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Skin pigmentation has implications in healthcare and 

cosmetology. It is a dynamic process with the skin constantly 

undergoing tanning followed by a return to basal 

pigmentation levels, or de-tanning. Defects in the 

pigmentation machinery lead to diseases with very serious 

social implications such as vitiligo. With the aim of 

understanding normal and aberrant pigmentation, a team of 

experimental biologists led by Rajesh Gokhale from CSIR-

IGIB has been investigating pigmentation in various systems 

ranging from in vitro cell culture to clinical studies using skin 

samples from vitiligo patients. Using high-throughput 

measurements, a lot of data is generated. For instance, 

analysis of one sample (one of the replicate measurements 

for one treatment, at one time) gives about 40,000 values for 

the expression of each fragment of expressed RNA that is 

tested. Given the multiple treatments, few replicates, and 

multiple time-points at which samples are taken, analysis of 

this data is challenging. 

At CSIR-NCL, we have developed the capability of carrying 

out such high throughput data analysis. The results are used 

to develop hypothesis about the mechanism that can be 

experimentally tested, and also used for developing a 

reaction network for melanin synthesis, transport and 

control of these processes. In one such project, we developed 

a simple but new method based on a modified periodogram 

analysis for mining of noisy time-course expression data 

(figure on left below). This analysis led to the identification 

of interferon-gamma regulated genes (figure on right) as 

regulators of the depigmentation process. Extensive 

experimentation including cellular assays and animal 

models were used by experimental collaborators to verify 

this hypothesis.  
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pH effects in small scale culture platforms and solutions

Shake flasks are widely used to culture animal cells and 

microorganisms, but do not allow for pH control without 

additional infrastructure. In the presence of a carbon source 

like glucose, culture pH typically decreases due to overflow 

metabolism and can limit growth in shake flasks. We have 

demonstrated the use of magnesium hydroxide loaded pH 

managing hydrogels (m-pHmH) for in situ base release to 

counter the decrease in culture pH in shake flasks using E. 

coli as a model organism, and previously also shown their 

application in animal cell culture. We demonstrate one 

application of such in situ pH management to increase the 

volumetric plasmid yield from E. coli in shake flask culture. 

In situ glucose release through a hydrogel to mimic fed batch 

culture along with the addition of m-pHmH resulted in a 

395% increase in volumetric plasmid yield to 38 µg/ml in 

shake flask culture.

Mathematical models currently used to simulate animal cell 

growth and metabolism do not simulate changing culture pH 

and its effect on metabolism, and hence cannot accurately 

model culture behavior in the absence of pH control. Animal 

cell cultures are however widely cultured at a small scale 

without pH control, e.g., for clone screening during cell line 

development. A mathematical model for animal cell growth 

without pH control was developed and applied to design 

optimal conditions for clone screening without pH control. 

The model was used to simulate clonal heterogeneity and 

predict relative clone performance in different culture 

conditions. Correlation coefficients predicted by the model 

between clone titers in batch and fed batch screening 

conditions and the pH controlled fed batch are in good 

agreement with experimentally reported values. Fed batch 

mode is predicted to result in better screening outcomes 

than batch, but only for clones able to consume lactate. 

Model simulations reveal that culture duration of the 

screening assay has a large effect on the predictive ability of 

the screen and optimal durations differ based on the ability 

or inability of clones to consume lactate.
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