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ABSTRACT:
Circadian rhythm biology is of interest as a target for the treatment of several
mood disorders such as bipolar disorder, major depressive disorder and
seasonal affective disorder. Casein Kinase 1 delta (CK1d) has been identified as
having a regulatory role in the mammalian circadian clock. Inhibiting the
phosphorylation of the PER proteins by CK1d induces phase delays and
entrainment in rodents and non-human primates. A high content screening end-
point assay was developed to quantify the nuclear translocation of a GFP-
mPER3 transcription factor when phosphorylated by CK1d. In the presence of a
target kinase inhibitor, phosphorylation does not occur and the GFP transcription
factor remains cytoplasmic. Cell reagents required for the assay are COS-7
cells transiently transfected with 2 plasmids using Lipofectamine 2000. Here we
sought to evaluate MaxCyte electroporation technology to transfect COS-7 cells
with CK1 and mPER3-GFP, and compare to our current Lipofectamine 2000
method. The MaxCyte® STX™ scalable transfection system is a bench-top
instrument that can transfect small scale (5E5 cells/seconds) to HTS scale
(1E10 cells/20-30 minutes) using its proprietary flow electroporation technology.
In a single round of small scale pilot transfection experiments in COS-7 cells,
various concentrations and ratios of CK1d and mPER3-GFP DNA vectors were
tested to optimize the electroporation conditions, cell viability, GFP expression
and subsequently, CK1d/mPER3-GFP signal and assay window. From this
experiment, we were able to identify an optimum condition that resulted in a
nearly 2-fold increase in assay window when compared to our standard
Lipofectamine 2000 method with the added benefit of improved cell viability. The
optimum small scale electroporation conditions were subsequently scaled up on
the MaxCyte STX system with the expected level of reproducibility yielding
comparable data in the assay as well as frozen cells for direct plating.

CONCLUSION:
We found that the MaxCyte STX technology delivered specific advantages for
our CK1 assay by improving the critical cell reagent. When compared to our
standard Lipofectamine 2000 transfection method, advantages of the MaxCyte
STX electroporation method included an increased assay window, increased
cell viability yielding superior assay data, and the ability to electroporate cells in
a large batch size and cryopreserve for direct plating and assay.
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METHODS:
COS-7 cells were obtained from the ATCC and grown in High Glucose DMEM
(Gibco 11995) supplemented with 10% fetal bovine serum. Cells were split 1:10
two times per week to supply cells for transfection experiments.

Control cell samples were co-transfected with mPer3-GFP and CK1 vectors
using Lipofectamine 2000 (Invitrogen) following the recommended procedure
supplied in the package insert. Log-phase cells were dislodged with 5 minute
treatment of TrypLE Express (Gibco 12605) and viable cell count was determined
with a Cedex cell counter. Cells were diluted in DMEM medium to a density of
1.5e5 viable cells/mL for transfection. Optimum expression of CK1 and mPer3
GFP were determined experimentally (data not shown) with an optimal ratio
11:1,CK1d DNA to mPer3-GFP DNA

Electroporation of cell samples on the MaxCyte
STX system were performed using optimum
conditions for COS-7 cells developed by MaxCyte
using the OC-100 or OC-400 Processing
Assembly (electroporation cell) as specified
according to MaxCyte recommendations

Transfected cells were plated in Greiner 384-well Cellcoat PDL plates (Greiner
781946) for subsequent analysis or cryopreserved in cell freezing and recovery
medium (Invitrogen) for direct plating and assay. Plated cells were analyzed
using the Cellomics Array Scan VTi utilizing a nuclear translocation protocol with
a known positive control compound to determine countable cell number/well, total
GFP expression and HPE/ZPE.

Pilot scale electroporation using the OC-100 processing assembly was performed
on the MaxCyte STX as indicated using a MaxCyte GFP vector as a control.
Various ratios and concentrations of CK1 and mPer3-GFP were tested and
compared to a Lipofectamine 2000 transfected control.

RESULTS:

Quantify the translocation of mPer3-
GFP from cytoplasm to the nucleus.
Inhibitors block the translocation of
mPer3-GFP factor to the nucleus. 100%
Inhibition of phosphorylation shows dark
(GFP-negative) nuclei. 0% Inhibition of
phosphorylation shows translocation to
the nucleus.
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Analysis  of pilot scale samples Array Scan VTi using a nuclear translocation 
protocol showed improved GFP expression and assay window compared to control.  
Assay window was further improved by varying the ratio of CK1 DNA to mPer3-GFP 
reporter.  

OC-100 Pilot Scale Set 1 Array Scan VTi Data  

Treatment with a positive control
compound shows no activity in the GFP
transfected control (columns 5-12) with the
expected HPE/ZPE response in
CK1d/mPer3-GFP transfected cells
(columns 15-24)

Valid cell count decreased with the
increased concentration of GFP
transfection control vector DNA (columns
5-12)

The % of GFP Expressing Cells Increased
with transfected DNA concentration for the
GFP control (columns 5-12) as well as
CK1d/mPer3-GFP transfected cells
(columns 13-24)

High Content Analysis

Pilot Scale Array Scan VTi Analysis

Pilot Scale MaxCyte STX Transfection Conditions

OC-400 MaxCyte STX Transfection and VTi Analysis

Electroporation was scaled up to the OC-400 processing assembly using the
optimum conditions identified in the OC-100 pilot experiment (EP run#9). Array
Scan VTi analysis showed a comparable assay window in cells transfected using
the larger scale OC-400 processing assembly.

MaxCyte STX Cryopreserved Cells for Direct Plating and Assay

Cos -7 cells were transfected using the MaxCyte STX OC-400 processing
assembly. Following the transfection process, the cells were allowed to incubate
for 2, 4 or 20 hrs before cryopreservation and were thawed and plated for 3 hrs or
26 hrs as indicated before Array Scan VTi analysis. Array Scan analysis showed a
comparable assay window at 2hr or 4hr incubation post transfection. Assay window
was reduced when cells were plated for 26 hrs when compared to 3hr plating.
Overall, freezing had a negative impact on overall assay window when compared
to Pilot EP run #9, however, the resulting assay window was adequate for the HCS
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