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Dielectric properties of cells
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Beta dispersion curve
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Frequency spectra for the polarization of various cell types
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Dielectric Measurement



Biomass Monitor: Aber Instruments

On-line measurement
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DEP Cytometer
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The effect of AC frequency of the actuating electrode on response
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RESULTS

Application of counting methods to a
bioprocess for monoclonal antibody
production



Methods of monitoring cell growth

Particle counting: total cell count

Haemocytometer: cells with intact membrane

Image analysis: cells with intact membrane
Capacitance probe: polarizable cells on-line (population)
Flow cytometer: stages of apoptosis; fluorescence

DEP cytometer: polarizable cells (individually); markerless






Cell Density (10° cells/mL)

Growth Curve

Cell density and capacitance determined for CHO EG2 cells in batch culture
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Viability (%)

Cell Viability Monitoring (Run A)
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Adenylate Energy Charge

interconversion of the three adenylate nucleotides in the
cell:

AMP <> ADP < ATP

B [AIP | +1/2[ACP ]
T THE = AP 14 [AP ]+ [AW ]

decrease in the value gives an early indication of loss of
viability in a cell population ( < 0.7-0.9)

measured by HPLC or luciferase-luciferin enzyme system



Viability (Run B)

Viability determined for CHO EG2 cells in batch culture

Adenylate energy charge indication for cell health
- normal or mid-exponential phase AEC=0.8-0.9

100 —
.}t R —— —
l—_ p—

90

80

ATP +%ADP
AEC =

" ATP + ADP + AMP

Viability (%)

0 20 40 60 80 100 120
Run Time [Hours)
B-Cedex B-Guava - ViaCount -SDEP Cytometer Guava - Annexin WV AEC

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Adenylate Energy Charge (AEC)



Cell Subpopulation Monitoring in Bioreactor
Culture - Comparison
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Time-lapse histograms showing binary population of cells

Actuated with 8 Vpp, 6 MHz
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Correlation of estimates of viability by different methods
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Induction of Apoptosis by Starvation
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DISCUSSION and SUMMARY



Mechanisms of cellular energetics
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Proposed Model for Detection of Changes
during Apoptosis
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Summary of findings

Various methods used to monitor cells correlated during growth
Deviations occurred during cell death

Early apoptosis is detected and correlated with Annexin V assay
Late stages involve membrane damage and trypan blue detection

The capacitance probe (Aber) measures early stage apoptosis in a
cell population

DEP cytometry is a markerless electronic single cell detector
— ldentifies sub-populations of cells during apoptosis
— Drug discovery through metabolic change detection
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By using medium conductivity close to cytoplasm conductivity for DEP
measurements early detection of changes during oligomycin apoptosis induction
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