
High Throughput 
Mathematical 

Modelling with the 
SyncroPatch

Nanion User Meeting 2019

Gary Mirams 
School of Mathematical Sciences

University of Nottingham



How do you 
describe ion 

current kinetics?



Describing Ion Current Kinetics

• Conventionally • Controversially?
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• Controversially?
• Conventionally!

J. Physiol (1952) http://bit.ly/HH1952-updated

http://bit.ly/HH1952-updated


High throughput 
model building



High-information protocols

Lei et al. (2019), Biophysical Journal, 117 (online ahead of print) 

Beattie et al.
J. Physiol. 
2018



Voltage Clamp Protocols

Applied in SyncroPatch 384PE to CHO cells stably expressing hERG1a at 25C



A (simpler) example of model fitting

Fitting four conductances to an action potential recording



An example of protocols recorded in a single well

Lei et al., Biophysical Journal, 117 (online ahead of print)



Enhanced Quality Control

Because we fit directly to 
the trace, it needs to be 
really accurate…

So we introduce more strict 
QC

Still left N=124 good wells
out of 384 at room temp.

(slightly lower numbers at 
higher temps, but still tens)



Temperature dependence

• What do parameters look like as functions of temperature?

SEE CHON’S POSTER IN COFFEE ROOM!



The Reversal Ramp 
and Variability
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The “Reversal Ramp”
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For all wells

Zero 
crossing



Sources of variability

• We saw a fair bit of variation in 
recordings and subsequent 
parameters in the models

• The ramp hinted this is due to 
slightly different patch artefacts / 
imperfect compensations and leak 
subtraction in each well.

• We can include artefacts in a larger 
mathematical model of what the 
amplifier does, to get consensus 
kinetics across all wells.

• Even better fits and predictions 
when we do this (not shown!).



Nonlinear leak



Before E4031

After E4031

hERG measurements

Our measurements at 
Roche
(Lei et al. 2019)

Monique, Adam & Jamie’s 
measurements
(Victor Chang, Sydney)



Post E-4031 (hERG blocker)

Ours at Roche
(Lei et al. 2019)

Victor Chang
measurements



BathBath

Manual patch experiment

Pipette

Amplifier

Silicone
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Definitely not endogenous currents!

Victor Chang
Measurements
(with cell, after 
hERG block)

Silicone 
experiments
(in manual 
patch)



Definitely not endogenous currents!

Silicone 
manual leak 
experiments

And if you 
swap 
pipette and 
bath 
solutions!



So it must be the seal enhancer solution…

Wash out 
bath and 
replace with 
manual 
solution 
(No F-)

Swapped 
pipette and 
bath 
solutions
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Solutions

Ca2+ External
(mM)

F- Internal
(mM)

Our Study 
(Roche) 2.05 100

Ng et al. 
hERG variants
(Victor Chang)

2 110

Kang et al.
Kv2.1 variants
(NorthWestern)

2 60


