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Neuroscience
Voltage Clamp

Invented by G. 
Marmont & K. Cole 
(independently) in 
1949.

Used by A. L. Hodgkin 
& A. F. Huxley in 
1952 to identify the 
ionic currents 
responsible for the 
action potentials in 
the squid giant axon 
(Nobel Prize 1963).

•

•



Hodgkin-Huxley Equations

a set of 4th-order nonlinear time-varying differential equations









Electrophysiology

Microelectrode 
experiments with 

Lymnaea stagnalis 
(pond snail)



Universal Clamp
A novel instrument for controlling 
neuronal signals via feedback control 
provided by a digital signal processor 
chip (US and international patents 
2009), funded by the National 
Institutes of Health



Intermittent Voltage Clamp



Possible Connectivity for a 
Universal Clamp with 2 Headstages

V: 
voltage measurement

VC: 
voltage clamp

IC: 
current clamp

DC: 
dynamic clamp

V/VC:
voltage controlled VC

R: right

L: left
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Universal Clamp – α prototype



Universal Clamp – β prototype

Top view



Universal Clamp – β prototype

Bottom view

Analog Devices Blackfin BF548 EZ-Lite Kit



Universal Clamp – β prototype



Universal Clamp – Headstage Assembly

Electrode holder



Universal Clamp – Instrumental Panel



Neurotransmitters are released from synaptic vesicles of the 
presynaptic neuron and bind to receptors on the postsynaptic 
neuron, thereby triggering an impulse through the second neuron.



Can we monitor exocytosis/endocytosis activities?

Specific cell membrane capacitance 
          = 0.9 μF/cm2 (fairly constant)

Whole cell capacitance 
          = 3–12 pF (pico: p = 10-12)

Capacitance signal from a single vesicle 
          = 1–15 fF (femto: f = 10-15)

A vesicle event changes the cell capacitance by  
~1/1000. A delicate and fast instrument can detect 
the resulting phase shift in a sinusoidal wave.



High-resolution membrane capacitance measurements for the study of 
exocytosis and endocytosis. Rituper et al., Nature Protocols 8:169–83, 2013 



Exam Question for NEU 503

Describe the four different configurations 
of the patch clamp in terms of the 
instrumentation technique and the  
experimental preparation.



Lock-in Amplifier





Cellular Capacitance Measurement with the Universal Clamp



Instrumentation for cell capacitance measurements: 
switching sinusoidal excitations for studying cell 
membrane transport. 40th Northeast Bioengineering 
Conference, Boston, MA, April 25-27, 2014.







Signal flow diagram for continuous monitoring of cell capacitance



Summary

1. Time-domain formulation for a linear least-squares estimator 
has the advantage of providing fast, accurate, and continuous 
measurements of the electrical properties of a cell.

2. The concept of the lock-in amplifier – improving signal-to-
noise ratio with sinusoidal modulations – was used to simplify 
the formulation and integrated into the Universal Clamp based 
a high-speed signal processor.

3. For future work, very small phase shifts related to vesicle 
activities remain to be a challenge and may require a phase-
lock-loop type of algorithm for accurate measurements. 
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