(MS) 
ÅAnaerobiosis (redox potential) 

ÅPHA production (FCM) 
ÅCell growth (FCM) 
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Control and monitoring of the syngas composition 

QIC Biostream (Hiden) on-line mass spectrometer 
 

Å Powerful: can be used simultaneously for up to 48 gas streams 

Å Settings and calibration critical to get accurate data! 

Å The settings have to be chosen depending on the process (e.g. low O2 

ŎƻƴŎŜƴǘǊŀǘƛƻƴΣΧύ 
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Control and monitoring of the syngas composition 

Fragment mass 

Relative intensity 
- element library 
- measurement with  
pure gas 

Fragmentation pattern of the analyzed gases 
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Control and monitoring of the syngas composition 

1. Background with argon 

2. Calibration with ambient air  

Å Cal H2O 
Å (Cal O2) 
Å (Cal Ar) 

3. Calibration with syngas  

Å Cal CO 
Å Cal H2 

Å Cal CO2 

Å Cal N2 

ÅCalibration with > 1 mixtures 

 => The values have to be normalized  
with a  common gas (here N2) 

ÅThe calibration gases should  have a 
composition similar to the gas used in 
the process 

Buck equation (1981)  

ὴ z άὦὥὶ ρȢπππχσȢτφϽρπ ὖϽφȢρρςρ ÅØÐ
ρχȢυπςϽὝ

ςτπȢωχ Ὕ
 

(P in mbar and T in °C  

Calibration procedure 
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Control and monitoring of the syngas composition 

H2 CO CO2 N2 

Verification test 
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Control and monitoring of the syngas composition 

Example: 3-step bioprocess for the production of PHA with R. rubrum 
 

Å Syngas used as C source during the 3rd step 

Å Measurement of exhaust gas concentrations by mass spectrometry 

Å Calculation of gas variation and total amount of gas produced/consumed  

M. Romanino 
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V Ratio CO2/CO and H2/CO    (~ RQ for aerobic cultivations) 

V Carbon balance 
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The redox potential (ORP) 

Production of photosynthetic membranes in R. rubrum 

Change of metabolic activity 
 

Å Growth rate  
Å Fermentation products (organic acids) 
Å H2 production 

Carius et al. Biotechnol. Bioeng. 110.2 (2013) 

Microaerobic growth in the dark on 
fructose and succinate with ORP ranging 
from 0 to -330 mV 

S. Karmann 
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The redox potential (ORP) 

CO dehydrogenase (R. rubrum) 

Å Dimers 
Å Ni-Fe-S cluster 
Å Enzyme activity ORP-dependent 

 

 

Drennan et al. PNAS 98.21 (2001) Heo et al. PNAS 98.14(2001) 

Initial CODH activity as a function of 
the redox potential (in vitro assay) 

Ribbon drawing of the CODH dimers 
(Ni-Fe-S clusters indicated) 

inactive 100% active! 
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The redox potential (ORP) 

Example: 3-step bioprocess for the production of PHA with R. rubrum 
 

1. Aerobic phase 

2. Stop of the aeration => anaerobic phase 

3. Start of aeration with syngas (anaerobic) 

1 2 3 

M. Romanino 
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Flow cytometry for PHA quantification 

=> Need for an reliable at-line quantification method that can be easily implemented 
in an automated sampling system 

 

Nile red BODIPY 493/503 

- lipophilic fluorescent dye - stain for neutral lipids, environment-independent 

- fast bleaching - no photo bleaching 

- crystal formation during storage 

- broad emission spectrum - intense and sharp fluorescence  

 

R. rubrum stained with BODIPY 593/503 
(PHA, green) and SYTO 62 (DNA, red).  
Scale bar = 10 µm. (S. Karmann) 
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Flow cytometry for PHA quantification 

Dual staining:  

BODIPY 493/503 "PHA and SYTO 62 " DNA 
 

- Elimination of false positives 
(lipidic substrates, PHA released from 
lysed cells, cells without PHA, cell debris) 

- No washing steps necessary! 

S. Karmann 
(manuscript accepted in 
J. Microbiol. Methods.) 

311815 SYNPOL     Madrid, 2016-09-09  Page 14 

Optimized parameters 

1. Dilution buffer: 
dH2O, PBS, 50% PBS, NaCl, Tris, MgCl2 

2. EDTA 

3. Staining time 

4. Staining temperature 
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Example: PHA production bioprocess with P. putida  KT2440 on octanoic acid 
 

S. Karmann  
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S. Karmann  
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Flow cytometry for PHA quantification 

Liquid handling system Online flow cytometer Bioreactor 

Dilution to 106 cells mL-1 

Aseptic 
sampling 

Dual staining  
BODIPY 493/503 & SYTO 62 

Determination of 
ÅTotal cell count 
ÅPHA content 

Information sent to IRIS 
(bioprocess control system) 
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Å  The measurement tools must be adapted according to the 
ōƛƻǇǊƻŎŜǎǎ όŜΦƎΦ ŀŜǊƻōƛŎκŀƴŀŜǊƻōƛŎΣ ǘȅǇŜ ƻŦ ǇǊƻŘǳŎǘΣΧύ 
 

Å  At the R&D level comprehensive measurements 
(as many as possible!) are essential to gain a deep 
understanding of the process. 
 

Å  Real-time or near real-time data are necessary for a rapid 
feed-back control. 
 

Å  Communication between the different measurement tools 
and the control system is needed! 

Bioreactor process control 
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