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MAMMALIAN CELL CULTURE PROCESS CONTROL: 5SAMPLING AND SENSING

J.L. ROMETTE NUTC Compiégne (Fance) / MIT Cambridge (USA)  Theglobal opinion ofpotential customers aboutthe analytical methodsusing biosensoris scepticism.The main reason explaining this behavioris a lake of credibility of these technics.
The first biosensor concept has been described during the 60's, the first equipment commerciallyavailable appeared during the end of 70's.
Few of these equipmentare widely diffused.
Whatdoes it mean?
If one looksin the literature more than 1000 paperscan beeasily found describing different biosensors toanalyse a lot of substances.
In actual fact, few of these probes have been developed andall these brillant concepts are quite far fromthe industrial reality. Most of these authors have described experiments forgetting the real nature of thesamplesand the operating conditionsof the assay either in the industry or in the medical laboratory.

The credibility of these analytical technics has to be demonstrated, we have to show how they can besuccessfully applied notonly at the laboratory scale but also at the industrial level. We have to go wherethe analytical problem is.

However, current industrial needs for real time analysis to control a process cannotbe satisfied byexisting methods of analysis and induce researchs in this field. Developments in biosensors canpotentially open a new industrial market because they are able to deliver a fast response on a crudesample. In an other hand, developments in molecular biology have stimulated new opportunities in bothmicrobial and mammaliancell culture. The increasing developmentof these production methodsresultsin a greater need for control systemsto Operate these processesat their optimal point. In line analyticaltechniques, able to deliver data in real time are needed by biotechnological companies and havemotivated the developmentof biosensor.

Thecontrolofa process involving mammalian cell culture is summarizein the figure 1. We have appliedbiosensors use for the estimation of L-glutamine, glucose and L-lactate concentrations.

Sampling
Evenif the measurementstep constitutes the major step of any process control, the sampling is alsovery important whenshietly sterile conditions are required. Biosensors cannotbeeasily sterilized. Thusto be used they mustbe insulated from thesterile culture reactor and the sample has to be pumpedupto
the biosensor. Newtechnical constraints are introduced because of the automatic method of analysisrequired for the process control. The problem is to automatically obtain a sample representative of theculture medium without compromisingthesterility of the bioreactor. Basically, two sampling technicsare used, eitherfiltration or mechanical extraction. Few automatic sampler have been marketed : BraunCo. Helsungen R.F.A., Control Equipment Co Lowell MA. USA.Their very limited distributiondemonstrates the difficulty oftheir use.
Filtration constitutes the base forthesefirst equipment. We have developed a sampling techniques basedon a mechanical system usinga seringepiston, allowing the automatic transfer of the sample throughchambers previously sterilized. Such a sampler is operational at M.I.T. Cambridgeas described in figure2. This sampler providesa real time dilution of the sample in order to adapt the substance concentration
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to the analytical technique as well as pH value, ionic strengh. The sampling time is compatible with most
of the bioprocessesused in the biotechnological industries. For our application it delivers a 5 ml volume
sample,diluted 5 time, each half an hour.

Biosensing , é
L- glutamine, glucose, and L-lactate concentrations are evaluated in real time using enzymeelectrode.
The figure 3 described the enzymereaction involved in the different biosensors.

All the enzymesare oxidases (figure 4), they are immobilized by copolymerisation inside a gelatin
matrix, using glutaraldehyde. The active support is fixed on a p0, electrode estimating the 0,
consumption of the enzymatic reaction as shown on figure 5 where(a) is the p0, sensor, and (C’) is a
bilayer composed of polypropylene as

a

selective gas membranecoated with the gelatin matrix containing
the immobilized enzyme. The biosensors are placed inside the measurementcells of an autoanalyzer
"Enzymat" (Seres Co., Aix-en-Provence, France) as shownin figure 6. The measurementtime is around
2 minutes per sample.

The calibration curves for each parameter are shownin figures 7, 8 and 9.

Wehave implemented a mammalian cell culture reactor as shown on figure 10 (hybridomacells
producing monoclonal antibodies against fibronectin). The first results obtained demonstrate that the
glucose, glutamine, lactate concentration levels can be easily monitored. It seems possible to access by a
more sophisticated data treatment to the "ATP flux"andto the cell growthratein real time andin line of
the process.
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Fig. l. Fed-Batch system of mammalian cells.
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Fig 2:sampler for automatic sampling

ENZYMATIC REACTIONS ENVOLVEDIN THE BIOSENSORS

 

GLUCOSE + 02OxUconaTE + H202

 
 

LACTATE + 02 LACTOxpYRUVATE + H202   
 

GLUTAMINE + H20SLUT ase,oyUTAMATE + AMMONIUM ION

GLUTAMATE+ O2 ST & - KETOGLUTARATE + H202   

Fig 3:enzymatic reactions involved

in the biosensors   
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Fig 4; enzymes specifications

   

 

Fig 6:details of the

autoanalyzer
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Fig 5 : details

of the biosensor
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Fig I0; implemented cell culture system


