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Development and application of in-situ microscopy in on-line
monitoring of cell biomass
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Abstract: With the rapid development of modern biotechnology, fermentation process is increasingly important in industrial
production. To guarantee the stability of products, fermentation process should be elaborately monitored and controlled.
Biomass is an important parameter for on-line monitoring in bioprocesses because biomass can reflect cell growth in a
bioreactor directly. In-situ microscope, a non-invasive and image-analysis based technology, can real-time monitor cells in
biological process. This review summarizes the development and application of in-situ microscopy in biomass monitoring.
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Fig. 3 The optical sampling ISM. (A) Structure
diagram*!l. (B) Entity diagram'.
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Fig. 4 Mechanical sampling in-situ microscope. (A)
Structure diagram®. (B) Entity diagram®®®.
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B 7 BRIEMREERGS TR

Fig. 7 1SM-image analysis procedure™. (A) Out-of-focus image of cells. (B) Binary image. (C) Position of cell
centers in out-of-focus image. (D) In-focus image of cells. (E) Image with preliminary cell borders. (F) Image with
smoothed cell borders.
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Fig. 8 Images illustrating the sequence of operations for filament identification. (A) Binarization. (B)
Distance-Map. (C) Bulky removal. (D) Skeletonization. (E) Pruning. (F) RRG.
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Fig. 9 Hybridoma cells micrograph by ISM™®!. (A)
Growth phase cell. (B) Dead phase cell.
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Non-budding cells (G1); budding cells (S, G2, M); the
overlapping cells (blue background).
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Tablel Applicationsof ISM in yeast cultivation
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Crypthecodinium cohnii 4 itd H i g Joi B R B4 7
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Sampling Test Cell

Correlation coefficient

Cell viability Image

technique  strain concentration with off-line data classification processing speed Reference
Optical S cerevisiae 5x10° Agree well No 1 min/image [6]
Mechanical S cerevisiae 10°-10° cells/mL 0.99 Yes 15 slimage [33]
Mechanical S cerevisiae / 0.98 Yes / [38]
Mechanical P. pastoris ;g gﬁtgg?:)) 2l All above 0.96 No 2 slimage [44]
Optical S cerevisiae 2x10° cells/mL / No / [41]
Mechanical S cerevisiae / / Yes / [48]
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*2 REEMRAENVMEMES PHNA

Table2 Applicationsof ISM in animal cell cultivation

Sampling . Cell Correlation coefficient Cell viability Image processing

technique Test strain concentration with off-line data classification speed Reference
Mechanical CHO 9.5x10° cells/mL Agree well No / [49]
Optical Hybridomacells  4.5x10° cells/mL 0.99 No / [50]
Optical Hybridoma cell 10° cells/mL Good correlations No 10 frames/s [37]
Optical Human cell line  / Accuracy 87% Yes 30-60 s/limage [40]
Optical Mammalian cells / / Yes 5 slimage [35]
Mechanical CHO-K1 1.4x10 cells/mL R?=0.98 Yes / [46]

*3 REUERRAEHMMEMIESRPHNA

Table3 Applicationsof ISM in other cells cultivation

Sampling . . Correlation coefficient Cell viability Image processing
technique Test strain Cell concentration with off-line data classification speed Reference
. filamentous Total extended .
Optical bacteria filament length detection No 0.7 sfimage [43]
Mechanical E. coli 10 g/L to 70 g/L dcw All above 0.99 No / [51]
Optical C. cohnii / / / / [47]
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