
Benefits
Defects in ion channel function have been 
implicated in several therapeutic areas such as 
central nervous systems diseases, cardiovascular 
diseases, immune and inflammatory diseases, 
cancer, alzhemimer’s disease, epilepsy, hypertension 
and many others. The conventional patch-clamp 
assay is the traditional method to study ion 
channels. However, it is too slow, costly, and labor 
intensive to keep pace with a modern medicinal 
chemistry team. Automated electrophysiology 
platforms have been introduced to address the 
limitations of conventional electrophysiology. 
However, their limited throughput and high 
cost per data point does not support compound 
library or full diversity screens. As a result, faster 
and cheaper indirect assays are used for high 
throughput screening of ion channel targets. While 
these assays have sufficient throughput and are low 
cost, they lack the precision, temporal resolution 
and voltage control of the patch-clamp assay 
which results in a high number of false positives 
requiring follow-up. Because of the  limitations of 
these methods, Molecular Devices, Inc. developed 
the IonWorks Barracuda™ Automated Patch Clamp 
System. The IonWorks Barracuda System features:

•	Simultaneous compound addition and data 
acquisition allows the measurement of both 
voltage- and rapidly desensitizing ligand-gated 
ion channels

•	Unique flow through recording chamber design 
enables rapid solution exchange

•	384 discrete amplifiers and a 384-tip pipettor 
head for parallel acquisition of an entire 384-
well patch plate in 20 minutes

•	Highest available throughput of 1,100 to 6000 
data points per hour

•	Low-cost IonWorks PatchPlate™ consumable to 
keep running costs down

•	Population Patch Clamp™ (PPC) recording for 
robust and reproducible recordings

•	Flexible software with two modes of operation; 
Assay Development and Screening Mode 
streamlines assay optimization and simplifies 
ion channel screening

•	Ultrasonic pipette tip washer with two wash 
solution inputs eliminates the potential of cross 
contamination

The IonWorks Barracuda System is the ideal 
platform for ion channel screening. It’s ability to 
assay both voltage-gated and rapidly desensitizing 
ligand-gated ion channels combined with it 
capability to assay >1,100 data points per hour 
enables the IonWorks Barracuda System to meet 
the challenges of ion channels screening in today’s 
drug discovery environment.

IonWorks Barracuda Automated Patch  
Clamp System

•	Assay both voltage-  
and rapidly 
desensitizing ligand-
gated ion channels

•	Throughput of 1,100 to 
6000 data points/hour

•	Lowest running cost 
of any automated 
electrophysiology 
platform

•	Software amenable to 
rapid assay develop-
ment and screening



Configured 
to Meet Your 

Throughput Needs
The IonWorks Barracuda System is 

capable of performing a typical ion channel 
assay in as little as twenty minutes resulting in a 
throughput of 1,100–6,000 data points per hour 
depending on the number of compound additions 
per well. Up to eight compound additions per 
well can be performed increasing throughput and 
reducing the cost per data point.

The assay deck of the IonWorks Barracuda System 
is easily accessible for the loading of consumables 
and compound plates (Figure 1). The IonWorks 
Barracuda System features 384 discrete amplifiers 
and a 384-channel pipettor head which allows 
the recording of all 384-wells of the PatchPlate 
consumable in parallel. The system comes with an 
automated pipettor for the transfer of cell suspension 
to a cell boat designed to minimize cell usage 
(< 5 mL/run). To load cells, the user simply provides 
a tube of cell suspension to a position on the assay 
deck. To eliminate compound carryover, the system 
features an ultrasonic tip washer with two solution 
inputs. 

Rapid Solution Exchange to Assay 
Rapidly Desensitizing LGICs
The opening and closing of LGICs can be 
characterized by a fast activation phase followed 
by a desensitization phase. Activation and 
desensitization are commonly reported in the 
range of milliseconds to seconds. Therefore, a 
rapid solution exchange rate is required to record 
rapidly desensitizing LGICs. 

The unique flow through design (Figure 2) of the 
IonWorks Barracuda PatchPlate well positions 
the fluidic dispensing pipette immediately above 
the cells. As ligand is delivered, the solution at 
the cell membrane is rapidly exchanged with 
the solution containing the ligand to modulate 
the LGIC. The electrode plate array (Figure 3) 
has 384-electrodes and 384-holes for the ligand 
dispensing pipettes to fit through. The electrode 
plate sits on top of the PatchPlate and facilitates 
the ability to add ligand or compound while 
recording currents. 

Ligand-gated ion channel 
(LGICs) assays on the IonWorks 
Barracuda System
The Acid-Sensing Ion Channel (ASIC), was 
used to validate the use of  the IonWorks 
Barracuda System to study LCICs. ASICs 
are cation-permeable non-selective LGICs 
activated by extracellular protons. ASICs 
have been suggested to play an important 
role in the physiology and pathology of 
sensory transmission, behavioral memory, 

retinal function, epileptogenesis and 
ischemia. An example of ASIC currents 
is shown in Figure 4. Slower (GABA) and 
faster LGICs have also been measured 
on the IonWorks Barracuda System. 
Figure 5 shows recordings from nicotinic 
acetecholine receptors.

Voltage-gated ion channel 
(VGICs) assays  on the IonWorks 
Barracuda System
IonWorks Quattro Systems have been 
adopted by many laboratories around the 
world and have resulted in a number of 
publications on VGICs.(1,2,3) These assays 
can be readily transferred to the IonWorks 
Barracuda System. Typical current from 
hERG and NaV1.5 channels are shown in 
Figures 6 and 7 respectively. The kinetics 
and pharmacology of all VGICs tested 
to date on IonWorks Barracuda Systems 
are comparable to those measured on the 
IonWorks Quattro System. 

Flexible Software Designed to 
Work with You
The software is designed to run in two 
distinct modes; Assay Development or 
Screening Mode. In Screening Mode, 
the user simply loads a saved protocol 
from the library and starts the run for 

The positions on the deck from left to right are: pipette tip rack, buffer boat, compound plate 1, Electrode 
plate/PatchPlate, wash station, compound plate 2, cell boat. The cell centrifuge and cell storage vessel for 
automation are shown in the lower right portion, the CellPettor is shown in the upper right.

	  

Figure 2. Flow-through Design of the 
IonWorks Barracuda Consumable Well

A cross-section of the well is shown with the 
pipette tip (left) inserted into the funnel guide of the 
PatchPlate consumable for consistent positioning from 
well-to-well. The silver electrode is shown inserted 
into the right side of this diagram. 

Figure 1: Assay Deck of the IonWorks Barracuda System



walk away operation. Assay Development 
Mode allows the user to alter experimental 
conditions during the course of an 
experiment. Applied voltage protocols 
can be changed multiple times during the 
course of an experiment for as long as the 
cells remain viable. During the course of 
the experiment, voltage protocols can be 
newly constructed, or the user can load 
and execute a series of previously saved 
protocols. For instance a user may want to 
run a series of current-voltage relationships 
with different voltage intervals or different 
voltage endpoints. In this way, 
assays can be quickly 
optimized in Assay 
Development 
Mode 

and the protocol saved to be executed in 
Screening Mode.

IonWorks Barracuda System Meets 
All Your Ion Channel Assay Needs
The IonWorks Barracuda System performs 
assays on both LGICs and VGICs utilizing 
the affordable PatchPlate consumable. The 
high throughput and low running costs of 
the system make it well suited to perform 
primary screens of large directed compound 
libraries 

 

Sample raw traces of Nav1.5 currents recorded on 
the IonWorks Barracuda System, data was collected 
in PPC mode. A family of currents was elicited by 
stepping from the holding potential to various 
voltages in 5 mV increments.

!

Figure 7: Nav1.5 currents on 
the IonWorks Barracuda System

Figure 4: Acid Sensing Ion Channels (ASIC) on the IonWorks 
Barracuda System

Raw trace of ASIC1a current recorded on an 
IonWorks Barracuda System in Population Patch 
Clamp (PPC) mode. Chinese hamster ovary cells 
(CHO) stably transfected with ASIC1a channels 
were obtained from ChanTest (Cleveland, 
Ohio). The holding potential is -70 mV; the 
current was evoked by the application of acidic 
solution (pH = 5.0). The timing of the addition 
is shown with the green vertical line.

Figure 5: Nicotinic acetylcholine 
currents (a-1 nACh) on the 
IonWorks Barracuda System

Raw trace of a-1 nACh receptor recorded on an 
IonWorks Barracuda System in single hole mode. 
a-1 nACh currents were measured in TE-671 
cells obtained from ATCC. The holding potential 
was -70 mV; the current was evoked by the 
application of 500 μM Acetylcholine.
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Figure 6: hERG currents on the 
IonWorks Barracuda System

Sample raw traces of hERG currents recorded on the 
IonWorks Barracuda System, data was collected in 
PPC mode; two control sweeps are shown. Chinese 
hamster ovary cells (CHO) stably transfected with 
the hERG channel were obtained from ChanTest. The 
holding potential was -70 mV, hERG tail currents 
were elicited at -50 mV after stepping to +40 mV.

Figure 3: Electrode plate from the 
IonWorks Barracuda System

View of the underside of an electrode plate from 
an IonWorks Barracuda System. A subset of the 
384 electrodes is shown. Each electrode has a 
corresponding hole for fluidics access  
to each well simultaneously.



FOR RESEARCH USE ONLY. NOT FOR USE IN DIAGNOSTIC PROCEDURES.
The trademarks mentioned herein are the property of Molecular Devices, LLC or their respective owners. 
©2012 Molecular Devices, LLC. •  3/12  •  Printed in USA  •  PN: 0120-1532.B

Contact Us
Phone: +1-800-635-5577
Web: www.MolecularDevices.com
Email: info@moldev.com
Check our web site for a current listing of 
worldwide distributors. 

Regional Offices
USA and Canada +1-800-635-5577
Brazil +55-11-3616-6607
China (Beijing) +86-10-6410-8669
China (Shanghai) +86-21-3372-1088
Germany +49-89/96-05-88-0

Japan (Osaka) +81-6-7174-8831
Japan (Tokyo) +81-3-6362-5260
South Korea +82-2-3471-9531
United Kingdom +44-118-944-8000

and for hit-to-lead applications. The IonWorks 
Barracuda System is also well-suited for compound 
profiling and safety assessment assays; up to eight 
compound additions per well may be performed to 
further reduce running costs and increase throughput. 
The software is designed to simplify assay optimization 
when operated in Assay Development Mode and is 
simple to use in Screening Mode. The next generation 
of the family of IonWorks Systems, the IonWorks 
Barracuda System meets all your ion channel assay 
needs for both VGIC and LGIC targets. 
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Amplifiers

Number of amplifiers 384

Amplifier Bandwidth 30 KHz (Max)

Current Range (SH*) ± 100 nA

Current Range (PPC**) Actual ± 4,700 nA

Current Range (PPC) Scaled per 
hole (Screen Display) ± 70 nA

Digitizer

Number of channels 384

Sample Rate 100 Hz – 20 KHz

Bit resolution noise (VGICs) 3 pAv

Bit resolution noise (LGICs) 6 pA

Fluidics

Simultaneous transfer 384

Pipettor range 5–20 µL

Precision @ 5 µL 4% CV

Pipetting increments 1.0 µL

Wash Station Ultrasonic capability with two-solution inputs 

General Specifications

Dimensions (Door Closed) 1.2 m (48”) W x 0.8 m (33”) D x 1.8 m (72”) H

Dimensions (Door Open) 1.2 m (48”) W x 0.8 m (33”) D x 2.14 m (84”) H

Weight 499 kg (1,100 lbs.)

Consumables

Description Part #     

PatchPlate (SH) 5008679

PatchPlate (PPC) 5008680

Pipette tips (Clear) 5011975

Pipette tips (Black) 5011976

CellPettor Pipette 5012605

Standard Cell Boat 5005252

External Buffer Boat 5012604

*SH = Single Hole (1 hole per well)   **PPC = Population Patch Clamp (64 holes per well)


