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LABEL-FREE MONITORING OF EXCITATION-CONTRACTION COUPLING 

AND EX CIT ABLE CELLS USING IMPEDANCE BASED SYSTEMS WITH 

MILLISECOND TIME RESOLUTION 

CROSS-REFERENCE TO RELATED APPLICATIONS 

10001] This application claims benefit of priority to U.S. provisional patent 

application serial no. 61 /191,684, filed on September 11. 2008, and U.S. provisional 

patent application serial no. 61/126,533, filed on May 5, 2008, the contents of both are 

herein incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

10002) The present invention relates generally to impedance based monitoring of 

cells and more particularly to systems and methods for monitoring excitation-contraction 

coupling and excitable cells using impedance based systems with millisecond time 

resolution. 

BACKGROUND OF THE INVENTION 

10003] Excitation-contraction coupling (ECC) is a term used to describe the 

physiological process of converting an electrical stimulus to a mechanical response. The 

process is fundamental to muscle physiology, wherein the electrical stimulus may be an 

action potential and the mechanical response is contraction. Although ECC has been 

known generally over half a century, it is still an active area of biomedical research. 

10004] Cardiomyocytes are specialized muscle cells of the myocardium that are 

capable of excitation-contraction coupling. Cardiomyocytes are commonly used in 

biomedical research to assess the cardiotoxicity of potential drugs or treatments. Two 

conventional approaches to assess cardiotoxicity are primarily used. A first approach 
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involves isolation of cardiomyocytes directly from a mammalian species such as rats and 

dogs followed by electrophysiological studies on the isolated cardiomyocytes. However, 

this approach suffers from being extremely labor-intensive, time consuming and costly 

and at the same time not very amenable to the high throughput demands of 

pharmaceutical industry. An alternative approach utilizes cell-based assay models, which 

heterologously express specific ion channels such as hERG channels or voltage-gated 

calcium channels. These cardiac ion channels have been envisioned as possible molecular 

targets through which drugs could induce cytotoxicity. These cell-based systems allow 

assessment of drug-channel interaction by monitoring the effect of the drug on currents 

produced by different channels in cultured cells using a technique known as "patch 

clamping.·· Patch clamping isolates regions of the cell membrane containing channel 

proteins and measures changes in electrical potential difference. However, use of this 

method in high throughput requires automation of patch clamping in an array format. 

which even though is becoming increasing available. is not yet widespread. In addition. 

cardiac toxicity may occur by other mechanisms that may be missed by this type of 

targeted approach. 

(0005] An alternative to in vitro ion-channel recording assays as well as the labor­

intensive isolation of primary tissue is the differentiation of embryonic stem (ES) cells 

into cardiomyocytes. The utility of ES cells as a treatment for various chronic diseases 

has received much attention in recent years. Mammalian ES cells are self renewing cells 

derived from the inner cell mass of a blastocyst stage embryo which can be differentiated 

into multiple different cell types. It has been demonstrated that the mouse ES cells as well 

as human ES cells can be differentiated into cardiomyocytes which retain the ability to 

beat in culture. Differentiation of ES cells first involves an intermediate in vitro 

developmental stage in which ES cells form compact cell structures known as embryoid 

bodies. These embryo id bodies can induce the developmental program of ES cell 

differentiation into multiple cell types including cardiomyocytes. which are distinguished 

in culture by their ability to undergo spontaneous beating. These ES derived in vitro 

differentiated cardiomyocytes recapitulates the normal development of cardiomyocytes as 

evidenced by the stage-specific expression of cardiomyocyte specific genes. All the 
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known transcription factors, ion channels and structural proteins that are part of normal 

heart development and function in vivo are also expressed in ES-derived cardiomyocytes. 

(0006] Even though high throughput to medium throughput systems have been 

developed for functional characterization of cell lines heterologously expressing the gene 

for specific ion channels, high throughput techniques for functional characterization of 

more complex systems such as cardiomyocytes have been limited. Technologies 

designed to assess cardiomyocyte behaviour and function and the effect of drugs and 

other manipulations in vitro can be divided into two different approaches. One approach 

involves long term assessment of cardiomyocyte viability for example in response to 

certain compounds. Such assays are typically end point assays designed to measure a 

cellular component such as ATP which correlates with the degree of viability of the cells. 

The other approach involves studying short term effect of drugs and compounds on 

beating function of cardiomyocytes. High throughput techniques for short term functional 

characterization of ion channels and other targets in cardiomyocytes has been rather 

challenging and limited. The available systems typically only monitor a single 

cardiomyocyte or a small number of cardiomyocytes at a time and with very limited 

throughput. 

SUMMARY OF THE INVENTION 

(0007] The present invention addresses the need to provide systems and methods 

for improved monitoring of excitation-contraction coupling and excitable cells and 

provides related benefits. Specifically, embodiments of the invention describe label-free 

methods for monitoring excitable cells, such as cardiomyocytes, in vitro. The system is 

capable of continuously monitoring excitation-contraction coupling in a relatively high­

throughput manner. The systems and methods can be used for pharmacological safety 

assessment, screening for novel compounds which modulate cardiomyocyte function in a 

specific manner, and assessment of genes involved or potentially involved in cardiac 

function. In addition the system and methods may study the role of different genes and 
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proteins in cardiac function and development through the use of embryonic stem (ES) 

derived cardiomyocytes. 

[0008) In one aspect of the presence invention a system for monitoring 

impedance of excitable cells in vitro is provided including a device for monitoring cell­

substrate impedance, an impedance analyzer capable of impedance measurements at 

millisecond time resolution, electronic circuitry that can engage the device and 

selectively connect two or more electrode arrays of the device to the impedance analyzer 

and a software program that controls the electronic circuitry and records and analyzes 

data obtained from the impedance analyzer. Embodiments of the device for monitoring 

substrate impedance include a nonconductive substrate having one or more individually 

addressable electrode arrays fabricated thereon and one or more wells. Preferably, each 

of the one or more arrays is associated with one of the one or more wells and each 

electrode array is individually addressable. In further embodiments, a surface of the 

substrate is suitable for cell attachment wherein cell attachment results in a detectable 

change in impedance between electrodes within the array. Attachment or growth along 

the surface may be enhanced by applying a precoat having one or more compounds that 

improve attachment. In embodiments where the device includes multiple wells. the 

impedance analyzer has the capability to allow impedance measurements for each and 

every well at millisecond time resolution. That is to say. for a selected time period. the 

impedance data for each and every well of the system is measured at millisecond time 

resolution. Further. when groups of wells are monitored. the groups are monitored at 

millisecond time resolution. 

[0009) Embodiments of the system include electrode arrays having two electrode 

structures that have substantially the same surface area. The electrodes themselves may 

be formed from suitable electrically conductive materials such as metal, gold, platinum, 

titanium, chromium and the like. The electrode arrays may be organized in a variety of 

configurations, including interdigitated, circle-on-line. diamond-on-line. concentric, 

sinusoidal, and castellated. The widths of the electrode structures may be between 20 

microns and 500 microns or 5 microns and 100 microns. 

4 
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10010] Embodiments of the invention include impedance monitoring using 

millisecond time resolution. Millisecond time resolution allows monitoring of at least 

two consecutive impedance measurements with an excitation cycle of excitable cells, 

which are introduced into the well. Further, millisecond time resolution enhances 

measurement such that excitation-contraction coupling of excitable cells may be 

effectively monitored. In some embodiments the excitation cycle is a beating cycle. such 

as a beating cycle of a cardiomyocyte. In some embodiments at least two consecutive 

impedance measurements are performed in less than 100 milliseconds. In other 

embodiments at least two consecutive impedance measurements are performed in less 

than 40 milliseconds. In still further embodiments at least two consecutive impedance 

measurements are performed in less than 20 milliseconds. In still further embodiments 

the at least two consecutive impedance measurements are performed in less 1 0 

milliseconds. 

10011) In some embodiments the device is provided as a multiwell device or a 

multiwell plate. In some embodiments. the multiwell device or multiwell plate may 

including 6 wells. 8 wells, 16 wells. 32 wells. 96 wells. 384 wells or any number 

therebetween. Throughout the present application where the device includes multiple 

wells each of which is associated with an electrode array. millisecond time resolution 

refers to that for any selected time period. the impedance measurement for each and 

every well can be performed with two consecutive measurements separated with 

millisecond resolution. Further. when groups of wells. such as subsets of all wells of a 

device. are monitored a group of wells may be monitored using millisecond time 

resolution. 

(0012) Embodiments of the present invention provide impedance-based 

monitoring with millisecond time resolution in combination with longer term monitoring 

of cells. By combining millisecond time resolution technology with impedance 

monitoring having longer time periods, both short term and long term effects on excitable 

cells can be evaluated. In some embodiments impedance readouts can be used to monitor 

both short term beating and long term viability status of cardiomyocytes in the same well 

or the same population. Such monitoring addresses needs where certain manipulations 
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such as drug treatment may not manifest its effect on cardiomyocyte beating and/or 

viability until a later time period. 

[0013] In some embodiments methods for assessing and quantifying excitable 

cells in vitro include providing the impedance-based system with millisecond time 

resolution; adding excitable cells to one or more wells; monitoring impedance of the one 

or more wells over a first time period. which is characterized as a longer time period. 

such as seconds, minutes, hours or days; monitoring impedance of the one or more wells 

over a second time period in millisecond time resolution; determining a characteristic, 

such as cell attachment, cell growth and cell viability from monitoring over the first time 

period: and resolving individual cycles of the excitable cells from monitoring over the 

second time period. In such embodiments, monitoring impedance over the second time 

period may be performed at regular or irregular time intervals within monitoring 

impedance over the first time period. 

[0014] Among the benefits, embodiments of the invention permit impedance 

readouts to monitor the morphological or differentiative behavior of cardiomyocytes in 

vitro. Certain treatments can induce changes in morphological behavior of 

cardiomyocytes, such as inducing hypertrophy which is associated with cardiomyocyte 

elongation and expansion. Because impedance monitoring can detect changes in cell 

morphology. it can be used to for detection of hypertrophy in cardiomyocytes. 

[0015] In another aspect of the present invention a method for assessing or 

quantifying excitable cells in vitro is provided. An exemplary method includes providing 

the impedance based system having millisecond time resolution, adding excitable cells to 

the one or more wells, monitoring impedance of the one or more wells, and resolving 

individual cycles of the excitable cells. The method has particular utility with cells that 

are known or suspected to be capable of or undergo excitation-contraction coupling, such 

as cardiomyocytes. The method may also be useful for monitoring neurological cells or 

neurological systems. Impedance measurements may be performed in millisecond time 

resolution. In some embodiments, two consecutive impedance measurements for each 

and every well of the system are performed less than 300 milliseconds apart. In further 

embodiments, at least two consecutive impedance measurements for each and every well 
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of the system are performed less than 100 milliseconds apart. In further embodiments. at 

least two consecutive impedance measurements for each and every well of the system are 

performed less than 40 milliseconds apart. In further embodiments, at least two 

consecutive impedance measurements for each and every well of the system are less than 

10 milliseconds apart. 

(0016] In some embodiments methods of determining whether a compound 

modulates a beating cycle of an excitable cell is provided. An exemplary method 

includes providing the impedance based system having millisecond time resolution, 

wherein the system includes at least two wells: adding excitable cells to the at least two 

wells: monitoring impedance of the at least two wells: adding a compound suspected of 

modulation of the beating cycle to a first of the at least two wells to provide a test well, 

wherein a second well lacking compound or having a control compound is provided as a 

control well; resolving the beating cycle of both test well and control well; and 

comparing the beating cycles between the test well and control well, wherein a difference 

in beating cycles indicates the compound modulates the beating cycle of the excitable 

cell. In some embodiments, beating cycles are compared to identify changes in beating 

magnitude or amplitude. In other embodiments. beating cycles are compared to identify 

changes in beating frequency, which may be regular changes or irregular changes. In 

further embodiments the method includes determining a cell index for each of the test 

well and control well such that the step of comparing the beating cycles includes 

comparing the cell indices between test well and control well. Peak magnitude or 

amplitude and/or frequency may be compared. The method may also include monitoring 

impedance over longer time periods of time. Such embodiments may provide long term 

impedance monitoring with intermittent monitoring using millisecond resolution. Thus 

short term and long term monitoring may be performed. 

100171 In another exemplary methods include providing a device for measuring 

cell-substrate impedance operably connected to an impedance analyzer, wherein the 

device includes at least two wells; adding ES cells. adult stem-cell derived 

cardiomyocytes or primary cardiomyocytes to at least two wells; monitoring impedance 

of the at least two wells at different or similar time intervals over a period of time and 

optionally determining cell indices from impedance values; generating an impedance-
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based curve or optionally a cell index curve for each of the at least one known 

biologically active agent and the control; comparing the impedance-based curves or 

optionally the cell index curves between the at least one known biologically active agent 

well and the control well. The impedance-based curves may be direct measurement of 

cardiomyocyte excitation-contraction coupling and if significantly different, concluding 

that the biologically active agent modulates cardiomyocyte function. Optionally, 

impedance-based curves or optionally cell index curves are used to calculate average· rate 

of beats of cardiomyocytes per unit time, average amplitude intensity in a unit time as 

well as the average length of time between the beats, comparison of these optionally 

derived parameters is made between the at least one known biologically active agent well 

and the control welL and if significant differences exist, one may optionally conclude that 

the biologically active agents modulate cardiomyocyte functions. 

(00181 In other embodiments of the present invention, a method of characterizing 

rhythmic beating of a cardiomyocyte is provided. An exemplary method includes 

providing the impedance based system with millisecond time resolution; adding excitable 

cells to the one or more wells; monitoring impedance of the one or more wells in 

millisecond time resolution; determining a plurality of beating cycle peaks; and 

comparing magnitude or amplitude or frequency of the peaks over a time unit. Various 

methods can be used for determining beating cycle peaks. For example, time dependent 

impedance values or cell index values for a well are analyzed by deriving their first order 

derivatives and second order derivatives using numerical methods. The beating cycle 

peaks are those data points where the first order derivatives of impedance values or cell 

index values are zero or close to zero in its absolute value. If the beating cycle peak is a 

positive peak (i.e. peak corresponds to a maximum value in measured impedance or cell 

index over the beating cycle), then the peak would correspond to the data points where 

the second order derivatives of the impedance values or cell index values is negative and 

where the first order derivatives of the impedance values or cell index values is zero or 

close to zero in its absolute value. If the beating cycle peak is a negative peak (i.e. 

peak corresponds to a minimum value in measured impedance or cell index over the 

beating cycle), then the peak would correspond to the data points where the second order 

derivatives of the impedance values or cell index values is positive and where the first 
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order derivatives of the impedance values or cell index values is zero or close to zero in 

its absolute value. The step of determining a plurality of beating cycle peaks may 

include determining a rise in impedance and a decay in impedance and extrapolating a 

peak from each rise and decay. The method may further include determining a cell index 

for each of the one or more wells, which may allow improved comparison of beating 

cycles. Further, beating cycle peaks may be determined by identifying frequency 

components having largest magnitude in Fourier transformed impedance data. The 

method may also include monitoring impedance over longer time periods of time. Such 

embodiments may provide long term impedance monitoring with intermittent monitoring 

using millisecond resolution. 

[0019] A variety of agents and compounds may be tested for modulation of 

excitable cells and for modulation of rhythmic beating of cardiomyocytes. Examples 

include compounds, peptides, proteins, antibodies or antibody fragments, siRNA, 

shRNA, lipid or any combination of thereof. 

[0020] In another aspect of the present invention a method of assessing genetic 

manipulation of an embryonic stem cell is provided including providing the impedance 

based system having millisecond time resolution, mutating embryonic stem cells to 

include a genetic mutation; adding mutated embryonic stem cells to a first well of at least 

two wells to form a test well and control embryonic stem cells to a second of at least two 

wells to form a control well; monitoring impedance of the at least two wells in 

millisecond time resolution; resolving the beating cycles of both test well and control 

well. if any; and comparing the beating cycles between the test well and control well. 

wherein a difference in beating cycles indicates the genetic mutation modulates 

embryonic stem cell differentiation. In some embodiments the embryonic stem cell 

differentiation is differentiation into a cardiomyocyte. In some embodiments the genetic 

mutation is selected from the group consisting of a genetic knock out, a knock down and 

an inserted transgene. The method may also include monitoring impedance over longer 

time periods of time. Such embodiments may provide long term impedance monitoring 

with intermittent monitoring using millisecond resolution. Thus short term and long term 

monitoring may be performed. 
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BRIEF DESCRIPTION OF THE DRA WNGS 

[0021) Those skilled in the art will recognize that the drawings described below 

are for illustrative purposes only. The drawings are not intended to limit the scope of the 

invention but to provide exemplary embodiments. 

(0022) FIG.I depicts schematic drawings of one design of a cell-substrate 

impedance measurement device of the present invention. FIG. IA shows a 

nonconductive substrate (101) shown with 16 electrode arrays fabricated on the substrate. 

Each electrode array (102) comprises two electrode structures (shown in detail in FIG. 

1 B). Each electrode structure comprises multiple electrode elements. Each electrode 

array connects to two electrical traces ( 103), with each of the two traces connected one of 

the two electrode structures. These electrical connection traces (103) from the electrode 

array (102) are connected to the connection pads ( 104) at the edges of the substrate ( 101). 

As shown in FIG. IA. each the four electrode arrays in each of four quarters on the 

substrate (101) have one of their electrical connection traces ( 103) connected to a 

common connection pad ( 104). Thus. for the entire device there are four common 

connection pads (104). one for each quarter of the device. In addition, each electrode 

array has a separate electrical connection trace (103). connecting to an independent 

connection pad (104). Thus, there are total 20 connection pads (104) at the edges of the 

substrate (101). In FIG. 1B a single exemplary electrode array is shown. The electrode 

array has two electrode structures, where each electrode structure comprises multiple 

electrode elements (105) shown here having a circle-on-line geometry. In this electrode 

array structure, electrode elements (105) of one electrode structure of the array alternate 

with electrode elements (105) of the other electrode structure of the array. Each of the 

electrode structures is independently connected to its electrode bus (106), in this case, by 

means of direct connection of the electrode elements ( 105) to the electrode bus (106). 

Each electrode bus (106) forms an arc around the perimeter of the array, where the two 

buses of the array do not abut or overlap. The electrically conductive connection traces 

(103 in FIG. IA) connect each bus with a connection pad (104 in FIG. IA) on the edge 

of the substrate (101 in FIG. lA). 
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[0023] FIG. 2A is a schematic representation of a device 100 with two electrode 

structures of same or similar areas deposited on a substrate. First electrode structure has 

electrode elements 110a, 110b, 110c and second electrode structure has electrode 

elements 120a, 120b, 120c and 120d. Electrode elements within an electrode structure 

are connected to each other by arc-shaped connection electrode bus 125. Like the 

electrode elements, such connection-buses (125) are also made of electrically-conductive 

material (e.g. gold film, platinum film, gold film over a chromium or titanium film). 

These electrically-conductive connection-paths or connection buses (125) may have an 

insulating coating. Electrode elements 1 lOa-11 0c and 120a-120d comprise electrode 

lines with connected circles added on the line. The overall area of electrode elements and 

gaps between electrode elements may correspond to. or may be slightly larger than, or 

may be slightly smaller than, the bottom of a well ( e.g .. a cylinder shaped well, a conical 

shaped well. or a cubic shaped well), for example. a 24 well-plate. a 96-well plate, or 384 

well plate that are commonly used. The whole surfaces of the wells may be covered with 

electrodes to ensure that the cell attachment at nearly any locations of the bottom surface 

of the well can contribute to the impedance change. This arrangement has an advantage 

that non-uniform landing and attachment of cells on the bottom surface of the different 

wells would result in only a small variation in the impedance measured between electrode 

structures 110 and 120. 150 are connection pads that can be connected to an external 

impedance measurement circuit. 130 is the electrical connection traces that connects the 

connection pad to the electrode structures 110 and 120. Such connection traces can 

extend in any direction in the plane of the electrodes. FIG. 28 is a schematic 

representation of a device 200 with two electrode structures of similar areas deposited on 

a substrate. Electrode structures 210 and 220 comprise multiple interconnected electrode 

elements. Electrode elements (210a-210c, 220a-220d) are rectangular lines and together 

form an interdigitated electrode structure unit. Similar to FIG. 2A, the electrode 

elements (210a-210c. 220a-220d) within each electrode structure are connected through 

arc-shaped. electrically conductive paths or electrode buses (225). Connection pads 250 

are connected to electrode structures through the electrical connection traces 230. FIG. 

2C is a schematic representation of a device 300 with two electrode structures of similar 

areas deposited on a substrate. Electrode structures 310 and 320 comprise multiple 
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interconnected electrode elements (31 Oa-31 Of. 320a-320f). Electrode elements (31 Oa-

31 Oc, 320a-320d) are rectangular lines and together form an interdigitated electrode 

structure unit. Different from FIG. 2A and FIG. 28. the electrode structures having 

electrode elements 3 toa-3 toc and 320a-320c are connected to connection pads 350. 

(0024) FIG. 3 shows the cell index curves measured on RT-CES system for 4 

different seeding densities (3 750, 7500. 15.000 and 30,000 cells per well) of mouse ES­

derived cardiomyocytes. In this example. the impedance measurement was taken with a 

time resolution of 1 hour between any two consecutive data points for each well. 

(0025) FIG. 4A provides a plot of normalized cell index values for cells in 

different wells treated with different concentrations of sodium di chromate dehydrate 

(SOD). FIG. 4B provides the corresponding sigmoidal curve for deriving the IC-50 of 

the compound. 

(0026) FIG. SA provides a graph of normalized impedance data over time 

showing shifts in morphology in response to isproteranol. a �2 adrenergic receptor 

agonist. FIG. SB shows a plot of the normalized cell indices against the log of the 

corresponding isoproteranol concentrations to calculate the EC-50. 

(0027) FIG. 6 shows the cell index curves measured on RT-CES system for 4 

individual wells. with cell culture medium as background starting from cell seeding to 

about 86 hrs after cell seeding. For such long term measurement, cell electrode 

impedance and corresponding cell indices were measured at about 15 minute intervals. 

Thus for each well. the impedance measurement was performed with a time resolution of 

15 minutes. 

[0028) FIGS. 7 A-D provides a series of graphs showing cardiomyocyte beating 

throughout attachment and growth phases. 

10029] FIG. 8A and FIG. 8B are a pair of cell index curves and the 

corresponding beat rate derived from Fourier transformation of impedance values 

(0030) FIGS. 9A-D show cardiomyocyte beating data from mouse 

cardiomyocytes treated with sotalol. In FIGS. 9C and 9D, the time resolution between 
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two adjacent points is 40 milliseconds. In other words. a second in FIGS. 7C and 7D is 

equivalent to 40 milliseconds. 

(0031] FIG lOA depicts graphs of agents which slow down heart rate and 

cardiomyocyte beating. FIG. 10B depicts graphs of agents which increase heart rate and 

cardiomyocyte beating. 

(0032] FIGS. 11 A-S depict impedance data of cardiomyocyte patterns associated 

with testing of a variety of known compounds. which are further described in Table II. 

(0033] FIG. 12 depicts impedance based cardiotoxic patterns from known 

compounds. 

(0034] FIG. 13 shows an example of dose dependent effects of Astemizole on 

cardiomyocytes beating at different concentrations. 

(0035] FIGS. 14A - Hare graphical depictions of real time impedance-based 

millisecond time resolution of cardiomyocyte beating in response to Haloperidol 

treatment. The Y-axis is the cell index value. 

(0036] FIGS. lSA-H depict graphical analysis of the impedance beating 

frequency from impedance plots (cell index plots) shown in FIGS. 14A - H. 

(0037] FIGS. 16A-H depict additional graphical analysis of the magnitude or 

amplitude of the beating cycle peaks from impedance plots (cell index plots) shown in 

FIGS. 14A-H. 

(00381 FIGS. 17 A-I are graphical depictions of real time impedance-based 

millisecond time resolution of cardiomyocyte beating in response to Erythromycin 

treatment. The Y-axis is the cell index value. 

(00391 FIGS. 18A-I depict graphical analysis of the impedance beating frequency 

from impedance plots ( cell index plots) shown in FI GS. 17 A - I. 

(0040] FIGS. 19A-I depict additional graphical analysis of beating magnitude or 

amplitude of the beating cycle peaks shown from impedance plots ( cell index plots) 

shown in FIGS. 17A- I. 
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DETAILED DESCRIPTION OF THE INVENITON 

(0041) Detailed descriptions of preferred embodiments of the provided herein. It 

is to be understood; however, that the present invention may be embodied in various 

forms. Therefore specific reference to various forms are provided as a basis for the 

claims and for teaching one skilled in the present art to employ the present invention in 

appropriate system, structure or manner. 

A. Definitions

(0042) Unless defined otherwise, all technical and scientific terms used herein 

have the same meaning as is commonly understood by one of ordinary skill in the art to 

which this invention belongs. All patents, applications, published applications and other 

publications referred to herein are incorporated by reference in their entirety. If a 

definition set forth in this section is contrary to or otherwise inconsistent with a definition 

set forth in the patents, applications, published applications and other publications that 

are herein incorporated by reference, the definition set forth in this section prevails over 

the definition that is incorporated herein by reference. 

(0043) 

(0044) 

(0045) 

As used herein, ·•a" or "an" means "at least one" or "'one or more." 

As used herein, "membrane" is a sheet of material. 

As used herein, "biocompatible polymer" means a polymeric material 

that does not have deleterious effects on cells, including the viability, attachment 

spreading, motility, growth, or cell division. 

(0046) As used herein, '"suitable for attachment" refers to structural features 

that permit attachment of cells thereto. A surface is "suitable for cell attachment" when a 

significant percentage of the cells attach or adhere to the surface within twelve hours. 

Preferably, at least 50% of the cells are adhered to the surface within twelve hours. More 

preferably, at least 70% of the cells are adhered to the surface within twelve hours of 

plating (i.e., adding cells to the well or fluid container). Even more preferably, the 

surface properties of a surface that is suitable for cell attachment results in at least 90% of 
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the cells adhering to the surface within twelve hours of plating. Most preferably, the 

surface properties of a surface that is suitable for cell attachment results in at least 90% of 

the cells adhering to the surface within eight, six. four. two hours of plating. To have 

desired surface properties for cell attachment. the surface may need to chemically-treated 

( e.g. treatment with an acid and/or with a base). and/or physically treated ( e.g. treatment 

with plasma). and/or biochemically treated (e.g. coated with one or more molecules or 

biomolecules that promotes cell attachment). 

(0047] As used herein, "impedance measurement at millisecond time 

resolution" refers to the ability to perform a series of at least two consecutive impedance 

measurements within milliseconds of one another for each and every well of the system 

where each well is associated with an electrode array for impedance measurement. In 

each instance the time between two consecutive impedance measurements are less than 

300 milliseconds from one another. Preferably. consecutive impedance measurements 

are less than 200 milliseconds from one another. More preferably impedance 

measurements are less than 100 milliseconds from one another. For example, the time 

between two consecutive impedance measurements are 40 milliseconds from one another 

for each and every well of the system. To be clear. that is to say. in a time period of 40 

milliseconds. the system has the ability to measure two impedance data points for each 

and every well of the system. 

(0048] As used herein, --excitable cells" refers to a cell population that is 

capable of propagation and spreading action potentials to surrounding cells. These cells 

are able to produce and respond to electrical signals. Some excitable cells are capable of 

excitation-contraction coupling. Examples of .. excitable cells" include cardiomyocytes. 

cells that beat. some skeletal muscle cells, some smooth muscle cells and some neural 

cells. Identification of excitable cells may be found in cell biology literature. 

[0049] As used herein, "excitation-contraction coupling" refers to the 

physiological process of converting an electrical stimulus to mechanical response. This 

process is fundamental to muscle physiology, whereby the electrical stimulus is usually 

an action potential and the mechanical response is contraction. EC coupling can be 

dysregulated in many disease conditions. 
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(0050) As used herein. ··beating cycle .. refers the time between which a 

cardiomyocyte sequentially beats. The "beating cycle" may vary depending on organism 

and developmental stage of the cardiomyocyte. A beating cycle may be as short as 

between 100 and 200 milliseconds. translating to a beating rate of 600 to 300 beats per 

minute. A beating cycle may be as long as between 1000 millisconds and 10,000 

milliseconds. translating to a beating rate of 60 to 6 beats per minute. 

(0051) As used herein. "biomolecular coating'' or '"coated with a 

biomolecule'' refers to is a coating on a surface that comprises a molecule that is a 

naturally occurring biomolecule or biochemical. or a biochemical derived from or based 

on one or more naturally occurring biomolecules or biochemicals. For example. a 

biomolecular coating can comprise an extracellular matrix component (e.g., fibronectin. 

collagens). or a derivative thereof, or can comprise a biochemical such as polylysine or 

polyornithine. which are polymeric molecules based on the naturally occurring 

biochemicals lysine and ornithine. Polymeric molecules based on naturally occurring 

biochemicals such as amino acids can use isomers or enantiomers of the naturally­

occuring biochemicals. 

(00521 As used herein, "extracellular matrix component" refers to a molecule 

that occurs in the extracellular matrix of an animal. It can be a component of an 

extracellular matrix from any species and from any tissue type. Nonlimiting examples of 

extracellular matrix components include laminins, collagens fibronectins, other 

glycoproteins, peptides. glycosaminoglycans. proteoglycans. etc. Extracellular matrix 

components can also include growth factors. 

(0053) As used herein, "electrode" refers to a structure having a high 

electrical conductivity. that is, an electrical conductivity much higher than the electrical 

conductivity of the surrounding materials. 

(0054) As used herein "electrode structure·· refers to a single electrode. 

particularly one with a complex structure (as. for example, a spiral electrode structure), or 

a collection of at least two electrode elements that are electrically connected together. 

All the electrode elements within an "electrode structure'' are electrically connected. 
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[0055) As used herein, '"electrode element" refers to a single structural feature 

of an electrode structure, such as, for example
. 

a finger like or branched projection of an 

interdigitated electrode structure. 

[00561 As used herein ·'electrode structure unit'. refers to two or more 

electrode structures that are constructed to have dimensions and spacing such that they 

can. when connected to a signal source. operate as a unit to generate an electrical field in 

the region of spaces around the electrode structures. Preferred electrode structure units of 

the present invention can measure impedance changes due to cell attachment to an 

electrode surface. Non-limiting examples of electrode structure units are interdigitated 

electrode structure units and concentric electrode structure units. 

[0057] As used herein ... electrode traces 
.
. refer to electrically conductive paths 

that extend from electrodes or electrode elements or electrode structures toward one end 

or boundary of a device or apparatus for connecting the electrodes or electrode elements 

or electrode structures to an impedance analyzer. The end or boundary of a device may 

correspond to the connection pads on the device or apparatus. 

(00581 As used herein, ··connection pad .
. 
refers to an area on an apparatus or a 

device of the present invention which is electrically connected to at least one electrode or 

all electrode elements within at least one electrode structure on an apparatus or a device 

and which can be operatively connected to external electrical circuits (e.g .. an impedance 

measurement circuit or a signal source). The electrical connection between a connection 

pad and an impedance measurement circuit or a signal source can be direct or indirect. 

through any appropriate electrical conduction means such as leads or wires. Such 

electrical conduction means may also go through electrode or electrical conduction paths 

located on other regions of the apparatus or device. 

(00591 As used herein ... interdigitated .
. 
refers to having projections coming 

from one direction that interlace with projections coming from a different direction in the 

manner of the fingers of folded hands (with the caveat that interdigitated electrode 

elements preferably do not contact one another). 

(0060) As used herein, .. high probability of contacting an electrode element"' 

refers to if a cell is randomly positioned within the sensor area of a device or apparatus of 
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the present invention. the probability of a cell ( or particle) contacting on an electrode 

element calculated from the average diameter of a cell used on or in a device or 

apparatus of the present invention. the sizes of the electrode elements, and the size of the 

gaps between electrode elements, is greater than about 50%, more preferably greater than 

about 60%. yet more preferably greater than about 70%. and even more preferably 

greater than about 80%. greater than about 90%. or greater than about 95%. 

100611 As used herein ... at least two electrodes fabricated on said substrate" 

refers to at least two electrodes are fabricated or made or produced on the substrate. The 

at least two electrodes can be on the same side of the substrate or on the different side of 

the substrate. The substrate may have multiple layers. the at least two electrodes can be 

either on the same or on the different layers of the substrate. 

100621 As used herein, "at least two electrodes fabricated to a same side of 

said substrate 
.. 

refers to at least two electrodes are fabricated on the same side of the 

substrate. 

100631 As used herein, "at least two electrodes fabricated to a same plane of 

said substrate" refers to. if the nonconducting substrate has multiple layers. the at least 

two electrodes are fabricated to the same layer of the substrate. 

100641 As used herein, --electrodes have substantially same surface area'' 

refers to the surface areas of the electrodes referred to are not substantially different from 

each other. so that the impedance change due to cell attachment or growth on any one of 

the electrodes referred to will contribute to the overall detectable change in impedance to 

a same or similar degree as the impedance change due to cell attachment or growth on 

any other of the electrodes referred to. In other words. where electrodes have 

substantially the same surface area. any one of the electrodes can contribute to overall 

change in impedance upon cell attachment or growth on the electrode. In most cases. the 

ratio of surface area between the largest electrode and the smallest electrode that have 

··substantially the same surface area" is less than 10. Preferably. the ratio of surface area

between the largest electrode and the smallest electrode of an electrode structure is less 

than 5, 4. 3, 2. 1.5, 1.2 or 1.1. More preferably. the at least two electrodes of an electrode 

structure have nearly identical or identical surface area. 
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[0065] As used herein, --said device has a surface suitable for cell attachment 

or growth" refers to the electrode and/or non-electrode area of the apparatus has 

appropriate physical. chemical or biological properties such that cells of interest can 

viably attach on the surface and new cells can continue to attach, while the cell culture 

grows. on the surface of the apparatus. However. it is not necessary that the device. or 

the surface thereof, contain substances necessary for cell viability or growth. These 

necessary substances. e.g .. nutrients or growth factors. can be supplied in a medium. 

Preferably. when a suspension of viable. unimpaired. excitable cells is added to the 

--surface suitable for cell attachment'" at least 50% of the cells adhere to the surface 

within twelve hours. More preferably. a surface that is suitable for cell attachment has 

surface properties so that at least 70% of the cells are adhering to the surface within 

twelve hours of plating (i.e .. adding cells to the chamber or well that comprises the said 

device). Even more preferably, the surface properties of a surface that is suitable for cell 

attachment results in at least 90% of the cells adhering to the surface within twelve hours 

of plating. Most preferably. the surface properties of a surface that is suitable for cell 

attachment results in at least 90% of the cells adhering to the surface within eight. six. 

four. two hours of plating. 

[0066] As used herein, .. detectable change in impedance between or among 

the electrodes" refers to the impedance between or among the electrodes would have a 

significant change that can be detected by an impedance analyzer or impedance 

measurement circuit when molecule binding reaction or cell attachment or cell adhesion 

or cell presence occurs on the electrode surfaces. The impedance change refers to the 

difference in impedance values when cell attachment or cell adhesion or cell presence or 

molecule binding reaction occurs on the electrode surface of the apparatus and when no 

molecular reaction occurs on the electrode surface or no cell is present on the electrode 

surface. The impedance change may occur upon the presence or decay of a beat from a 

cardiomyocyte. Alternatively. the impedance change refers to the difference in 

impedance values when cells are attached to the electrode surface and when cells are not 

attached to the electrode surface, or when the number. type, activity, or morphology of 

cells attached to the electrode-comprising surface of the apparatus changes. In most 

cases. the change in impedance is larger than 0.1 % to be detectable. Preferably. the 
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detectable change in impedance is larger than 1 %. 2%. 5%. or 8%. More preferably. the 

detectable change in impedance is larger than 10%. Impedance between or among 

electrodes is typically a function of the frequency of the applied electric field for 

measurement. "Detectable change in impedance between or among the electrodes'' does 

not require the impedance change at all frequencies being detectable. ··Detectable change 

in impedance between or among the electrodes 
.
. only requires a detectable change in 

impedance at any single frequency ( or multiple frequencies). In addition. impedance has 

two components, resistance and reactance (reactance can be divided into two categories, 

capacitive reactance and inductive reactance). "Detectable change in impedance between 

or among the electrodes'· requires only that either one of resistance and reactance has a 

detectable change at any single frequency or multiple frequencies. In the present 

application. impedance is the electrical or electronic impedance. The method for the 

measurement of such impedance is achieved by. ( 1) applying a voltage between or among 

the electrodes at a given frequency (or multiple frequencies. or having specific voltage 

waveform) and monitoring the electrical current through the electrodes at the frequency 

( or multiple frequencies. or having specific waveform). dividing the voltage amplitude 

value by the current amplitude value to derive the impedance value; (2) applying an 

electric current of a single frequency component ( or multiple frequencies or having 

specific current wave form) through said electrodes and monitoring the voltage resulted 

between or among the electrodes at the frequency ( or multiple frequencies. or having 

specific waveform). dividing the voltage amplitude value by the current amplitude value 

to derive the impedance value; (3) other methods that can measure or determine electric 

impedance. Note that in the description above of "dividing the voltage amplitude value 

by the current amplitude value to derive the impedance value'". the "division'" is done for 

the values of current amplitude and voltage amplitude at same frequencies. Measurement 

of such electric impedance is an electronic or electrical process that does not involve the 

use of any reagents. 

(0067] As used herein, "multiple pairs of electrodes or electrode structures 

spatially arranged according to wells of a multi-well microplate'" refers to multiple pairs 

of electrodes or electrode structures of a device or apparatus are spatially arranged to 

match the spatial configuration of wells of a multi-well microplate so that. when 
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desirable. the device can be inserted into. joined with. or attached to a multi well plate (for 

example. a bottomless multi well plate) such that multiple wells of the multi-well 

microplate will comprise electrodes or electrode structures. 

(0068) As used herein, ··arranged in a row-column configuration'' refers to 

that. in terms of electric connection, the position of an electrode. an electrode array or a 

switching circuit is identified by both a row position number and a column position 

number. 

(0069) As used herein, --each well contains substantially same number ... of 

cells 
.. 

refers to the lowest number of cells in a well is at least 50% of the highest number 

of cells in a well. Preferably. the lowest number of cells in a well is at least 60%. 70%. 

80%. 90%. 95% or 99% of the highest number of cells in a well. More preferably. each 

well contains an identical number of cells. 

(0070) As used herein. '"each well contains ... same type of cells" means that. 

for the intended purpose. each well contains same type of cells; it is not necessary that 

each well contains exactly identical type of cells. For example. if the intended purpose is 

that each well contains mammalian cells. it is permissible if each well contains same type 

of mammalian cells. e.g. human cells. or different mammalian cells, e.g. human cells as 

well as other non-human mammalian cells such as mice. goat or monkey cells. etc. In 

some instances the '"same type of cells" may initially refer to embryonic stem cells: 

however. the stage of differentiation into cardiomyocytes may be differ. 

(0071) As used herein. --each well contains ... serially different concentration 

of a test compound·· means that each well contains a test compound with a serially 

diluted concentrations, e.g. an one-tenth serially diluted concentrations of 1 M, 0.1 M, 

0.01 M, etc. 

(0072) As used herein, "dose-response curve" means the dependent 

relationship of response of cells on the dose concentration of a test compound. The 

response of cells can be measured by many different parameters. For example. a test 

compound is suspected to be cardiotoxic if it impairs cardiomyocyte beating, whether 

magnitude or amplitude or frequency, or if it causes cell death. Then the response of 
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cells can be measured by percentage of non-viable ( or viable) cardiac cells after the cells 

are treated by the test compound. 

(0073] As used herein, ·•microelectrode strip or electrode strip'' refers to a 

non-conducting substrate strip on which electrodes or electrode structure units are 

fabricated or incorporated. The non-limiting examples of the non-conducting substrate 

strips include polymer membrane. glass. plastic sheets, ceramics, insulator-on­

semiconductor. fiber glass (like those for manufacturing printed-circuits-board). 

Electrode structure units having different geometries can be fabricated or made on the 

substrate strip by any suitable microfabrication. micromachining. or other methods. Non­

limiting examples of electrode geometries include interdigitated electrodes. circle-on-line 

electrodes. diamond-on-line electrodes. castellated electrodes. or sinusoidal electrodes. 

Characteristic dimensions of these electrode geometries may vary from as small as less 

than 5 micron. or less than 10 micron. to as large as over 200 micron. over 500 micron. 

over 1 mm. The characteristic dimensions of the electrode geometries refer to the 

smallest width of the electrode elements. or smallest gaps between the adjacent electrode 

elements. or size of a repeating feature on the electrode geometries. The microelectrode 

strip can be of any geometry for the present invention. One exemplary geometry for the 

microelectrode strips is rectangular shape - having the width of the strip between less 

than 50 micron to over 10 mm. and having the length of the strip between less than 60 

micron to over 15 mm. An exemplary geometry of the microelectrode strips may have a 

geometry having a width of 200 micron and a length of 20 mm. A single microelectrode 

strip may have two electrodes serving as a measurement unit. or multiple such two­

electrodes serving as multiple measurement units. or a single electrode structure unit as a 

measurement unit, or multiple electrode structure units serving as multiple electrode 

structure units. In one exemplary embodiment. when multiple electrode structure units 

are fabricated on a single microelectrode strip. these electrode structure units are 

positioned along the length direction of the strip. The electrode structure units may be of 

squared-shape. or rectangular-shape. or circle shapes. Each of electrode structure units 

may occupy size from less than 50 micron by 50 micron, to larger than 2 mm x 2mm. 

(0074] A "compound" or "test compound" is any compound whose activity or 

direct or indirect effect or effects on cells is investigated in any assay. A test compound 
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can be any compound, including, but not limited to. a small molecule, a large molecule. a 

molecular complex, an organic molecule, an inorganic molecule, a biomolecule or 

biological molecule such as but not limited to a lipid. a steroid, a carbohydrate, a fatty 

acid. an amino acid. a peptide, a protein, a nucleic acid. or any combination thereof. A 

test compound can be a synthetic compound. a naturally occurring compound, a 

derivative of a naturally-occurring compound. etc. The structure of a test compound can 

be known or unknown. In one application of the present invention, a compound is 

capable oL or is suspected of, modulating the beating cycle of a cardiomyocyte cell 

population, whether by beating amplitude or frequency. In still another application. a 

compound is capable oL or is suspected of. interacting with cells (for example. binding to 

cell surface receptor. or inhibiting certain intracellular signal transduction pathway, or 

activating cells). 

100751 A "known compound" is a compound for which at least one activity is 

known. In the present invention, a known compound preferably is a compound for which 

one or more direct or indirect effects on cells is known. Preferably, the structure of a 

known compound is known, but this need not be the case. Preferably. the mechanism of 

action of a known compound on cells is known. for example, the effect or effects of a 

known compound on cells can be, as nonlimiting examples. effects on cardiotoxicity or 

embryonic stem cell development. etc. 

[0076] An "impedance value" is the impedance measured for electrodes in a well 

with or without cell present. Impedance is generally a function of the frequency. i.e .. 

impedance values depend on frequencies at which the measurement was conducted. For 

the present application. impedance value refers to impedance measured at either single 

frequency or multiple frequencies. Furthermore. impedance has two components, one 

resistance component and one reactance component. Impedance value in the present 

application refers to resistance component. or reactance component, or both resistance 

and reactance component. Thus, when ·•impedance value•· was measured or monitored, 

we are referring to that. resistance, or reactance. or both resistance and reactance were 

measured or monitored. In many embodiments of the methods of the present application. 

impedance values also refer to parameter values that are derived from raw. measured 
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impedance data. For example. cell index. or normalized cell index. or delta cell index 

could be used to represent impedance values. 

[0077] A "Cell Index" or "CI" is a parameter that can derived from measured 

impedance values and that can be used to reflect the change in impedance values. There 

are a number of methods to derive or calculate Cell Index. 

[0078] A ··Normalized Cell Index" at a given time point is calculated by dividing 

the Cell Index at the time point by the Cell Index at a reference time point. Thus. the 

Normalized Cell Index is l at the reference time point. 

[00791 A .. delta cell index•· at a given time point is calculated by subtracting the 

cell index at a standard time point from the cell index at the given time point. Thus. the 

delta cell index is the absolute change in the cell index from an initial time (the standard 

time point) to the measurement time. 

[0080) A "Cell Change Index" or "CCI" is a parameter derived from Cell Index 

and --eel" at a time point is equal to the l 
st 

order derive of the Cell Index with respect to 

time. divided by the Cell Index at the time point. In other words. CCI is calculated as 

[00811 

CCI(!)= 
dCl(t) 

CJ(t) · dt

As used herein ... primary cell" or --primary cells" refers to any non-

immortalized cell that has been derived from various tissues and organs of a patient or an 

animal. 

B. Introduction to Impedance-Based Systems and Methods having

Millisecond Time Resolution

(0082] The impedance-based system and methods of the present invention fill a 

major technological gap in monitoring of excitation-contraction coupling and excitable 

cells. such as cardiomyocytes. in vitro. This is accomplished. in part. from the 

development of an impedance-based system and monitoring method that employs 

millisecond time resolution. Millisecond timer resolution permits effective monitoring of 
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excitable cells for short durations, such as less than about 100 milliseconds. Further by 

coupling millisecond time resolution with longer duration time periods, both short term 

and long term effects of drugs, such as cell viability. changes in morphology and 

adhesion can also be assessed. These combination studies permit further data collection 

with respect to compounds such as �-2 adrenergic receptor agonists, well known and 

characterized modulators of heart function in vivo and in vitro, which can induce long 

term hypertrophic responses in cardiomyocytes. which is associated with elongated 

morphology of the cells. When combining long term monitoring and short term 

monitoring it may be desirable to provide long term monitoring coupled to intermittent 

short term monitoring periods. 

(0083) The devices. systems and methods provided permit impedance-based 

monitoring of excitable cells using millisecond time resolution. It has been discovered 

that by developing enhanced impedance based systems. detailed analysis of excitable 

cells. the excitation cycle of cells and potential modulators of excitable cells can be 

performed. Further, by studying the excitation cycle with increased resolution 

embodiments of the invention permit the effective evaluation of factors that may alter 

normal or abnormal cycling. Without millisecond time resolution, it would not be 

possible to perform detailed analysis of the beating cycle of the excitable cells. For 

example. for cardiomyocytes. if the impedance is measured at seconds time-resolution 

such as a ten-second or even one-second resolution. it would not be possible to observe 

beating of the cardiomyocytes or resolve a beating cycle of the cardiomyocytes with an 

impedance measurement. The cardiomyocytes-beating-resulted impedance change 

would be shown as ··noise" on the impedance curves measured at seconds or minutes 

time-resolution. Indeed. it was a surprise that the beating of the cardiomyoctes on the 

electrode surfaces would result in periodic change in impedance and even more surprise 

that the impedance measurement, when performed at appropriate time resolution of milli­

seconds. could resolve such beating cycles. After we discovered that cardiomyocyte 

beating. when cultured on electrode surfaces. can be monitored via impedance 

measurement. we interpreted that such dynamic monitoring of cardiomyocyte beating is 

based on quantification in real time of the rhythmic changes in cardiomyocyte 

morphology and/or attachment as a result of the excitation contraction coupling of the 
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electrically excitable cardiomyocytes growing on microelectrodes· surface in E-PLA TES 

(ACEA Biosciences, San Diego, CA). The quantification of the rhythmic changes in 

cardiomyocyte morphology and/or attachment is achieved via the fast (millisecond 

resolution) and continuous measurement of electrode impedance. The method essentially 

provides a cellular cardio-gram which can provide incisive information about the status 

of cardiomyocytes especially upon treatment with pharmacological agents. 

[0084] When combining long term impedance monitoring and short term 

monitoring it may be desirable to provide long term monitoring coupled to intermittent 

short term monitoring. In other words, while long term impedance monitoring is able to 

identify long term effects on excitable cells. short term impedance monitoring, such as at 

millisecond time resolution may be employed at particular time points to assess short 

term effects. In some instances, impedance monitoring with millisecond time resolution 

is performed at regular or irregular time intervals. In these instances, time intervals may 

be preprogrammed in the system or may be initiated by the user. In some instances 

intermittent measuring at millisecond time resolution is initiated upon the occurrence of 

an event. such as an event detected or determined while long term monitoring of 

impedance. Such events may be changes in measured impedance data, changes in optical 

property and the like. Monitoring at millisecond time resolution may continue until a 

programmed event occurs, such as expiration of a time period. After or during which, 

long term impedance monitoring may continue. 

[0085] In some embodiments, long term and short term monitoring of excitation­

contraction coupling or excitable cells is provided in combination. Exemplary methods 

include providing the impedance-based system with millisecond time resolution: adding 

excitable cells or cells suspected of excitation-contraction coupling to one or more wells: 

monitoring impedance of the one or more wells over a first time period, which is 

characterized as a longer time period, such as seconds, minutes, hours or days: 

monitoring impedance of the one or more wells over a second time period in millisecond 

time resolution: determining a characteristic, such as cell attachment, cell growth and cell 

viability from monitoring over the first time period; and resolving individual cycles of the 

excitable cells from monitoring over the second time period. In such embodiments, 

monitoring impedance over the second time period may be performed at regular or 

26 
37



irregular time intervals within monitoring impedance over the first time period. Further, 

test agents may be added to assess their short term effects and long term effects on the 

cells. 

[0086] Impedance monitoring using. at least in part. millisecond time resolution 

will be useful in the testing of compounds such as drugs for the treatment or prevention 

of various medical conditions or their safety. In some embodiments the systems and 

methods are used to test or evaluate potential compounds, drugs or treatments for 

cardiotoxicity data. In some embodiments potential compounds. drugs or treatments are 

tested for cardioprotective data. In some embodiments potential compounds, drugs or 

treatments are tested for potential applicability for cardiovascular treatments. including 

hypertension or congestive heart failure. In some embodiments potential compounds, 

drugs or treatments are tested for modulation of embryonic stem cell development. such 

as development into cardiomyocytes. In other embodiments the systems and methods are 

used to test or assess potential drugs or treatments for neurological data, such as 

beneficial or deleterious neurological effects. As will be understood by those skilled n 

the present art. the impedance based system and methods including millisecond time 

resolution permits evaluation across multiple cell populations or systems that including 

excitation-contraction coupling. 

[0087] One skilled in the art will understand embodiments of the present 

invention may be used for studying a variety of excitable cells or effects thereon. As 

nonlimiting examples cells may be cardiac muscle cells. neurological cells, 

differentiating stem cells, embryonic stem cells. adult stem cells and the like. Smooth 

muscle cells and skeletal muscle cells that undergo excitation-contraction coupling may 

also be studied. 

[0088) In some embodiments of the present invention the excitation cycle or 

beating of cardiomyocytes is studied. Cardiomyocytes are specialized muscle cells. 

which make up the majority of the volume of the myocardium. The myocardium also 

includes epithelial cells and fibroblasts. Cardiomyocytes are arranged largely in a 

circumferential and spiral orientation around the left ventricle, the chamber that pumps 

blood to the systemic circulation. Atrial myocytes. also cardiomyocytes, are smaller in 

27 
38



diameter and less structured than their ventricular counterparts. Cardiomyocytes have 

five major components: cell membrane (sarcolemma) and T-tubules, for impulse 

conduction; sarcoplasmic reticulum, a calcium reservoir needed for contraction; 

contractile elements; mitochondria; and nucleus. Cellularly, cardiomyocytes may be 

identified by the presence of cardiac tropnin T (TnT) and atrial natriuretic peptide (ANP). 

(0089) The functional intracellular contractile unit of cardiac muscle (like skeletal 

muscle) is the sarcomere, an orderly arrangement of thick filaments composed principally 

of myosin, and thin filaments containing actin. Contraction of cardiac muscle occurs by 

the cumulative effort of sliding of the actin filaments between the myosin filaments 

toward the center of each sarcomere. 

(0090) Cardiomyocytes may be obtained or isolated from cardiac tissue directly, 

may be cultured from cardiomyocyte cells or may be differentiated from stem cells, such 

as embryonic stem cells. In some embodiments embryonic or adult stem cells are used. 

Methods for obtaining or isolating cardiomyocytes from cardiac tissue may be found in 

the literature. 

(0091 I Since embryonic stem (ES) cells are self renewing cells in culture they can 

serve as an excellent source for continuous production of cardiomyocytes. These derived 

cardiomyocytes, which behave in every way like normal cardiomyocytes isolated from 

the heart tissue itself: addresses the ever important supply problem and for the first time 

allows for assessment of cardiac function and its modulation by lead candidate drugs and 

compounds in relatively large scale. Furthermore, because the technology exists to 

selectively knockout or express trans-genes in ES cells, it provides an excellent model 

system to study the role of certain genes in cardiac development and function without 

concern of adverse affects on overall embryonic development in transgenic animals. 

Further, the ability to express transgenes in ES cells has been utilized as a way to enrich 

for preparation of cardiomyocytes that are 100% pure. For example, the gene encoding 

GFP has been cloned downstream of a cardiac-specific promoter and then introduced into 

ES cells. Embryoid cells which ultimately differentiate into cardiomyocytes express the 

GFP transgenes and can be easily identified and isolated by cell sorting techniques and 

therefore an enriched cardiomyocyte population can be obtained. 
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C. Impedance-Based Systems Having Millisecond Time Resolution

(00921 In preferred embodiments the system for monitoring impedance of 

excitable cells in vitro includes a device for monitoring cell-substrate impedance, an 

impedance analyzer capable of impedance measurements at millisecond time resolution, 

electronic circuitry that can engage the device and selectively connect two or more 

electrode arrays of the device to the impedance analyzer and a software program that 

controls the electronic circuitry and records and analyzes data obtained from the 

impedance analyzer. By providing the impedance based system with millisecond time 

resolution, excitation-contraction coupling cells can be efficiently monitored and studied. 

Accordingly, the systems provided herein are able to identify and evaluate changes in 

excitation-contraction events, which may be used for high throughput analysis of 

potential therapeutics. Millisecond time resolution measurements may be coupled with 

longer term impedance monitoring, such as longer than seconds, hours or days. In some 

embodiments, long term impedance monitoring is performed with intermittent periods of 

impedance monitoring at millisecond time resolution. 

[00931 Embodiments of the device for monitoring substrate impedance include a 

nonconductive substrate having one or more individually addressable electrode arrays 

fabricated thereon and one or more wells. A surface of the substrate may be suitable for 

cell attachment, wherein the cell attachment results in a detectable change in impedance 

between electrodes within the array. Preferably, the nonconducting substrate is planar, 

and is flat or approximately flat. The substrates may be constructed from a variety of 

nonconductive materials known in the present art including, but not limited to, silicon 

dioxide on silicon, silicon-on-insulator (SOI) wafer, glass (e.g., quartz glass, lead glass or 

borosilicate glass), sapphire, ceramics, polymer, fiber glass, plastics, e.g., polyimide (e.g. 

Kapton, polyimide film supplied by DuPont), polystyrene, polycarbonate, polyvinyl 

chloride, polyester, polypropylene and urea resin. Preferably, the substrate is 

biocompatible with excitable cells; however, materials that are not biocompatibie can be 

made biocompatible by coating with a suitable material, such as a biocompatible polymer 

or coating. Further, attachment or growth along the substrate or electrodes may be 
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enhanced by precoating the substrate with a protein or compound that facilitates 

attachment or growth. Such compounds may be chosen according to techniques known 

in the cellular biology arts; however, in some embodiments fibronectin is effective. 

Alternatively, the substrate may be chemically modified to display reactive groups that 

enhance cell attachment, particularly ES cells or cardiomyocytes. 

100941 Each electrode array includes two or more electrode structures that are 

constructed to have dimensions and spacing such that they can, when connected to a 

signal source, operate as a unit to generate an electrical field in the region of spaces 

around the electrode structures. Preferably the electric field is substantially uniform 

across the array. An electrode structure refers to a single electrode, particularly one with 

a complex structure. Specifcially, an electrode array includes two electrode structures, 

each of which includes multiple electrode elements, or substructures, which branch from 

the electrode structure. In preferred embodiments, the electrode structures of each of the 

two or more electrode arrays of a device have substantially the same surface area. 

100951 Each of the two electrode structures of an electrode array is connected to a 

separate connection pad that is preferably located at the edge of the substrate. 

Specifically, for each of the two or more electrode arrays of the device, preferably the 

first of the two electrode structures is connected to one of the two or more connection 

pads, and the second of the two electrode structures is connected to another of the two or 

more connection pads. Preferably, each array of a device is individually addressed, 

meaning that the electrical traces and connection pads of the arrays are configured such 

that an array can be connected to an impedance analyzer in such a way that a measuring 

voltage can be applied across a single array at a given time by using switches (such as 

electronic switches). 

100961 Preferably, each electrode array of the device has an approximately 

uniform electrode resistance distribution across the entire array. By "uniform resistance 

distribution across the array" is meant that when a measurement voltage is applied across 

the electrode structures of the array, the electrode resistance at any given location of the 

array is approximately equal to the electrode resistance at any other location on the array. 

Preferably, the electrode resistance at a first location on an array of the device and the 
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electrode resistance at a second location on the same array does not differ by more than 

30%. More preferably, the electrode resistance at a first location on an array of the device 

and the electrode resistance at a second location on the same array does not differ by 

more than 15%. Even more preferably, the electrode resistance at a first location on an 

array of the device and a second location on the same array does not differ by more than 

5%. More preferably yet_ the electrode resistance at a first location on an array of the 

device and a second location on the same array does not differ by more than 2%. 

[0097] Preferred arrangements for electrode elements and gaps between the 

electrodes and electrode buses in a given electrode array are used to allow all cells, no 

matter where they land and attach to the electrode surfaces and to contribute similarly to 

the total impedance change measured for the electrode array. Thus, it is desirable to have 

similar electric field strengths at any two locations within any given array of the device 

when a measurement voltage is applied to the electrode array. At any given location of 

the array, the field strength is related to the potential difference between the nearest point 

on a first electrode structure of the array and the nearest point on a second electrode 

structure of the array. It is therefore desirable to have similar electric potential drops 

across the electrode elements and across the electrode buses of a given array. Based on 

this requirement, it is preferred to have an approximately uniform electrode resistance 

distribution across the whole array where the electrode resistance at a location of interest 

is equal to the sum of the electrode resistance between the nearest point on a first 

electrode structure (that is the point on the first electrode structure nearest the location of 

interest) and a first connection pad connected to the first electrode structure and the 

electrode resistance between the nearest point on a second electrode structure (that is the 

point on the first electrode structure nearest the location of interest) and a second 

connection pad connected to the second electrode structure. 

(00981 Preferably, devices of the present invention are designed such that the 

arrays of the device have an approximately uniform distribution across the whole array. 

This can be achieved, for example, by having electrode structures and electrode buses of 

particular spacing and dimensions (lengths, widths, thicknesses and geometrical shapes) 

such that the resistance at any single location on the array is approximately equal to the 

resistance at any single other location on the array. In most embodiments, the electrode 
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elements ( or electrode structures) of a given array will have even spacing and be of 

similar thicknesses and widths, the electrode buses of a given array will be of similar 

thicknesses and widths, and the electrode traces leading from a given array to a 

connection pad will be of closely similar thicknesses and widths. Thus, in these preferred 

embodiments, an array is designed such that the lengths and geometrical shapes of 

electrode elements or structures. the lengths and geometrical shapes of electrode traces. 

and the lengths and geometrical shapes of buses allow for approximately uniform 

electrode resistance distribution across the array. 

100991 In some preferred embodiments of impedance measurement devices. 

electrode structures comprise multiple electrode elements. and each electrode element 

connects directly to an electrode bus. Electrode elements of a first electrode structure 

connect to a first electrode bus. and electrode elements of a second electrode structure 

connect to a second electrode bus. In these embodiments, each of the two electrode buses 

connects to a separate connection pad via an electrical trace. Although the resistances of 

the traces contribute to the resistance at a location on the array, for any two locations on 

the array the trace connections from the first bus to a first connection pad and from the 

second bus to a second connection pad are identical. Thus, in these preferred 

embodiments trace resistances do not need to be taken into account in designing the 

geometry of the array to provide for uniform resistances across the array. 

1001001 In preferred embodiments of the present invention, a device for 

monitoring cell-substrate impedance has two or more electrode arrays that share a 

connection pad. Preferably one of the electrode structures of at least one of the electrode 

arrays of the device is connected to a connection pad that also connects to an electrode 

structure of at least one other of the electrode arrays of the device. Preferably for at least 

two arrays of the device, each of the two or more arrays has a first electrode structure 

connected to a connection pad that connects with an electrode structure of at least one 

other electrode array, and each of the two or more arrays has a second electrode structure 

that connects to a connection pad that does not connect with any other electrode 

structures or arrays of the device. Thus, in preferred designs of a device there are at least 

two electrode arrays each of which has a first electrode structure that is connected to a 
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common connection pad and a second electrode structure that is connected to an 

independent connection pad. 

[00101] In some preferred embodiments of the present invention, each of 

the electrode structures of an array is connected to an electrode bus that is connected to 

one of the two or more connection pads of the device via an electrically conductive trace. 

In preferred embodiments, each of the two electrode structures is connected to a single 

bus. such that each array connects to two buses. one for each electrode structure. In this 

arrangement. each of the two buses connects to a separate connection pad of the 

substrate. 

(00102] The electrically conductive traces that connect a bus with a 

connection can be fabricated of any electrically conductive material. The traces can be 

localized to the surface of the substrate. and can be optionally covered with an insulating 

layer. Alternatively the traces can be disposed in a second plane of the substrate. 

Description of arrangements and design of electrically conductive traces on impedance 

measurement devices can be found in U.S. Patent No. 7.470,533, herein incorporated by 

reference for all disclosure on fabrication and design of electrically conductive trace on 

substrates. 

(00103] Appropriate electronic connection means such as metal clips 

engaged onto the connection pads on the substrate and connected printed-circuit-boards 

can be used for leading the electronic connections from the connection pads on the 

devices to external electronic circuitry (e.g. an impedance analyzer). Description of the 

design of cell-substrate impedance devices and their manufacture can be found in U.S. 

Patent 7.470,533, herein incorporated by reference for all description and disclosure of 

the design, features, and manufacture of impedance device comprising electrode arrays. 

(00104) Descriptions of electrode arrays used for impedance measurement 

that apply to the devices of the present invention are described in U.S. Patent No. 

7.470,533, herein incorporated by reference for all disclosure relating to electrode arrays 

( or structural units), electrode structures, electrode materials, electrode dimensions. and 

methods of manufacturing electrodes on substrates. 
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[00105] Preferred electrode arrays for devices of the present invention 

include arrays comprising two electrode structures. such as, for example. spiral electrode 

arrays and interdigitated arrays. In some preferred devices of the present invention, 

electrode arrays are fabricated on a substrate. in which the arrays comprises two electrode 

structures, each of which comprises multiple circle-on-line electrode elements, in which 

the electrode elements of one structure alternate with the electrode elements of the 

opposite electrode structure. Electrode arrays may be provided in configurations, such as 

interdigitated. circle-on-line. diamond-on-line. concentric, sinusoidal and castellated. 

[00106] Preferably. the electrode elements ( or electrode structures) of an 

array of the present device of the present invention are of approximately equal widths. 

Preferably the electrode elements (or electrode structures) of an array of the present 

device of the present invention are greater than 20 microns and less than 500 microns in 

width, more preferably from about 50 to about 300 microns in width. 

[001071 Preferably, the electrode elements (or electrode structures) of an 

array of the present device of the present invention are approximately evenly spaced. 

Preferably. the gap between electrode elements ( or electrode structures) of an array of the 

present device of the present invention is less than 100 microns and more than 5 microns 

in width. more preferably from about 10 to about 80 microns in width. 

[00108] A device of the present invention can include one or more fluid-

impermeable receptacles which serve as fluid containers or wells. Such receptacles may 

be reversibly or irreversibly attached to or formed within the substrate or portions thereof 

(such as. for example, wells formed as in a microtiter plate). In another example. the 

device of the present invention includes microelectrode strips reversibly or irreversibly 

attached to plastic housings that have openings that correspond to electrode structure 

units located on the microelectrode strips. Suitable fluid container materials comprise 

plastic, glass. or plastic coated materials such as a ceramic. glass, metaL etc. Descriptions 

and disclosure of devices that comprise fluid containers can be found in U.S. Patent 

Application No. 7,470,533, herein incorporated by reference for all disclosure of fluid 

containers and fluid container structures that can engage a substrate comprising 
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electrodes for impedance measurements, including their dimensions, design, composition. 

and methods of manufacture. 

[00109] In preferred embodiments. each electrode array on the substrate of 

a device of the present invention is associated with a fluid-impermeable container or 

receptacle. such as, for example. a well. Preferably. the device of the present invention is 

assembled to a bottomless. multiwell plastic plate or strip with a fluid tight seal. The 

device is assembled such that a single array of the substrate is at the bottom of a 

receptacle or well. Preferably. each array of a device is associated with a well of a 

multiwell plate. In some preferred embodiments. a multiwell device for cell-substrate 

impedance measurement has "non-array" wells that are attached to the substrate but not 

associated with arrays. Such wells can optionally be used for performing non-impedance 

based assays. or for viewing cells microscopically. 

[00110) The design and assembly of multi well impedance measurement 

devices is described in U.S. Patent No. 7.470.533. and also in U.S. Patent No. 7.192,752. 

both herein incorporated by reference for disclosure of multiwell impedance 

measurement devices. including their design. composition. and manufacture. A device of 

the present invention preferably has between 2 and 1.536 wells and more preferably 

between 4 and 384 wells. In some embodiments the device includes 6 wells. 16 wells. 32 

wells. 96 wells or 386 wells. 

[00111) In some preferred embodiments. commercial tissue culture plates 

can be adapted to fit a device of the present invention. Bottomless plates may also be 

custom-made to preferred dimensions. Preferably. well diameters are from about 1 

millimeter to about 20 millimeters, more preferably from about 2 millimeters to about 8 

millimeters at the bottom of the well (the end disposed on the substrate). The wells can 

have a uniform diameter or can taper toward the bottom so that the diameter of the 

container at the end in contact with the substrate is smaller than the diameter of the 

opposing end. 

[00112] In the system for monitoring impedance of excitable cells the 

impedance analyzer engages connection pads of one or more multi-well devices to 

measure impedance. In one embodiment of the above system, the impedance analyzer is 
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capable of measuring impedance between 0.1 ohm and 105 ohm in frequency range of 

1 Hz to 1 MHz. The impedance analyzer is preferably capable of measuring both 

resistance and reactance ( capacitive reactance and inductive reactance) components of the 

impedance. In a preferred embodiment of the above system, the impedance analyzer is 

capable of measuring impedance between 1 ohm and 10
3 

ohm in frequency range of 1.00 

Hz to 300 kHz. 

[00113) In preferred embodiments the impedance analyzer is capable of 

impedance measurements at millisecond time resolution. The required or desired time 

resolution may vary depending on the excitation cycle of the excitable cell. Excitable 

cells having shorter excitation cycles would tend to require faster time resolution. In 

some embodiments 500 millisecond time resolution is sufficient, such that at least two 

consecutive impedance measurements are between about 300 milliseconds and about 500 

milliseconds apart. In preferred embodiments. impedance measurement at millisecond 

time resolution includes at least two consecutive impedance measurements less than 100 

milliseconds apart. In some instances the at least two consecutive impedance 

measurements are less than 50 milliseconds or less than 40 milliseconds apart. In some 

instances the at least two consecutive impedance measurements are less than 20 

milliseconds apart. In some instances at least two consecutive impedance measurements 

are less than IO milliseconds apart. In some instances millisecond time resolution 

includes two consecutive impedance measurements between I millisecond and 5 

milliseconds, between 5 milliseconds and 10 milliseconds, between 10 milliseconds and 

20 milliseconds, between 20 milliseconds and 40 milliseconds, or between 40 

milliseconds and 50 milliseconds apart. In some instances millisecond time resolution 

includes at least two consecutive impedance measurements between 50 milliseconds and 

100 milliseconds apart. In some instances millisecond time resolution includes at least 

two consecutive impedance measurements between 100 milliseconds and 150 

milliseconds or between 150 and 300 milliseconds apart. 

[00114) Millisecond time resolution of impedance-based devices provides a 

significant technical step over traditional impedance measuring devices, which are 

typically limited to second or minute resolution. That is, substantial reconfiguration of a 

traditional impedance-based system is required to obtain millisecond time resolution. 

36 

47



Advances in multiple steps are required to achieve millisecond time resolution, including 

the impedance measurement circuitry together with electronic switching circuitry. 

Technological advances are further required when performing millisecond time 

resolution over multiple wells. such as 4 wells. 8 wells. 16 wells or 96 wells. For 

example. if the system comprises a device having 96 wells. the system hardware and 

software should be capable oC for a given time period. measuring the impedances of all 

96 wells with millisecond time resolution between two adjacent or consecutive 

impedance measurement points for each and every well. Thus, comparing two 

impedance analyzers. one for impedance measurement of 96 wells with millisecond 

resolution and another for impedance measurement of a single well with millisecond time 

resolution. the one for 96 well measurement is effectively 96-times faster than one for a 

single well measurement since it is required to have a capability for performing 

impedance measurement for all 96 wells with millisecond time resolution. Similarly. if a 

96 well device is provided. a group of wells. such as a group of 2. 4. 6, 12, 24 or 48 wells, 

may be measured in millisecond time resolution. Preferably. the time difference between 

two adjacent measurement points for each and every given well is less than 500 

milliseconds. More preferably, the time difference between two adjacent measurement 

points for each and every given well is less than 300 milliseconds. Still more preferably. 

the time difference between two adjacent measurement points for each and every given 

well is less than 100 milliseconds. Still more preferably, the time difference between 

two adjacent measurement points for each and every given well is less than 40 

milliseconds. Still more preferably. the time difference between two adjacent 

measurement points for each and every given well is less than 20 milliseconds. Still 

more preferably. the time difference between two adjacent measurement points for each 

and every given well is less than 10 milliseconds. 

(00115] A number of improvements in the impedance measurement 

circuitry, electronic switching circuitry, communication between impedance 

measurement circuitry and software can be used to achieve such millisecond time 

resolution. For instance, improvement likely requires the use of fast processing 

electronic chips for analogue-to-digital conversion, for parallel digital signal processing 

and data calculation with field-programmable gate array (FPGA) and for fast 
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communication between the impedance measurement circuitry and software. Another 

example of improvements includes the use of multiple analogue-to-digital (AD) 

conversion channels so that analog electronic signals from multiple channels can be 

converted to digital signals simultaneously. Such parallel AD conversion is important, 

particular for the system having multiple wells. each of which· s measurement time 

resolution is required to be in the millisecond resolution. And. a very important is to 

replace previous working mode of ··measurement of one-weirs impedance at a time" 

with a mode of"measurement of multiple-wells' impedances at a time''. In "one-well at 

a time" mode, when the software issue a command for measuring one well's impedance, 

the measurement circuitry would perform the measurement for one well including signal 

generation to the well, converting the voltage signal and the electric current signal for the 

well to digital signal, digitally processing the signals to do impedance calculation and 

sending the well's impedance data to the computer over the communication line between 

the impedance measurement circuitry and the computer. The system will not perform 

any measurement for another well until the completion of the measurement of this well 

and until receiving another command for the measurement of another well. In "'multiple­

wells at a time" mode, the software would issue a command for measuring multiple 

wells' impedances. The measurement circuitry would simultaneously or nearly 

simultaneously perform signal conversion. signal processing and impedance calculation 

for multiple wells. The multiple impedance data for the multiple wells would be sent 

over the communication lines to the computer sequentially with one well's data at the 

same time or simultaneously with more than one well's data being sent at a time. In this 

"measurement of multiple-wells' impedances at a time" mode, the system may be 

performing multiple tasks simultaneously. for example. while one well's impedance data 

is being measured and calculated. another well's impedance data may be communicated 

and sent over the communication lines to the computer. 

(00116] With millisecond time resolution for impedance measurement. it 

becomes possible to resolve individual beating cycles of cardiomyocytes cultured on 

electrodes. Whilst theoretically one needs at least two data points for each beating cycle. 

in practice more than 2 data points are needed for each beating cycle. For example. if 

cells have a beating rate of 60 beats per minute. i .. e. one beat per second. It would be 
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preferred to have a time resolution of at least 200 milliseconds so that each beating cycle 

consists of 5 data points. More preferably. the measurement time resolution is 100 

milliseconds. Still more preferably. the time resolution is 50 millisconds or less. 

1001111 One skilled in the art will understand that the cell-substrate 

impedance measurement or monitoring system with millisecond time resolution can be 

used to efficiently and simultaneously perform multiple assays by using circuitry of the 

device station to digitally switch from recording from measuring impedance over an array 

in one well to measuring impedance over an array in another well. Similarly, groups of 

wells may be monitored simultaneously and switching between occur between designated 

groups. In one embodiment of the above system, the system under software control is 

capable of completing an impedance measurement for an individual well at a single 

frequency within milliseconds, such as less than 100 milliseconds, less than 40 

milliseconds. less than 20 milliseconds. less than 10 milliseconds or between 1 

millisecond and 40 milliseconds. In some embodiments the user may choose the 

frequency of measurement for millisecond time resolution. 

1001181 A multiple-well cell-substrate impedance measuring device in a 

system of the present invention can be any multiple-well cell-substrate impedance 

measuring device in which at least two of the multiple wells comprise an electrode array 

at the bottom of the well, and in which at least two of the multiple wells comprise an 

electrode array are individually addressed. In one embodiment of the above system, the 

multi-well device takes the form of a specialized microtiter plate which has 

microelectronic sensor arrays integrated into the bottom of the wells. 

1001191 A device used in a system of the present invention, when 

connected to an impedance analyzer, can measure differences in impedance values that 

relate to cell behavior. For example, a cell-substrate impedance measuring device used in 

a system of the present invention can measure differences in impedance values when 

cells are attached to the electrode array and when cells are not attached to the electrode 

array, or can detect differences in impedance values when the number, type, activity. 

adhesiveness, or morphology of cells attached to the electrode-comprising surface of the 

apparatus changes. Further, by using millisecond time resolution differences in 
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impedance may be detected or monitored that relate to excitation-contraction coupling, 

including the beating of cardiomyocytes or stem cells differentiating into 

cardiomyocytes, and the signaling between neurological cells. Impedance monitoring of 

the excitation cycle of excitable cells may be determined and monitored before, during or 

after adding a test compound, which is suspected of affecting the excitation cycle. Thus, 

by monitoring the excitation cycle of the excitable cell before, during or after adding a 

test compound the system provides data corresponding to the potential affect of the 

compound on the cardiovascular system, the heart the nervous system, and the like. In 

some embodiments monitoring the excitation cycle of the cell before, during or after 

adding a compound provides cardiotoxicity data useful in drug screening. 

1001201 In some embodiments a device station or electromechanical 

apparatus or assembly capable of interfacing multi well devices can include one or more 

platforms or one or more slots for positioning one or more multiwell devices. The one or 

more platforms or one or more slots can comprise sockets, pins or other devices for 

electrically connecting the device to the device station. The device station or 

electromechanical apparatus or assembly capable of interfacing multi well devices 

preferably can be positioned in a tissue culture incubator during cell impedance 

measurement assays. It can be electrically connected to an impedance analyzer and 

computer that are preferably located outside the tissue culture incubator. 

1001211 The device station or electromechanical apparatus or assembly 

capable of interfacing multiwell devices includes electronic circuitry that can connect to 

the impedance monitoring device and an impedance analyzer and electronic switches that 

can switch on and off connections to each of the two or more electrode arrays of the 

multi well devices used in the system. The switches of the device station or 

electromechanical apparatus or assembly capable of interfacing multi well devices are 

controlled by a software program, each of which has been improved to provide 

millisecond time resolution. The software program directs the device station to connect 

arrays of the device to an impedance analyzer and monitor impedance from one or more 

of the electrode arrays. During impedance monitoring, the impedance analyzer can 

monitor impedance at one frequency or at more than one frequency. Preferably, 

impedance monitoring is performed at more than one time point for a given assay, and 
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preferably, impedance is monitored using at least two time points. The device station can 

connect individual arrays of a device to an impedance analyzer to monitor one, some, or 

all of the arrays of a device for a measurement time point. In some preferred 

embodiments of the present invention. the device station software is programmable to 

direct impedance monitoring of any of the wells of the device that comprise arrays at 

chosen time intervals. 

100122) The software of the impedance monitoring system can also store 

and display data. Data can be displayed on a screen, as printed data, or both. Preferably 

the software can allow entry and display of experimental parameters, such as descriptive 

information including cells types, compound concentrations, time intervals monitored, 

etc. 

100123) Preferably, the software can also analyze impedance data. In 

preferred embodiments, the software can calculate a cell index (CI) for one or more time 

points for one or more wells of the multi well device. In some preferred embodiments, the 

software can calculate a cell change index (CCI) from impedance measurements of one 

or more wells of the multi well device. The software can preferably generate plots of 

impedance data and impedance values, such as but not limited to CI or CCI, with respect 

to time. The software may perform other analysis as well, such as calculate cell number 

from CL generate dose-response curves based on impedance data, calculate IC values 

based on impedance values, and calculate kinetic parameters of the excitation cycle cell 

based on impedance values and impedance value curves. In some embodiments the 

beating cycle of a cardiomyocyte population is determined, which may include initiation 

and decay of individual beats. Peaks may be derived from the detection of vectors 

associated with initiation of beating or beating decay. Peaks may be derived with other 

methods. In further embodiments the change in beating cycle of a cardiomyocyte 

population is determined in response to a stimulus such as a pharmacological agent. The 

software of the impedance monitoring system can also store and display analyses of the 

data, such as calculated impedance values and kinetic parameters derived therefrom, Data 

can be displayed on a screen, as printed data, or both. Data may be stored on a hard drive 

for exportation into compatible programs for further analysis or data storage 
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[00124) Further information regarding how to calculate a cell index, cell 

change index, normalized cell index, and delta cell index may be found in US patent 

application no. 1 l/235,938, and U.S. Patent No. 7.470.533, the contents of which are 

herein incorporated by reference with respect to the cell index, cell index number, cell 

change index, and cell change index number. However each is briefly summarized. 

[00125) The cell index obtained for a given well reflects: I )  how many 

cells are attached to the electrode surfaces in this well. 2) how well cells are attached to 

the electrode surfaces in the well. In this case. a zero or near-zero "cell index or cell 

number index" indicates that no cells or very small number of cells are present on or 

attached to the electrode surfaces. In other words. if no cells are present on the 

electrodes, or if the cells are not well-attached onto the electrodes cell index =0. A higher 

value of ··cell number index" indicates that. for same type of the cells and cells under 

similar physiological conditions, more cells are attached to the electrode surfaces. Thus 

Cell Index is a quantitative measure of cell number present in a well. A higher value of 

"cell index" may also indicate that, for same type of the cells and same number of the 

cells. cells are attached better (for example. cells spread out more, or cell adhesion to the 

electrode surfaces is stronger) on the electrode surfaces. 

[00126) A "Normalized Cell Index" at a given time point is calculated by 

dividing the Cell Index at the time point by the Cell Index at a reference time point. 

Thus. the Normalized Cell Index is 1 at the reference time point. Normalized cell index is 

cell index normalized against cell index at a particular time point. In most cases in the 

present applications, normalized cell index is derived as normalized relative to the time 

point immediately before a compound addition or treatment. Thus, normalized cell index 

at such time point (immediately before compound addition) is always unit one for all 

wells. One possible benefit for using such normalized cell index is to remove the effect 

from difference in cell number in different wells. A well having more cells may produce 

a larger impedance response following compound treatment. Using normalized cell 

index, it helps to remove such variations caused by different cell numbers. 

[00127) A "delta cell index" at a given time point is calculated by 

subtracting the cell index at a standard time point from the cell index at the given time 
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point. Thus, the delta cell index is the absolute change in the cell index from an initial 

time (the standard time point) to the measurement time. 

(00128) The time-dependent cellular response (including cardiotoxicity 

response) may be analyzed by deriving parameters that directly reflect the changes in cell 

status. For example, time dependent cellular response may be analyzed by calculating 

the slope of change in the measured impedance responses (that is equivalent to the first 

order derivative of the impedance response with respect to time, impedance response 

here can be measured impedance data or derived values such as cell index, normalized 

cell index or delta cell index). In another example, the time-dependent cellular responses 

(including cardiotoxic resposnes) may be analyzed for their higher order derivatives with 

respect to time. Such high order derivatives may provide additional information as for 

how cells responding to different compounds and as for the mechanisms of compound 

action. 

(00129) Thus CCI is the normalized rate of change in cell index. CCI 

values can be used to quantify the cell status change. For cells in an exponential growth 

under regular cell culture condition, the cell index determined by a cell-substrate 

impedance monitoring system described herein is expected to be a proportionate measure 

of the cell number in the well since the cell morphology and average extent of cell 

adhesion to the electrode surfaces among the whole cell population do not exhibit 

significant changes over time. 

(00130) After measuring and recording time dependent impedance data for 

excitable cells cultured on electrodes, various methods can be used for determining 

beating cycle peaks. For example, time dependent impedance values or cell index values 

for a well are analyzed by deriving their first order derivatives and second order 

derivatives using numerical methods. The beating cycle peaks are those data points 

where the first order derivatives of impedance values or cell index values are zero or 

close to zero in its absolute value. If the beating cycle peak is a positive peak (i.e. peak 

corresponds to a maximum value in measured impedance or cell index over the beating 

cvcle ), then the peak would correspond to the data points where the second order 

derivatives of the impedance values or cell index values is negative and where the first 
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order derivatives of the impedance values or cell index values is zero or close to zero in 

its absolute value. If the beating cycle peak is a negative peak (i.e. peak corresponds to 

a minimum value in measured impedance or cell index over the beating cycle). then the 

peak would correspond to the data points where the second order derivatives of the 

impedance values or cell index values is positive and where the first order derivatives of 

the impedance values or cell index values is zero or close to zero in its absolute value. In 

another example. the method of determining a beating cycle peak is to search for the data 

point where the trend of the data changes direction from •'increasing" to ""decreasing" 

with time (for a positive peak). or from ··decreasing" to ""increasing" (for a negative 

peak). After the identification of the beating cycle peaks. the impedance or cell index 

values at such peak time points are the magnitude or amplitude of the beating cycle 

peaks. 

1001311 After determining the beating cycle peaks. various methods can be 

used to calculate the beating rate. The beating rate can be determined by dividing a unit 

time (e.g .. 1 minute) by the time period between two adjacent peaks. For example. if two 

adjacent peaks are separated by 500 milliseconds. then the beating rate for this 500 

milliseconds can be determined as 120 beats per minute. Another method is simply to 

count how many peaks in a unit time by software. For example. if there are 2 peaks in 

one second interval. then the beating rate should be 2 beats per second, or 120 beats per 

minute. 

D. Assessing or Quantifying Excitable Cells, Excitation Contraction­

Coupling and Cardiomyocytes In Vitro

(00132] In another aspect of the present invention a method for assessing or 

quantifying excitable cells in vitro is provided. The methods including detecting or 

monitoring excitable cells using impedance monitoring with millisecond time resolution. 

In preferred embodiments. the method includes providing the impedance based system

having millisecond time resolution system. adding excitable cells to one or more wells of 

the device. monitoring impedance of the one or more wells with millisecond time 
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resolution. and resolving individual cycles of the excitable cells. In some embodiments 

monitoring impedance further includes determining cell indices from impedance values, 

calculating average rate of excitation events per unit time (such as beats per unit time 

when using cardiomyocytes ), determining amplitude intensity or average amplitude 

intensity in a unit time, and/or determining the length of time between excitation cycles 

( or beating cycles). These additional determinations may be compared to further assess 

excitable cells. 

1001331 The methods have particular utility with cells that are known or 

suspected to be capable of or undergo excitation-contraction coupling. such as 

cardiomyocytes. Thus the methods may monitor. detect or determine excitation 

contraction-coupling of excitable cells. Further. even minor variations in excitation­

contraction coupling may be detected. 

100134] Preferably impedance measurements are performed with 

millisecond time resolution. In some embodiments. two consecutive impedance 

measurements are performed at less than 300 milliseconds apart. In further 

embodiments. at least two consecutive impedance measurements are performed less than 

100 seconds apart. In further embodiments. at least two consecutive impedance 

measurements are performed less than 40 milliseconds apart. In further embodiments. at 

least two consecutive impedance measurements are performed less than 10 milliseconds 

apart. In som embodiments at least two impedance measurements are between 1 

millisecond and 50 milliseconds apart. 

1001351 Cardiomyocytes are a subset of cells that are involved in 

excitation-contraction coupling. Embodiments of the present invention include 

applications for studying cardiomyocyte activity. function and its modulation. By 

monitoring the continuous rhythmic beating of cardiomyocytes. methods of the present 

invention allow the study of cardiomyocytes themselves as well as screening for 

pharmacological agents which may alter cardiomyocyte rhythmic beating. Thus the 

methods permit screening of compounds or conditions that affect cardiomyocyte function 

or induce cardiotoxicity. Specifically. methods may assess or quantify cardiomyocyte 

beating in vitro using impedance-based technology having millisecond time resolution. 
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In preferred embodiments. the methods are based on quantification in real time of the 

rhythmic changes in cardiomyocyte morphology as a result of the excitation contraction 

coupling of the electrically excitable cardiomyocytes growing on microelectrodes • 

surface in E-PLATES (ACEA Biosciences. Inc. San Diego. CA). Thus quantification of 

the rhythmic changes in cardiomyocyte morphology is achieved via the measurement of 

electrode impedance. which may be performed with millisecond time resolution. In 

summary. some methods provide a cellular cardio-gram, which can provide incisive 

information about the status of cardiomyocytes especially upon treatment with 

pharmacological agents. 

(00136) Cardiomyocytes used in the present invention may be any known 

or experimental cardiomyocyte population. Human cardiomyocytes will be particularly 

desirable when studying the effect of pharmological agents for human use; however. 

cardiomyocytes may also be murine or mouse. rat rabbit dog. and the like. Further. the 

cardiomyocytes may be primary cardiomyocytes isolated from cardiac tissue or may be 

cultured cardiomyocytes, which are cultured over time. In some embodiments, ES cells 

destined to differentiate into cardiomyocytes are used. Isolated primary cardiomyocytes 

as well as ES-derived cardiomyocytes retain the ability to beat in culture. Thus. these 

cells provide a desirable model system to study cardiomyocyte function in vitro. 

(00137) Cardiomyocytes have an innate ability to undergo 

mechanotransduction. In other words, the spontaneous force generated from the beating 

cardiomyocyte is translated to intracellular biochemical signals. Membrane receptors 

such as integrins. ion channels and other proteins have been shown to play a crucial role 

in cardiac mechanotransduction and lead to a continuous and rhythmic dynamics of the 

cardiac actin cytoskeleton and morphology. Because the impedance-based system can 

sensitively and precisely detect transient changes in morphology and adhesive capacity of 

the cells. it can be used to monitor cardiac function in vitro. Further, the development of 

millisecond time resolution permits impedance monitoring of the cardiomyocyte beating 

cycle as well as fluctuations, even minor alterations. in response to external stimuli. 

(00138) Exemplary steps involved in using an impedance-measurement 

system for measurement of cardiomyocte function include: providing a system for 
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monitoring impedance of excitable cells. in vitro. which is capable of millisecond time 

resolution. optionally coating wells of the device with either fibronectin or other matrix 

proteins; seeding either embryonic stem cells (ES cells) of mammalian origin or primary 

cardiomyocytes at sufficient seeding densities into the wells of the device; allowing the 

cells to attach and spread; after a period of time unique to ES-derived cardiomyocytes or 

primary cardiomyocytes, monitoring cardiomyocyte beating using the impedance­

monitoring system to monitor electrode impedance by using millisecond kinetic readout 

to resolve the individual beat cycles of the cells. 

100139) The millisecond kinetic readout requires the impedance 

measurement system be capable of obtaining impedance measurement data at millisecond 

time resolution. Preferably, the time difference between two consecutive impedance 

measurements for a well is within the range of milliseconds ( e.g., less than 300 

millisecond, less than 100 milliseconds. less than 50 milliseconds, less than 20 

milliseconds, less than 10 milliseconds. or less than or about 1 millisecond). Due to the 

fast nature of beating cycles of cells, millisecond kinetic readout is required for proper 

resolution. Thus, the time resolution for the impedance measurement should allow the 

system to perform measurement using at least two time points for each beat cycle. or at 

more than two points for each beating cycle. In some embodiments, three, four, five or 

even ten, or fifteen or twenty or more time points within each beating cycle are obtained. 

100140) Embodiments of the present invention include methods of 

assessing or quantifying cardiomyocytes include providing the system for monitoring 

impedance of excitable cells in vitro, which includes millisecond time resolution, adding 

cardiomyocytes to one or more wells, monitoring impedance of the one or more wells. 

such as using millisecond time resolution, and resolving excitation cycle or beating cycle 

of the cardiomyocytes In further embodiments. the method also includes determining 

cell indices from impedance values. optionally calculating average rate of beats per unit 

time, average amplitude intensity in a unit time as well as the average length of time 

between the beats. In preferred embodiments. millisecond time resolution permits 

measurement of at least two consecutive impedance measurements within a beating 

cycle. In some embodiments at least three consecutive impedance measurements are 

performed with millisecond time resolution. 
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(00141) Isolated primary cardiomyocytes as well as ES-derived 

cardiomyocytes retain the ability to beat in culture. These cells provide an excellent 

model system to study cardiomyocyte function in vitro, especially with regards to 

cardiotoxicity. A number of cardiotoxic drugs are known to affect certain heart channels, 

such as the ERG channels, that are involved in excitation-contraction coupling of 

cardiomyocytes. Cardiomyocytes have an innate ability to undergo mechanotransduction, 

that is that the spontaneous force generation of the beating cardiomyocyte is translated to 

intracellular biochemical signals. Membrane receptors such as integrins, ion channels and 

other proteins have been shown to play a crucial role in cardiac mechanotransduction and 

lead to a continuous and rhythmic dynamics of the cardiac actin cytoskeleton and 

morphology. Because the impedance-based system can sensitively and precisely detect 

transient changes in morphology and adhesive capacity of the cells, the it can be used to 

monitor cardiomyocyte beating in vitro. 

(00142) Another exemplary method for impedance based measurement of 

cardiomyocyte beating includes: providing a single-well or multi-well device that 

comprise microelectrode arrays in well(s) of the device, which can be used for 

monitoring cell-substrate impedance; optionally coating wells of the device with either 

fibronectin or other matrix proteins; seeding either embryonic stem cells (ES cells) of 

mammalian origin or primary cardiomyocytes at specific seeding densities to the wells of 

the device; allowing the cells to attach and spread; after a specified period of time unique 

to ES-derived cardiomyocytes or primary cardiomyocytes, monitoring cardiomyocyte 

beating using the impedance-monitoring system to monitor electrode impedance by using 

millisecond kinetic readout to resolve the individual beat cycles of the cells. 

(00143) In another exemplary embodiment for measurement of 

cardiomyocte function the method includes: optionally coating E-PLA TES with either 

fibronectin or other matrix proteins; seeding either ES cells of mammalian origin or 

primary cardiomyocytes at specific seeding densities; allowing the cells to attach and 

spread; after a specified period of time unique to ES-derived cardiomyocytes or primary 

cardiomyocytes, monitoring cardiomyocyte beating using an impedance-based system by 

using millisecond kinetic readout to resolve the individual beat cycles of the cells. 
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[00144) Dynamic monitoring of cardiomyocyte beating is based on 

quantification in real time of the rhythmic changes in cardiomyocyte morphology as a 

result of the excitation contraction coupling of the electrically excitable cardiomyocytes 

growing on microelectrodes' surface of E-PLA TES. The quantification of the rhythmic 

changes in cardiomyocyte morphology is achieved via the fast millisecond resolution 

and continuous measurement of electrode impedance. The method essentially provides a 

cellular cardio-gram which can provide incisive information about the status of 

cardiomyocytes especially upon treatment with pharmacological agents. An exemplary 

method includes providing a device for measuring cell-substrate impedance operably 

connected to an impedance analyzer, wherein the device includes at least one well 

optionally coated with fibronectin to expedite attachment; adding cells to the at least one 

welL where the cells can be mouse or human or other mammalian ES cells or adult stem 

cells destined to differentiate into cardiomyocytes or primary cardiomyocytes isolated 

directly from the heart of an experimental system including mice, rats, rabbits or dog; 

monitoring impedance of the at least one well at time intervals over a period of time and 

optionally determining cell indices from impedance values; optionally calculating 

average rate of beats per unit time, average amplitude intensity in a unit time as well as 

the average length of time between the beats. 

[00145) Certain cardiotoxic drugs can illicit their effect by affecting the 

morphological aspects of cardiomyocyte morphology. For example, it is well known that 

compounds such as �-2 adrenergic receptor agonists can induce morphological changes 

resulting in an elongated cardiomyocyte morphology. otherwise known as hypertrophy. 

Morphological changes can occur immediately in the order of minutes as with certain 

GPCR agonists or can be oflonger duration detectable over several days. The time 

resolution of the impedance-based system can be used to distinguish between different 

kinds of morphological effects. The steps involved in using an impedance-monitoring 

system for measurement of morphological modulation of cardiomyocytes may include: 

optionally coating E-PLA TES with either fibronectin or other matrix proteins; seeding 

either embryonic stem cells (ES cells) of mammalian origin. mammalian adult stem cell­

derived cardiomyocytes or primary cardiomyocytes isolated directly from mammalian 

heart tissue at specific seeding densities to the wells of the device; allowing the cells to 
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attach and spread; monitoring cardiomyocyte viability over time using the impedance­

monitoring system at prespecified intervals of time for 12, 24, 48, 72 hours or longer; at 

certain times after cell seeding, treat the cell with agents that may cause morphology 

changes at one or more concentration: using the vehicle that the agent is dissolved in as a 

control: continuing to monitoring the cardiomyocytes at 1 minute intervals for at least 1-2 

hours to capture any immediate morphological changes and continue to monitor at 30 

minutes intervals of time for additional 12, 24, 48, 72 hours or longer to detect long term 

morphological changes: and quantifying the extent of morphological change by 

normalizing the cell index values immediately prior to agent addition and determine the 

normalized cell index at a given time point after agent addition. The extent of 

morphological change can be expressed as EC-50 value which quantifies the activity of 

the agent with respect to the cardiomyocyte shape changes. 

(00146] Once regular cardiomyocyte beating can be effectively monitored 

compounds may be added to the wells to assess whether or not beating frequency is 

altered, beating amplitude is altered and the like. Thus, compounds that adversely affect 

the normal cardiomyocyte beating are suspected of being cardiotoxic. However, 

cardioprotective agents can also be assessed by adding an agent suspected of being 

cardioprotective to the well and inducing a cardiotoxic response. 

(00147] Accordingly, methods of identifying or screening for potential 

agents that modulate ES- derived cardiomyocyte beating or primary cardiomyocyte 

beating by monitoring and measuring the excitation-contraction coupling of 

cardiomyocytes upon treatment with pharmacological agents are also provided. The 

methods may include providing the system for monitoring impedance at millisecond 

resolution of excitable cells in vitro, adding ES cells or primary cardiomyocytes to two or 

more wells, adding a test agent suspected of modulating ES-derived or primary 

cardiomyocyte beating to a first well to provide a test well and either no agent or a 

control agent to a second well to form a control well, monitoring impedance of the two or 

more wells at different or similar time intervals using millisecond time resolution at least 

in part, and optionally determining cell indices from impedance values, generating an 

impedance-based curve or optionally a cell index curve for each of the test well and 

control well, and comparing the impedance-based curves or optionally the cell index 
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curves between the test well and the control well. If significantly different. the test agent 

is concluded to modulate cardiomyocyte function. In preferred embodiments, the 

impedance-based curves may be direct measurement of cardiomyocyte excitation­

contraction coupling; however, the methods may also include long term monitoring of the 

viability and or morphology of the cardiomyocytes. The methods may show whether the 

test agent increases cardiomyocyte beating, which is indicative of increased heart rate, or 

whether the cardiomyocyte beating is slowed, which is indicative of lowered heart rate. 

100148) In another exemplary embodiment a method for screening for 

modulators of cardiomyocyte beating using an impedance-measurement system in vitro 

may include: providing a single-well or multi-well device that comprise microelectrode 

arrays in well(s) of the device, which can be used for monitoring cell-substrate 

impedance; optionally coating wells of the device with either fibronectin or other matrix 

proteins: seeding either embryonic stem cells (ES cells) of mammalian origin, 

mammalian adult stem cell-derived cardiomyocytes or primary cardiomyocytes at 

specific seeding densities to the wells of the device: allowing the cells to attach and 

spread: after a specified period of time unique to ES-derived cardiomyocytes or primary 

cardiomyocytes, monitoring cardiomyocyte beating using the impedance-monitoring 

system to monitor electrode impedance by using millisecond kinetic readout to resolve 

the individual beat cycles of the cells; and adding the pharmacological agents at one or 

more doses and continue monitoring the cardiomyocyte beating frequency. Preferably, 

the step of monitoring impedance of beating is performed immediately prior to addition 

of pharmacological agent, in order to obtain a baseline of the cardiomyocyte beating 

frequency using fast measurement software and hardware to ensure milli-second kinectic 

readout signals. 

(00149] In another exemplary embodiment. a method of screening for 

modulators of cardiomyocyte beating using an impedance-based system in vitro includes 

seeding cardiomyocytes, in E-PLA TES exactly as described in the previous exemplary 

embodiment; however, prior to addition of pharmacological agent, obtaining a baseline of 

the cardiomyocyte beating frequency using the impedance measurement system with 

millisecond time resolution; and adding the pharmacological agents at one or more doses 

and continue monitoring the cardiomyocyte beating frequency. 
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[00150] It is well established that certain pharmacological treatments and 

disease conditions can result in cardiac hypertrophy or atrophy culminating in changes in 

the morphology of cardiomyocyte. Cell substrate impedance can be used to precisely 

measure and quantify these changes in cell morphology and shape. Certain treatments can 

also affect the differentiative process of ES cells to cardiomyocytes which may involve 

specific morphological and adhesive changes. In some embodiments the present 

invention is directed to a method to screen for potential agents that may modulate the 

morphology of ES- derived cardiomyocyte. adult stem cell-derived cardiomyocyte or 

primary cardiomyocyte or its differentiation. The agent may include but is not limited to 

compounds. drugs. peptides, proteins. antibodies. siRNA. shRNA. miRNA, cDNA. lipids 

and any combination thereof. The method includes providing a device for measuring cell­

substrate impedance operably connected to an impedance analyzer, wherein the device 

includes at least two wells: adding ES cells. adult stem-cell derived cardiomyocytes or 

primary cardiomyocytes to at least two wells: monitoring impedance of the at least two 

wells at different or similar time intervals over a period of time and optionally 

determining cell indices from impedance values: generating an impedance-based curve or 

optionally a cell index curve for each of the at least one known factor and the control: 

comparing the impedance-based curves or optionally the cell index curves between the at 

least one known biologically active agent well and the control well: the impedance-based 

curves could be direct measurement of changes in cell morphology and if significantly 

different. concluding that the biologically active agent modulates cardiomyocyte 

function. Optionally, impedance-based curves or optionally cell index curves are used to 

calculate the compound dose-dependent changes in cardiomyocyte morphology and 

generate an EC-50 value for the potency of the compound. 

100151 I The method of the present invention is to devise a label-free cell-

based assay system for continuous monitoring of cardiomyocyte viability, the rhythmic 

beating of cardiomyocytes and cardiomyocyte morphology and differentiation and to 

screen for pharmacological agents which may modulate these processes and induce 

cardiotoxicity. In some embodiments. viability is monitored based on long term 

impedance monitoring of cardiomyocytes seeded in microelectronic plates (E-Plates). 

Viable cells will continue to generate impedance signal and any changes in viability, 
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especially due to cytotoxic or cardiotoxic drugs will be reflected by changes in 

impedance. In one respect. the method includes providing a device for measuring cell­

substrate impedance operably connected to an impedance analyzer, wherein the device 

includes at least one well optionally coated with fibronectin to expedite attachment; 

adding cells to the at least one well. where the cells can be mouse or human or other 

mammalian ES cells or adult stem cells destined to differentiate into cardiomyocytes or 

primary cardiomyocytes isolated directly from the heart of an experimental system 

including mice, rats, rabbits or dog; monitoring impedance of the at least one well over a 

period of time and optionally determining cell index from impedance values; In another 

aspect. the method includes providing a device for measuring cell-substrate impedance 

operably connected to an impedance analyzer, wherein the device includes at least two 

wells optionally coated with fibronectin to expedite attachment; adding cells to the at 

least two wells, where the cells can be mouse or human or other mammalian ES cells or 

adult stem cells destined to differentiate into cardiomyocytes or primary cardiomyocytes 

isolated directly from the heart of an experimental system including mice, rats, rabbits or 

dog; monitoring impedance of the at least two wells over a period of time and optionally 

determining cell index from impedance values. Treating at least one well with an agent; 

where the agent could include but is not limited to a compound, peptide, protein, 

antibody, siRNA, shRNA, lipid or any combination of thereof and the other well is 

treated with an appropriate control; continue monitoring of control and treated well over 

a period of time preoptimized for the experiment of interest; concluding that the factor 

may affect cell viability if the impedance or alternatively the cell index of the treated well 

is significantly different than the impedance or cell index of the treated well. 

(00152) In other preferred embodiments short term measurement using 

millisecond time resolution is combined with longer term impedance monitoring, such as 

over seconds, hours, days and the like. Certain cardiotoxic drugs can directly affect the 

viability of cardiomyocytes. Thus, long term impedance monitoring may be used to 

assess loss of viability of cardiomyocytes. An exemplary long term method to assess loss 

of viability includes: optionally coating E-PLATES with either fibronectin or other 

matrix proteins; seeding either embryonic stem cells (ES cells) of mammalian origin , 

mammalian adult stem cell-derived cardiomyocytes or primary cardiomyocytes isolated 
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directly from mammalian heart tissue at seeding densities to the wells of the device; 

allowing the cells to attach and spread: monitoring cardiomyocyte viability over time 

using the impedance-monitoring system to monitor electrode impedance at pre-specified 

intervals of time for specified length of time such as 12, 24, 37, 48, 72 hours or longer: at 

certain time after cell seeding, treating the cell with a cytotoxic agent at one or more 

concentration; using the vehicle that the agent is dissolved in as a control; continue 

monitoring the cardiomyocytes at pre-specified intervals of time for specified length of 

time such as additional 12, 24, 48, 72 hours or longer, quantify the extent of 

cardiotoxicity by normalizing the cell index values immediately prior to agent addition 

and determining the normalized cell index at a given time point after agent addition: 

alternatively the rate of cytotoxicity can also be quantified for a given time period after 

compound addition for a given agent concentration or a group of concentrations. The 

extent of cytotoxicity can be expressed as IC-50 value which quantifies the activity of the 

agent with respect to the cardiomyocytes. 

(00153) In another aspect of the present invention, direct optical monitoring 

of cardiomyocytes is used to quantify and measure the beating of cardiomyocytes. The 

method includes providing a device for optically monitoring cells and monitoring cell 

morphology operably connected to an optical measurement system, where the device 

includes at least two wells optionally coated with fibronectin to expedite attachment; 

adding cells to the at least two wells, where the cells can be mouse or human or other 

mammalian ES cells destined to differentiate into cardiomyocytes or primary 

cardiomyocytes isolated directly from the heart of an experimental system including 

mice, rats, rabbits or dog; optically monitoring the cells of at least two wells at time 

intervals over a period of time via the optical measurement system; optionally calculating 

average rate of beats per unit time, average amplitude intensity in a unit time as well as 

the average length of time between the beats. The device for such optical measurement 

of cells may include microtiter plates. The optical system may include optical 

magnification instrument such as microscope, optical CCD camera, optical-signal 

processing algorithm to quantify cell beating and to derive cell-beating parameters (such 

as calculating average rate of beats per unit time. average amplitude intensity in a unit 
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time as well as the average length of time between the beats) based on cell morphology 

images. 

(00154] On skilled in the art will recognize that any agent may be tested. 

The agent may be a biologically active agent. Exemplary test agents include compounds, 

drugs, peptides, proteins, antibodies, antibody fragments, siRNA, shRNA, miRNA, 

cDNA, lipids and any combination thereof. Optionally, impedance-based curves or 

optionally cell index curves are used to calculate average rate of beats of cardiomyocytes 

per unit time, average amplitude intensity in a unit time as well as the average length of 

time between beats, comparison of these optionally derived parameters is made between 

the test well and the control well, and if significant differences exist, one may optionally 

conclude that the test agent modulates cardiomyocyte functions. 

(00155] The study of cardiomyocyte function and modulation has particular 

utility in the biomedical arts. For example, the methods of the present invention may be 

used to assess whether a potential agent is cardiotoxic, cardioprotective and the like. If 

normal cardiomyocyte beating is altered, the result likely demonstrates the potential agent 

is cardiotoxic. Such information would permit effective screening prior to testing in live 

animals or in humans. Further, by coupling millisecond time resolution over extended 

time periods, the methods may assess short term and long term effects on 

cardiomyocytes. Since it is well established that certain pharmacological treatments and 

disease conditions can result in cardiac hypertrophy or atrophy culminating in changes in 

the morphology of cardiomyocyte, the systems and methods are able to precisely measure 

and quantify these changes in cell morphology and shape. Thus the methods and systems 

have particular utility in the areas of biomedical research. 

[00156] In some embodiments, potential agents are tested to assess whether 

they are cardioprotective, or protect against adverse affects. In such embodiments the 

agent suspected of being cardioprotective is added to the cardiomyocytes prior to, 

simultaneously or after adding a cardiotoxic agent or a cardiotoxic event. Thus, a 

cardioprotective agent may prevent abnormal shifts in beating cycle, which would 

naturally occur in the presence of a cardiotoxic agent. In further embodiments, 

cardiomyocytes having abnormal beating cycles are treated with potential agents to 
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assess whether normal beating may be induced. such as through administration of a 

cardioprotective pharmacological agent. 

[00157) Certain treatments can also affect the differentiative process of ES 

cells to cardiomyocytes which may involve specific morphological and adhesive changes. 

In another aspect of the present invention a method is provide to screen or potential 

agents that may modulate the morphology of ES- derived cardiomyocyte. adult stem 

cell-derived cardiomyocyte or primary cardiomyocyte or its differentiation. 

[00158) Impedance-based curves and optionally cell index curves may be 

used to calculate average rate of beats per unit time. average amplitude intensity in a unit 

time as well as the average length of time between the beats. Significant difference 

between measurements or data of a test well and a control well support a finding that the 

biologically active agent within the test well modulates cardiomyocyte function. 

E. Assessing the Developmental or Functional Consequence of Gene

Knockout and Transgene Expression in Embryonic Stem Cell-Derived

Cardiomyocytes

[00159) Embodiments of the present invention also include assessing the 

developmental consequence of genetically manipulated ES cells or their derived 

cardiomyocytes. ES cells offer a suitable experimental model system that is amenable to 

genetic manipulation. Therefore. specific genes can be targeted in knockout experiment 

as well as genes can be expressed in a developmental or stage specific manner under the 

control of special promoters. The impedance-based measurement system with 

millisecond time resolution can be used to evaluate the role of these genes in cardiac 

development and or function. 

[00160) Steps involved in assessing the developmental and functional 

effect of gene knockout or transgene expression may include: obtaining ES cells 

harboring specific knockout of genes or which expresses a particular transgene; provide 

the system for monitoring impedance of excitable cells having millisecond time 
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resolution; optionally coating wells of the device with either fibronectin or other matrix 

proteins; seeding the embryonic stem cells (ES cells) of mammalian origin at desired 

seeding densities into the wells of the device; allowing the cells to attach and spread; 

after a time period unique to ES-derived cardiomyocytes or primary cardiomyocytes, and 

monitoring cardiomyocyte beating using the impedance-monitoring system using 

millisecond kinetic readout to resolve the individual beat cycles of the cells. If a 

particular gene is required for development of cardiomyocytes from ES cells, it is likely 

that the knockout of that gene will either block or delay the differentiation of ES cells to 

cardiomyocytes. Since the impedance-based measurement system is capable of functional 

monitoring of cardiomyocyte, it can be used as a specific way to monitor the effect of 

either gene knockout or transgene expression on cardiomyocyte function. In alternative 

embodiments, the ES cells can be transfected with specific siRNA to ""knockdown" the 

product of a particular transcript and then monitor cardiomyocyte differentiation and 

function in vitro using the impedance-based measurement system with millisecond time 

resolution. 

100161 I In other exemplary embodiments an impedance-based 

measurement system is used to evaluate the role of genes in cardiac viability, 

morphology, development and or beating function. The steps involved in assessing the 

developmental and functional effect of gene knockout or transgene expression may 

include: obtaining ES cells harboring specific knockout of genes or which expresses a 

particular transgcne: providing a single-well or multi-well device that comprise 

microelectrode arrays in well(s) of the device, which can be used for monitoring cell­

substrate impedance; optionally coat wells of the device with either fibronectin or other 

matrix proteins; seeding the embryonic stem cells (ES cells) of mammalian origin or 

adult stem cells of mammalian origin at specific seeding densities to the wells of the 

device; allowing the cells to attach and spread and monitor the growth and viability of the 

cells using the impedance-based system; after a specified period of time unique to ES­

derived cardiomyocytes or primary cardiomyocytes, monitoring cardiomyocyte beating 

using the impedance-monitoring system to monitor electrode impedance by using milli­

second kinetic readout to resolve the individual beat cycles of the cells. If a particular 

gene is required for development of cardiomyocytes from ES cells, it is likely that the 
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knockout of that gene will either affect the viability of the cells or block or delay the 

differentiation of ES cells to cardiomyocytes. Since the impedance-based measurement 

system is capable of functional monitoring of cardiomyocyte both in long term assays 

and short term assays, it can be used as a specific way to monitor the effect of either gene 

knockout or transgene expression on cardiomyocyte function. In related embodiments, 

the ES cells can be transfected with specific siRNA to ··knockdown'' the product of a 

particular transcript and then monitor cardiomyocyte viability. differentiation and 

function in vitro using the impedance-based measurement system. 

[00162) In another exemplary embodiment. steps involved in assessing the 

developmental and functional effect of gene knockout or transgene expression using an 

impedance-based system in vitro are provided. which include: obtaining ES cells 

harboring specific knockout of genes or which expresses a particular transgene; 

optionally coating E-PLA TES with either fibronectin or other matrix proteins; seeding 

either ES cells of mammalian origin or primary cardiomyocytes at specific seeding 

densities; allowing the cells to attach and spread: and after a specified period of time 

unique to ES-derived cardiomyocytes or primary cardiomyocytes, monitoring 

cardiomyocyte beating using the impedance-based system by using millisecond kinetic 

readout to resolve the individual beat cycles of the cells. If a particular gene is required 

for development of cardiomyocytes from ES cells. it is likely that the knockout of that 

gene will either block or delay the differentiation of ES cells to cardiomyocytes. Since 

the impedance-based system is capable of functional monitoring of cardiomyocyte. it can 

be used as a specific way to monitor the effect of either gene knockout or transgene 

expression on cardiomyocyte function. Alternatively. the ES cells can be transfected with 

specific siRNA to "knockdown'' the product of a particular transcript and then monitor 

cardiomyocyte differentiation and function in vitro using the impedance-based system. 

1001631 In another aspect, the present invention is directed to method to 

establish an assay to assess the effect of gene knockout or transgene expression in ES 

cells differentiated to cardiomyocytes and functionally monitored by the impedance­

based system. The method includes providing a device for measuring cell-substrate 

impedance operably connected to an impedance analyzer, wherein the device includes at 

least two wells; adding wildtype ES cells as control to at least 1 well and ES cells with a 
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gene knockout or a transgene in at least 1 other well; monitoring impedance of the at least 

two wells at time intervals over a period of time and optionally determining cell indices 

from impedance values; comparing the impedance-based curves or optionally the cell 

index curves between the control well and the well containing the ES cells harboring a 

knockout of a specific gene or expressing a specific transgene; and if significantly 

different, concluding that the gene knockout or the transgene can affect either 

cardiomyocyte viability, morphology from ES cells or cardiomyocyte function as 

monitored by observing the excitation-contraction coupling. 

[00164] As above, in preferred embodiments, the time difference between 

two consecutive impedance measurement for a well is in the range of milliseconds ( e.g., 

less than 500 milliseconds, less than 300 milliseconds, less than I 00 milliseconds, less 

than IO milliseconds, or less than about 1 millisecond or faster). The millisecond 

kinetic readout is required to resolve the individual beat cycles of the cells. Thus, the 

time resolution for the impedance measurement should allow the system to perform 

measurement using at least two time points for each beat cycle. In some embodiments 

more than two time points are resolved for each beating cycle. 

EXAMPLES 

Example 1 

Impedance Monitoring of Attachment. Growth and Viability of Mouse ES Cell-Derived 

Cardiomyocytes 

[00165] Since isolated primary cardiomyocytes, ES-derived 

cardiomyocytes and adult stem cell-derived cardiomyocytes can be maintained in culture, 

these cells provide a desirable model system to study cardiomyocytes as well as 

cardiomyocyte modulation. The present example demonstrates the use of the ACEA RT­

CES system to measure and monitor the attachment, growth and viability of mouse ES­

derived cardiomyocytes which were seeded at different seeding densities. 
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[00166) Mouse ES cells were seeded at a density ranging from 3000 cells 

to 50,000 cells per well in E-PLA TES (Acea Biosciences, San Diego, CA) precoated with 

fibronectin. The attachment, growth and viability of the cells were monitored on RT-CES 

system measuring impedance signal in the form of cell index every 30 minute for 48 

hours. At about 48 hrs after cell seeding. the growth of the cells had ceased and the 

appearance of beating cardiomyocytes were evident as judged by looking at the cells 

inside the E-PLATE under the microscope. 

(00167) FIG. 3 shows the cell index curves measured on RT-CES system 

for 4 different seeding densities (3 750. 7500. 15.000 and 30,000 cells per well) of mouse 

ES-derived cardiomyocytes. For such long term measurement, cell electrode impedance 

and corresponding cell indices were measured at about 15 minute intervals. Based on the 

cell index growth and viability curves. it is evident that the extent of the impedance signal 

correlates well with the seeding density of viable ES-derived cardiomyocytes. 

Example 2 

Detection of Cardiotoxic Effects Using Real Tim Impedance Monitoring 

(00168) As an example, we describe here the use of the ACEA RT-CES 

system to measure and monitor the attachment and growth of of mouse ES cells derived 

cardiomyocytes and subsequently treated with a cytotoxic agent (FIG. 4). 

[00169) Mouse ES-derived cardiomyocytes were seeded at a density of 

25.000 cells per well in E-PLATES precoated with fibronectin. The attachment and 

growth of cells were monitored on RT-CES system for 72 hours and then treated with 

increasing doses of the compound of sodium di chromate dehydrate which is known to 

induce cytotoxicity. According to FIG. 4A the plot of normalized cell index for cells in 

different wells treated with different concentrations of sodium dichromate dehydrate 

(SDD), SDD causes a concentration dependent decrease in viability of ES-derived 

cardiomyocytes. To quantify the extent of sodium dichromate dehydrate activity against 

the cardiomyocytes, the normalized cell indices at 24 hrs after compound treatment were 
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plotted against the log of the corresponding sodium dichromate dehydrate concentrations. 

From the sigmoidal curve, shown in FIG. 4B, half maximal activity or IC-50 value of 

1.48 uM was derived for the compound. 

Example 3 

Real time Monitoring of Mouse ES Cell-Derived Cardiomyocytes and 

Inducing Hypertrophy 

(00170) As an example, we describe here the use of the ACEA RT-CES 

system to measure and monitor the attachment and growth of mouse ES cells derived 

cardiomyocytes and subsequently treated with isoproteranoL a �2 adrenergic receptor 

agonist known to induce hypertrophy (FIG. SA). 

(001711 Mouse ES-derived cardiomyocytes were seeded at a density of 

25,000 cells per well in E-PLA TES precoated with fibronectin. The attachment and 

growth of the cells were monitored on R T-CES system for 72 hours and then treated with 

increasing doses of the compound isoproteranol. According to FIG. SA, isoproteranol 

causes a concentration dependent change in cell index readings. The timing of the cell 

index change is consistent with a change in the morphology of the cells which we have 

shown previously for other GPCR agonists in primary cells (Yu et al (2006): Real-time 

monitoring of morphological changes in living cells by electronic cell sensor arrays: an 

approach to study G protein-coupled receptors; Analytical Chemistry, Vol 78, pages 35-

43 ). To quantify the extent of isoproteranol-induced morphological changes in mouse 

ES-derived cardiomyocytes, the normalized cell indices were plotted against the log of 

the corresponding isoproteranol concentrations (FIG. SB). From the sigmoidal curve 

generated a half maximal activity or IC-50 value of 3.1 nM was derived for the 

compound. 
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Example 4 

Real Time Impedance Monitoring with Millisecond Resolution of Beating 

Cardiomyocytes 

(00172] As an example, we describe here the use of an improved 

impedance-based system with millisecond time resolution to measure and monitor the 

beating of cardiomocytes using fast kinetic software. 

(00173] Mouse ES cells were seeded at a density of between 3,000 to 

50,000 cells per well in E-PLA TES precoated with fibronectin. The attachment and 

growth of the cells were monitored on RT-CES system. FIG. 6 shows the cell index 

curves measured on RT-CES system for 4 individual wells, with cell culture medium as 

background starting from cell seeding to about 86 hrs after cell seeding. For such long 

term measurement, cell electrode impedance and corresponding cell indices were 

measured at about 15 minute intervals. As evidenced on these plots, the cell index curves 

were rather smooth up to about 44-48 hrs, after which there were "'noises" or ··small­

spikes" on the cell index curves. Such spikes were most evident after about 60 hrs. We 

now understand the origins of such "small-spikes'' and interpret that such spikes in the 

impedance or cell index readout are associated with the beating of the cells. During the 

synchronized beating of the cells, the cell morphology and cell adhesion/attachment to 

the electrodes change regularly in synchrony with the cell beating. Such regular or 

periodic changes in cell morphology and cell adhesion/attachment are then reflected in 

the changes in cell-electrode or cell-substrate impedances. 

[00174] In order to monitor beating of cardiomyocytes, a specially 

designed software and measurement circuit hardware that are capable of millisecond 

impedance data acquisition (e.g., typically with time resolution between consecutive 

impedance measurement for a same well being less than 40 milliseconds) was used to 

monitor the quick rhythmic beating of the cardiomyocytes. For such measurement, the 

background electrode impedance is measured with the cells inside the wells (note, this is 

in contrast with FIGS. 3 and 6, where the background measurement is performed using 

cell culture media). The software was used to measure cardiomyocyte beating at distinct 
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stages throughout its attachment and growth phases (FIG. 7). For a baseline reference, 

the impedance measurement was done on the ES cells at 24 hours where the cells had not 

fully spread and formed a tight mono layer and even though the cells appear to beat when 

visualized under a microscope, they do so asynchronously and as a result no net beating 

signal is detected (FIG. 7 A). For plot, impedance readout has been converted into 

dimensionless cell indices. FIGS. 7B and 7C shows that ES cells that had fully spread 

and formed tight junctions with neighboring cells at 48 hours and 72 hours respectively. 

show regular impedance-spikes which correlate with the beating frequency of 

cardiomyocytes as judged by microscopic observation 

[00175] To use the measured cell index curves. it is important to further 

derive various physiologically relevant parameters. Several important parameters may 

include, the beating rate of the cardiomyocytes (i.e .. how many times the cells beat within 

a unit of time for example, a minute). the beating amplitude (i.e. the magnitude of the 

beating of cells in terms of impedance change) the average amplitude intensity in a unit 

time as well as the average length of time between the beats. time of rise for a beat, time 

of decay for a beat. Because of the unique and complex nature of the impedance readout 

signals (smaller signal amplitude, sampling time resolution may be limited by the 

hardware and the software used), appropriate methods or techniques are required for 

analyzing cell index curves to derive the above mentioned parameters. 

(00176] For deriving the beating rates of cardiomyocytes, one method may 

be by counting how many peaks there are within a given time frame (for example, one 

minute). For this approach to work, the sampling time resolution has to be sufficiently 

high so that the each beat of the cells does show a peak on the recorded cell index curves. 

In addition, determining a peak ··automatically'' also require some algorithm. For 

example, each peak would have to have one '"rise'' in cell index and also one '·decay" in 

cell decay. Each "rise"-and-"decay" pair forms a single peak. The algorithm needs to 

determine such "rise" and "decay" portions of the curves and then counts a peak. 

[00177] Another method to derive or count the beating rates of 

cardiomyocytes is to perform a detailed signal analysis to derive the frequency 

components of the cell index curves and to derive the magnitude of each frequency 
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components. One method of signal analysis is Fourier transform of the cell index curve 

( of the time domain). Like above method, the sampling time-resolution needs to be 

sufficiently high so that each beat of the cells has at least three time points being 

measured. After performing Fourier transform, we would look for the frequency 

components having the largest magnitude and such frequency would correspond to, or be 

very close to, the beating frequency. In addition, for such analysis, giving a fixed 

sampling time resolution, the more time points sampled for analysis, the more accurate it 

is for the analyzed beating frequency. FIG. 8A and FIG. 88 shows a pair of cell index 

curves and the corresponding beat rate based the above described Fourier transform. In 

FIG. 88, the cell index curves last from time zero to time 42 seconds. In FIG. 88, the 

beating frequency for the traces in FIG. 8A is analyzed using the method described here, 

i.e., Fourier transform followed by picking up the highest-magnitude frequency

component. For each derived frequency data at one time moment in FIG. 88, cell index 

data from multiple time points (starting from previous 98 time points plus the time 

moment of interest) is used for analysis. Thus, the time axis in FIG. 88 starts from 

about 20 seconds to 42 seconds. 

(00178) Another method deriving the beating rates of cardiomyocytes is to 

first determine the time length (� T in seconds) between two consecutive peaks and then 

calculate the beating rate according to the formula of ··beats per minute =60/ � T". Thus 

for each two-consecutive peaks, one can calculate one beating rate. Furthermore, one 

can plot this beating rate as a function of the time (of the first of the two consecutive 

peaks) to obtain the time dependency of the beating rates. FIG. 9A shows an example 

of the time-dependent beat rates derived using this method, for mouse ES-derived 

cardiomycoytes treated with compound sotalol at a concentration of 4.4 uM. 

Corresponding cell index data is shown in FIGS. 9C and 9D, where the time resolution 

between two adjacent points is 40 milliseconds. In other words, a second in FIGS. 9C 

and 9D is equivalent to 40-milliseconds. 

[00179] For deriving the amplitude of the beating of the cardiomyocytes, 

there may also be different methods. One method is to analyze each peak and finding the 

peak maximum and the peak minimum. The amplitude is calculated by subtracting peak 

maximum by the peak minimum. Then, one can plot the peak amplitude as a function of 
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the time of the peak to obtain the time dependency of the peak amplitude. FIG. 9B 

shows an example of the time-dependent peak amplitudes derived using this method, for 

mouse ES-derived cardiomycoytes treated with compound sotalol at a concentration of 

4.4 uM. Another approach may also be to use Fourier transform described above. Then 

based on derived Fourier coefficients, one can re-simulate time domain cell index curves 

and look for the peak magnitude from the simulated curves. 

[00180] For deriving the averaged length of time between the beats, there 

may also be different methods. For each identified peak, one can first determine a 

starting point of the peak. Then the time difference between two consecutive peaks at the 

two starting points of the peak can be used for the length of time between the beats. 

[00181] With the method of determining each peak, one can also calculate 

the time-of-rise of the peak and the time-decay-of the peak. 

Example 5 

Identifying Modulators of Cardiac Function Using Real Time Impedance Monitoring 

with Millisecond Resolution 

[00182] Similar to Example 4, the millisecond kinetic readout requires that 

the impedance measurement system can provide impedance measurement data at 

millisecond time resolution. In other words, the time difference between two 

consecutive impedance measurement for a well shall be in the range of milliseconds ( e.g., 

less than 500 millisecond, less than 300 millisecond, less than 100 millisecond, less than 

10 millisecond, or less than 1 millisecond or faster). The millisecond kinetic readout is 

required to resolve the individual beat cycles of the cells. Thus, the time resolution for 

the impedance measurement should allow the system to perform measurement at least 

two time points for each beat cycle, or at more than two points for each beat cycle. 

[00183] In order to demonstrate the utility of the millisecond kinetic 

impedance-measurements, we first used two pharmacological agents, one known to 

suppress the heart rate and consequently cardiomyocyte beating and the other known to 
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increase the heart rate and consequently the rate of cardiomyocyte beating. As Mouse ES 

cells were seeded in FN-coated E-PLATES and monitored for about 72 hours when the 

cells differentiated into beating cardiomyocytes. as described in Section 4. A baseline of 

the cardiomyocyte was taken for approximately 40 seconds using the specially designed 

fast kinetic data acquisition hardware and software which is capable of millisecond data 

acquisition and display. An agonist of muscarinic receptors. carbachol, which is known to 

slow down the heart rate was added to one well at a final concentration of 333 nM and 

cardiomyocyte beating was monitored for 10 minutes (FIG. lOA). The data clearly 

shows that carbachol significantly slows down the rate of cardiomyocyte beating from~ 

80 beats/min prior to carbachol addition to~ 60 beats/min after carbachol addition (Table 

I). Alternatively, addition of isoproteranol at a final concentration of 4.4 uM 

significantly increased the rate of cardiomyocyte beating from ~ 65 beats/min to 115-135 

beats/min (FIG. 10B and Table I). These data clearly show that the readout system and 

the fast kinetic software are sufficiently robust and sensitive to detect these changes in 

rate of cardiomyocyte beating even at very low compound concentrations. Similar to the 

cell index plot shown in FIGS. 9C and 9D, the time resolution between two adjacent 

points in FIGS. lOA and 10B is 40 milliseconds. In other words. a second in FIGS. lOA 

and 10B is equivalent to 40 millisecond. 

Table I . 
Concentration Beat 

Compound Mechanism Rate Amplitude Pattern Chanae 

333 nM From~ 
Muscarnic receptor 80 to~ From 0.07 Beating rate 

Carbachol aqonist 60 to 0.06 decreased 

4.4 uM From~ 
b2 Adrenergic 65 to From 0.19 Beating rate 

lsooroteranol receptor aqonist 115-136 to 0.16 increased 

100184] To further demonstrate the capabilities of the improved 

impedance-based monitoring of cardiomyocyte beating in detecting drugs which may 

adversely affect heart function, a number of drugs which have been pulled out of the 

market due to cardiotoxic side effects such as ERG channel inhibition and QT elongation 

were compiled and tested in a dose-dependent manner. The list of these compounds, their 
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mechanism and adverse side affects are shown in Table II. For these tests, mouse ES 

derived cardiomyocytes were seeded at a final density of 25,000 cells in ACEA E-Plates 

and continually monitored by the RT-CES system. Approximately, 72 hours after cell 

seeding the improved. impedance-measurement system with millisecond time resolution 

was used to establish a baseline reading of cardiomyocyte beating for each well for about 

40 seconds. Subsequently, the cells in each well were treated with the indicated drug and 

dose shown in FIG. 11. Similar to the cell index plot shown in FIGS. 9C and 9D, the 

time resolution between two adjacent points in all the figures in FIG. 9 is 40 

milliseconds. In other words, a second in FIG. 9 is equivalent to 40-milliseconds. 

100185) Table II shows a summary of the results, clearly demonstrating 

that compounds which have been shown to affect ERG channels do affect various aspects 

of cardiomyocyte beating and function such as frequency of beating, magnitude of 

beating. Furthermore, as shown in FIG. 12 some of these compounds can lead to 

qualitatively different or similar patterns. For example. the compounds E4031, 

Astezimole and dofetilide which are ERG channel inhibitors do contain patterns with 

similar features. In summary these results clearly indicate that using the impedance­

measurement system with millisecond time resolution do lead to a sensitive and robust 

readout for cardiomyocyte beating that can also detect drugs which are known to be 

cardiotoxic. Similar to the cell index plot shown in FIGS. 9C and 9D, the time 

resolution between two adjacent points in all the figures in FIG. 10 is 40 milliseconds. In 

other words, a second in a figure in FIG. 10 is equivalent to 40-millisecond. 
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Table II. 

Compound Mechanism 

Astemizole anti-histamine 

lerfenadine anti -histamine 

Erythromycin anti-biotic 

Moxitloxacin anti-biotic 

l'entamidinc anti-infective 

Serotonergic 
Amitriptvline Inhibitor 

Ca channel 
Vcrpamil blocker 

Rosglitazonc PPAR agonist 

Dotitlitc 

Rofccoxib COX-2 Inhibitor 

Rofccoxib COX-2 Inhibitor 

Celecoxib COX-2 Inhibitor 

Doxirubicin A nth racy cl i ne 

Calcineurin 
Cvclosporin A inhibitor 

!l2-adrenergic
receptor

Propalanol antagonist

Sotalol 

K channel 
E4031 inhibitor 

DDT Pesticide 

PCB Organic toxicant 

Endosulfan insecticide 

Concentration 

400 nM 

200 nM 

13.3 uM 

20 uM 

20 uM 

4.4 uM 

130 nM 

13.3 uM 

500 nM 

13.3 uM 

40 uM 

4.4 uM 

40 uM 

13.3 uM 

4.4 uM 

13.3 uM 

120 nM 

8uM 

8uM 

8uM 

Beat Rate 

0 

0 

From - 60 to 
- 80

From - 80 
to -73 

From 71-78 
to -71 

From -70 
to - 90 

From - 65 
to 0 

From -79 to 
- 75

From -80 to 
- 180 

From - 68 
to - 60 

From - 62 
to - 60 
From - 60 

to (-20 - -
50) 

- 70

From -70 to 
- 80

From -70 to 
over 150 

From - 80 to 
- 160

From 80 to 
160 
From 80 to 
140, then to 
- 80

From - 65 to 
0 

From - 75 to 
0 

68 

Amplitude Pattern Change 

From 68- 72 bpm to 
irregular being to beating 

<0.01 stoooed 

From 71-78 bpm to 
irregular beating to beating 

<0.01 stopped 

0.09 to 
0.07 No pattern chanqe 

From 
0.055 to 
0.060 No pattern chanqe 

From 
0.24 to 
0.21 No pattern change 

From 0.22 
to 0.17 No pattern chanqe 

From 0.13 From - 65 bpm to only 
to 0.06 occasional sinqle beating. 

From 0.22 
to 0.17 No pattern change 

From 0.09 Pattern changed, much 
to 0.02 faster 

From 0.2 
to 0.19 No pattern change 

Pattern change, no beating 
From 0.16 after initial treatment, then 

to 0.10 recovers 

From -0.2 
to -0.12 Pattern change 

No pattern change 
(initially). Beating pattern 

- 0.16 changes after 2 hrs . 

From 0.18 
to 0.15 No pattern chanqe 

From 0.25 Pattern changed, much 
to 0.025 faster and irreqular 

From 0.27 Much faster, pattern 
to 0.07 changed 

From 0.09 Pattern changed, much 
to 0.03 faster 

From 0.25 Initially become faster, later 
to 0.02 irregular beating 

From 0.2 Beating stopped 
to 0 

From 0.2 Beating stopped 
to 0 
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(00186] To further demonstrate the capabilities of the fast impedance-

measurement-system-based monitoring of cardiomyocyte beating in detecting drugs 

which may adversely affect heart function, compounds at different concentrations were 

tested to demonstrate the dose-dependent effects of these compounds on cardiomyocytes. 

Approximately, 72 hours after cell seeding the impedance-measurement system with 

millisecond time resolution was used to establish a baseline reading of cardiomyocyte 

beating for each well for about 40 seconds. Subsequently, the cells in each well were 

treated with drugs at different dose concentrations. FIG. 13 shows an example of dose 

dependent effects of Astemizole on cardiomyocytes beating at different concentrations. 

At high concentration of 400 nM, Astemizole had such a strong effect on the beating of 

cardiomyocytes that the beating almost stopped. The effect of Astemizole on the beating 

of the cardiomyocytes is clearly does-dependent. At low concentration of 40 pM, its 

effect on the beating of the cardiomyocytes is small that the cardiomyocyte beating rate 

was not affected. Similar to the cell index plot shown in FIGS. 9C and 9D, the time 

resolution between two adjacent points in all the figures in FIG. 11 is 40 milliseconds. In 

other words, a second in FIG. 13 is equivalent to 40 milliseconds. 

Example 6 

Modulation of Cardiomyocyte Beating In Response to llaloperidol Treatment Using 

Millisecond Time Resolution 

(00187) To further demonstrate the capabilities of the improved impedance 

measurement system for monitoring of cardiomyocyte beating in detecting drugs which 

may adversely affect heart function, 500nM Haloperidol was tested to demonstrate its 

time-dependent effects on cardiomyocytes. Approximately, 72 hours after cell seeding 

the improved impedance system was used to establish a baseline reading of 

cardiomyocyte beating for each well for about 16 seconds (FIG. 14A). Note that in FIG. 

14A, each minute showed on the x-axis of FIG. 14A corresponds to one second in real 

measurement. Subsequently, the cells in the well treated with 500 nM Haloperidol. 
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FIGS. 148. C, D, E, F, G and H show the impedance-based monitoring of beating of the 

cardiomyocytes at time points of first 30 seconds. about 1 minute, about 2 minutes, about 

4 minutes. about 5.5 minutes. about 1 hour and about 21 hours after the compound 

treatment. In FIGS. 14B through 14H. each minute showed on the x-axis corresponds to 

one second in real measurement. It is clear that within 1 hr of compound treatment, the 

cardiomyocytes exhibit significant, time-dependent change in their impedance responses. 

Even at - 21 hrs after compound treatment, the impedance pattern did not restore and the 

beating frequency (50 - 60 beats per minute) appeared to become about half of that 

before compound treatment (90 - 100 beats per minute before treatment). Yet the 

amplitude of the impedance response spikes nearly doubled compared with that before 

compound treatment. FIG. 15 and FIG. 16 show the analysis results of the impedance 

beating pattern of FI GS. 14 in terms of the beating frequency (beats per minute) and the 

beating magnitude For FIG. 15 and FIG. 16. each unit ( 1) on the x-axis corresponds to 

0.016 second (16 milliseconds) in real measurement. 

Example 7 

Modulation of Cardiomyocyte Beating In Response to Eryromycin Treatment Using 

Millisecond Time Resolution 

(00188) To further demonstrate the capabilities of the improved impedance 

measurement system for monitoring of cardiomyocyte beating in detecting drugs which 

may adversely affect heart function,300 uM erythromycin was tested to demonstrate its 

time-dependent effects on cardiomyocytes. Approximately. 72 hours after cell seeding 

the improved impedance system was used to establish a baseline reading of 

cardiomyocyte beating for each well for about 15 seconds (FIG. 17 A). Note that in FIG. 

17 A, each minute showed on the x-axis of FIG. 17 A corresponds to one second in real 

measurement. Subsequently, the cells in the well treated with 300 uM erythromycin. 

FIGS. 17B-I show the impedance-based monitoring of beating of the cardiomyocytes at 

time points of first 30 seconds, about 1 minute. about 2 minutes, about 4 minutes, about 

5.5 minutes, about 1 hour, about 3hr and about 21 hours after the compound treatment. 
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In FIGS. 17B-H, each minute showed on the x-axis corresponds to one second in real 

measurement. It is clear that within 3 hr of compound treatment, the cardiomyocytes 

exhibit significant, time-dependent change in their impedance responses. For example, at 

about 1 hr after the treatment, the frequency of the impedance-based beating spikes is 

much higher than that for the cardiomyocytes before treatment, yet the magnitude is 

much smaller. On the other hand, at about 3 hr after treatment, the impedance-based 

beating pattern becomes rather irregular whilst the magnitude of the beating pattern has 

somewhat restored. Still, even at~ 21 hrs after compound treatment, the impedance 

pattern did not restore and the beating frequency appeared to about 70% (at 50 ~ 60 beats 

per minute) of that before compound treatment ( at 80 ~ 90 beats per minute). Yet the 

amplitude of the impedance response spikes increased by about 50% compared with that 

before compound treatment. FIG. 18 and FIG. 19 show the analysis results of the 

impedance beating pattern of FI GS. 17 in terms of the beating frequency (beats per 

minute) and the beating magnitude. For FIG. 18 and FIG. 19, each unit (1) on the x-axis 

corresponds to 0.016 second (16 milli-seconds) in real measurement. 
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CLAIMS 

What is claimed is: 

1. A system for monitoring impedance of excitable cells in vitro, comprising:

a) a device for monitoring cell-substrate impedance, comprising

i) a nonconductive substrate;

ii) one or more electrode arrays fabricated on said substrate;

iii) one or more wells on said substrate, wherein each of said

one or more arrays is associated with one of said one or more wells; 

wherein each electrode array is individually addressable, further wherein 

said substrate has a surface suitable for cell attachment, wherein said cell 

attachment on said substrate can result in a detectable change in 

impedance between electrodes within each electrode array; 

b) an impedance analyzer capable of impedance measurement at

millisecond time resolution; 

c) electronic circuitry that can engage said device and selectively

connect said two or more electrode arrays of said device to said impedance 

analyzer; and 

d) a software program that controls said electronic circuitry and

records and analyzes data obtained from said impedance analyzer. 

2. The system according to claim 1. wherein each of said electrode arrays

comprises two electrode structures having substantially a same surface area. 

3. The system according to claim 2, wherein said electrode structures are

each constructed from a material selected from the group consisting of metal, gold, 

platinum, titanium and chromium. 
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4. The system according to claim 2. wherein said electrode structures have a

width between 20 microns and 500 microns. 

5. The system according to claim 2. wherein a gap between electrode

structures within each electrode array is between 5 microns and 100 microns. 

6. The system according to claim 1. wherein each electrode array is

organized in a configuration selected from the group consisting of interdigitated. circle­

on-line. diamond-on-line. concentric. sinusoidal. and castellated. 

7. The system according to claim 1. wherein said millisecond time resolution

allows for impedance measurements at more than two time points within each excitation 

cycle of excitable cells introduced to wells. 

8. The system according to claim 7. wherein said excitation cycle is a cell

beating cell. 

9. The system according to claim 8. wherein said excitable cells are

cardiomyocytes. 

10. The system according to claim 7. wherein said excitable cells are

excitation-contraction coupling cells. 

11. The system according to claim 1. wherein said impedance measurement at

millisecond time resolution comprises at least two consecutive impedance measurements 

are less than 100 milliseconds apart. 

12. The system according to claim 11. wherein said at least two consecutive

impedance measurements are less than 40 milliseconds apart. 
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13. The system according to claim 12. wherein said at least two consecutive

impedance measurements are less than 20 milliseconds apart. 

14. The system according to claim 13, wherein said at least two consecutive

impedance measurements are less than 10 milliseconds apart. 

15. The system according to claim 1, wherein said one or more wells is

selected from a group of 6 wells, 8 wells. 16 wells. 32 wells. 96 wells and 384 wells. 

16. A method for assessing and quantifying excitable cells in vitro.

compnsmg 

a) providing the system according to Claim 1;

b) adding excitable cells to said one or more wells;

c) monitoring impedance of said one or more wells using millisecond

time resolution; and 

d) resolving individual cycles of said excitable cells.

I 7. The method according to claim 16, wherein said excitable cells are cells 

undergo excitation-contraction coupling. 

18. The method according to claim 17. wherein said excitable cells are

cardiomyocytes. 

19. The method according to claim 16, wherein the step of monitoring

impedance comprises performing impedance measurements at millisecond time 

resolution simultaneously across all wells. 

20. The method according to claim 19. wherein said impedance measurements

at millisecond time resolution comprises at least two consecutive impedance 

measurements at less than 300 milliseconds apart. 
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21. The method according to claim 20, wherein said at least two consecutive

impedance measurements are less than 100 milliseconds apart. 

22. The method according to claim 21. wherein said at least two consecutive

impedance measurements are less than 40 milliseconds apart 

The method according to claim 22. wherein said at least two consecutive 

impedance measurements are less than 10 milliseconds apart. 

24. A method of determining whether a compound modulates a beating cycle

of an excitable cell, comprising: 

a) providing the system according to claim I. wherein said system

comprises at least two wells; 

b) adding excitable cells to said at least two wells;

c) monitoring impedance of said at least two wells using millisecond

time resolution; 

d) adding a compound suspected of modulation of the beating cycle

to a first of said at least two wells to provide a test well, wherein a second well 

lacking compound is provided as a control well; 

e) resolving the beating cycles of both test well and control well; and

d) comparing said beating cycles between said test well and control

well, wherein a difference in beating cycles indicates said compound modulates 

the beating cycle of the excitable cell. 

25. The method according to claim 24, wherein the excitable cells are

cardiomyocytes or embryonic stem cell derived cardiomyocytes. 

26. The method according to claim 24. wherein said beating cycles are

compared to identify changes in beating amplitude. 
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27. The method according to claim 24, wherein said beating cycles are

compared to identify changes in beating frequency. 

28. The method according to claim 27, wherein said changes in beating

frequency are regular changes or irregular changes. 

29. The method according to claim 24. further comprising determining a cell

index for each of said test well and control well, wherein the step of comparing said 

beating cycles comprises comparing said cell indexes between test well and control well. 

30. A method of characterizing rhythmic beating of a cardiomyocyte

compnsmg: 

a) providing the system according to claim I;

b) adding excitable cells to said one or more wells;

c) monitoring impedance of said one or more wells in millisecond

time resolution; and 

d) determining a plurality of beating cycle peaks in a time unit; and

e) comparing amplitude or frequency of said peaks over said time

unit. 

31. The method according to claim 30, wherein the step of determining a

plurality of beating cycle peaks comprises determining a rise in impedance and a decay 

in impedance and extrapolating a peak from each rise and decay. 

32. The method according to claim 30, further comprising determining a cell

index for each of said one or more wells, wherein the step of determining a plurality of 

beating cycle peaks comprises for each cycle determining a rise in cell index, a decay in 

cell index and extrapolating each peak from each rise and decay. 
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33. The method according to claim 30. wherein beating cycle peaks are

determined by identifying impedance data points at which the first order derivative to 

time is zero or close to zero. 

34. The method according to claim 30. further comprising monitoring

impedance of said one or more wells over seconds, minutes or hours, optionally wherein 

said monitoring of impedance in millisecond time resolution is performed within said 

monitoring over seconds, minutes or hours. 

35. A method of assessing genetic manipulation of an embryonic stem cell,

compnsmg: 

a) providing the system according to claim 1, wherein said device

comprises at least two wells; 

b) mutating embryonic stem cells to comprise a genetic mutation;

c) adding said mutated embryonic stem cells to a first well of said at

least two wells to form a test well and control embryonic stem cells to a second of 

said at least two wells to form a control well; 

c) monitoring impedance of said at least two wells in millisecond

time resolution; and 

e) resolving the beating cycles of both test well and control well, if

any;and 

d) comparing said beating cycles between said test well and control

well, wherein a difference in beating cycles indicates said genetic mutation 

modulates embryonic stem cell differentiation. 

36. The method according to claim 35, wherein said embryonic stem cell

differentiation is differentiation into a cardiomyocyte. 
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37. The method according to claim 35, wherein said genetic mutation is

selected from the group consisting of a genetic knock out, a knock down and an inserted 

transgene. 

38. A method for assessing and quantifying excitable cells in vitro,

compnsmg 

a) providing the system according to claim I;

b) adding excitable cells to said one or more wells;

c) monitoring impedance of said one or more wells over a first time

period, which is characterized as a longer time period comprising seconds, 

minutes or hours: 

d) monitoring impedance of said one or more wells over a second

time period in millisecond time resolution: 

e) determining a characteristic selected from the group consisting of

cell attachment, cell growth and cell viability from monitoring over said first time 

period; and 

f) resolving individual cycles of said excitable cells from monitoring

over said second time period. 

39. The method according to claim 38, wherein monitoring impedance over

said second time period is performed at regular or irregular time intervals within 

monitoring impedance over said first time period. 
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ABSTRACT 

Systems and methods for improved monitoring of excitation-contraction coupling and 

excitable cells are provided, which provide millisecond time resolution. The system is 

capable of continuously monitoring excitation-contraction coupling in a relatively high­

throughput manner. The system includes a device for monitoring cell-substrate 

impedance, an impedance analyzer capable of impedance measurements at millisecond 

time resolution, electronic circuitry that can engage the device and selectively connect 

two or more electrode arrays of the device to the impedance analyzer and a software 

program that controls the electronic circuitry and records and analyzes data obtained from 

the impedance analyzer. 
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FIG.3 

Titration of ES-derived cardiomyocytes using the ACEA RT-CES system 
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FIG. 4 Treatment of ES-derived cardiomyocytes with a cytotoxic compound of 

Sodium dichromate dehydrate. 
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FIG. 5. Detection of morphological changes associated with ES-derived 
cardiomyocytes induced by isoproteranol, a J32 adrenergic receptor agonist, using 
the RT-CES system 
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FIG. 6 
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FIG. 7 
Detection of cardiomyocyte beating using the ACEA RT-CES system at different 

time periods along the growth and differentiative curve of ES-derived 
cardiomyocytes seeded in ACEA E-Plates. The time resolution between adjacent 
points in Figures 7 A, 7B and 7C is about 40 milliseconds. In other words, a second 
shown in Figures 7 A, 7B and 7C is equivalent to 40 milliseconds. 

7A 

, l__________,__ -

24 h 

-----, 
I 

10 

7D 

7B 

- -i 

"- ;-\ -."·,,. .,,·.._ '-. --.;-"',\:�·.;\.,. \,��-,-�·:\ I
I 

" 
" "''" 'A"""' 

48 h 

140 260 3ll0 

Tim� (111 Hour) 

7C 

72 h 

620 740 

100



FIG. 8A 
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FIG. 9 Detection of cardiomyocyte beating using the ACEA RT-CES system for the 
mouse cardiomyocytes treated with 4.4 uM sotalol. In Figures 9C and 9D, the time 
resolution between two adjacent points is 40 milliseconds. In other words, a second 

in Figures 9C and 9D is equivalent to 40-millisecond. 

FIG. 9A 

c 200

E 

Q) 150Q. 

"' 
Q) 

100 e 

"' 

50 

Q) 0ID 

FIG. 9B 

0.3 

0.25 
Q). 

] 0.2
·- 0 15C. 
� 0.1 

0 

Sotalol, 4.4 uM 

200 400 600 800 

Time (Seconds) 

Sotalol, 4.4 uM 

----------- --------- ________J 
i 
l 

- - -----' 

--------- -------------------

0.05 1-----------------------------

0 
0 100 200 300 400 500 600 700 800 

Time (Seconds) 

102



FIG. 9C 
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FIG. lOA 

Assessment of agents which slow down heart rate and cardiomyocyte beating 
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FIG. 10B 

Analysis of drugs which increase heart rate and cardiomyocyte beating 
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FIG. llA 

Sotalol 33.3 uM (0.033% DMSO) 
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FIG. 118 

Astemizole 400 nM (0.004% DMSO) 
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FIG. llC 

Terfenadine 200 nM (0.065%DMSO) 
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FIG. 11D 

Erythromycin 13.3 uM (0.13% DMSO) 
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FIG. llE 

Moxifloxacin 20 uM (0.3% DMSO) 
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FIG. llF 

Pentamidine 20uM (0.2%DMSO) 
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FIG. llG 

Amitriptyline 4.4uM(0.04 % DMSO) 
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FIG. llH 

Verapamil 130 nM (0.0013% DMSO) 
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FIG. 111 

Rosiglitazone 13.3 uM (0.13% DMSO) 
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FIG. llJ 

Rof ecoxib 13.3 uM 
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FIG. llK 

Celecoxib 4.4 uM 
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FIG. llL 

Doxirubicin 40 uM (0.4% DMSO)
(measurement after 2h treatment)
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FIG. llM 

Cyclosporine A 13.3uM (0.13% DMSO) 
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FIG. llN 

Propranolol 4.4uM (0.04% DMSO) 
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FIG. 110 

E4031 9.1 nM 
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FIG. llP 

DDT 8uM (0.08% DMSO) 
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FIG. llQ 

PCB 8uM (DMSO 0.08%) 
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FIG. 11R 

Endosulfan 8uM (0.08% DMSO) 
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FIG. 11S 

DMSO 0.13% 
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FIG. 12 

Cardiotoxic Patterns 
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FIG. 13 

Astemizole 13.3 nM 
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FIG.14 
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FIG.15 

A. Before 500nM Haloperidol
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FIG.16 
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FIG.17 
3600 �-------- --- ----------� 

A. Before 300uM Erythromycin
treatment

3200 �---'----'---�- -� -�--�-�-�--�-� 
02 03 05 06 01 08 09 10 

Tmrn(1nMmute) 

4.000 --- ----- -------------- -� 

D. About 2 minutes after treatment

3867 

3.600 �---'----'---�- -�·· 
'55 156 1S7 158 159 200 201 

Time (m M1nJle) 

4000 

G. 1 hr after treatment

3867 

202 203 204 

3600 �---'----'---�- -�-_L_-�--�--'----'----'-' 
19 20 ,, 22 23 24 25 26 " 18 29 

Time (m M1nu1e) 

3700 -- -- ---- ---------------� 

B. First 30 second after treatment

35671- � 

:f � 

bi l�
- ,

! �

r

• t i �

3300�-�-
35 36 JI 39 40 41 42 43 44 

4000 ----------------- --·--- -� 

3867 

3733 

E. About 4 minutes after treatment
3600�-�-� 

3 55 3 56 3 57 358 3 5\: 4 DO 4 01 

Time (m Minute>) 

4fil 400 4M 4� 

3600 -------------- ---

3467 

3333 

3200 
24 

H. ~ 3 hr after treatment 

25 25 27 28 29 30 

f, 

31 32 33 34 

3700 -------------------- - -� 

C. ~ 1 minute after treatment 

3557f__ 

- t 

.t � 

--t -t 

t= t 

J 
:; 

:!. 

,��---'----'---�--�-�-� -� 

� 57 53 59 100 101 102 1W 1� 10� 1� 

T1me(m Minute) 

4000 ....-------- - -

3867 

3733 

F. About 5.5 minutes after treatment
3600 �---'----'---�--�-�-�- __ J_ 

5 21 5 22 5 23 5 24 5 25 5 26 5 27 5 28 5 29 5 30 5 31 

T1me(1n Minute) 

3100 

J: 
� 

1T 
-, 

2 967 

+ 

2700 �---'----'---�--�-� -�- l__ ____ � ---'-- -� 

29 30 31 32 33 34 3b 38 39 

I. 21 hr after treatrn�'n1""'')

130



FIG.18 
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FORMALITIES LETTER 59538 
BIOTECH BEACH LAW GROUP , PC 
625 BROADWAY 

Suite 1210 
1 11111111 1111 111111111 ll]�!l]!�l!�l!�IIJU� �Hll lllll 11111 11111 11111111

SAN DIEGO, CA 92101 

Date Mailed: 05/19/2009 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by 
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

• The oath or declaration is unsigned.

The application is informal since it does not comply with the regulations for the reason(s) indicated below. 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 (d) are required. The drawings
submitted are not acceptable because:

• The drawings must be reasonably free from erasures and must be free from alterations, overwriting,
interlineations, folds, and copy marks. See Figure(s) 9B, 15A-16H, 18A-19I.

• The drawings have a line quality that is too light to be reproduced (weight of all lines and letters must
be heavy enough to permit adequate reproduction) or text that is illegible (reference characters, sheet

numbers, and view numbers must be plain and legible) see 37 CFR 1.84(1) and (p)(1)); See Figure(s)
4A-8A, 9B, 1 0A-14.

• Numbers, letters, and reference characters on the drawings must measure at least 0.32 cm (1/8 inch) in
height. See Figure(s) 7, 8B, 1 0A-11I, 11 K-14H, 17 A-181.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to 
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required 
application size fee. 

The applicant needs to satisfy supplemental fees problems indicated below. 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.16(f) of $65 for a small entity in compliance with 37 CFR 1.27, must be

submitted with the missing items identified in this notice.
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SUMMARY OF FEES DUE: 

Total additional fee(s) required for this application is $65 for a small entity 
• $65 Surcharge.

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 

https ://sportal. uspto .gov/authenticate/ AuthenticateUserlocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 

visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/eggolla/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION 

NUMBER 

FILING or 

37l(c)DATE 

GRP ART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

12/435,569 05/05/2009 1636 956 ACE-134Ul 39 1 

59538 
BIOTECH BEACH LAW GROUP , PC 
625 BROADWAY 

Suite 1210 
SAN DIEGO, CA 92101 

CONFIRMATION NO. 3664 

FILING RECEIPT 

1 11111111 1111 111111111 ll]�!l]!�l!�l!�IIJU� �Hll lllll 111111111111111111

Date Mailed: 05/19/2009 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 

in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 

application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 

NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

Applicant( s) 
Xiaobo Wang, San Diego, CA; 
Biao Xi, San Diego, CA; 
Wen Fu Zhang, San Diego, CA; 

Xiao Xu, San Diego, CA; 
Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This appln claims benefit of 61/191,684 09/11/2008 

and claims benefit of 61 /126,533 05/05/2008 

Foreign Applications 

If Required, Foreign Filing License Granted: 05/14/2009 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 

is US 12/435,569 

Projected Publication Date: To Be Determined - pending completion of Missing Parts 

Non-Publication Request: No 

Early Publication Request: No 
** SMALL ENTITY ** 

page 1 of 3 

141



Title 

Label-Free Monitoring of Excitation-Contraction Coupling and Excitable Cells Using Impedance 
Based Systems with Millisecond Time Resolution 

Preliminary Class 

435 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 

page 2 of 3 

142



the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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J 
UNITED STATES PATENT AND ThADEMARK OFFICE

Ul\"JTF.D STATF.S DF.PA ll'l'MllN1' OF OOMMRllCR 
United States Patent and Trademark Offlee 
Addttw.COMMISSIO:lER FOR PATENTS 

�e!"".J.:�ugioia Z231)•1450 
www.nspm.gov 

APPLICATION NUMBER FlLINO OR 371(C) DATE PIRST NAMED APPLICA,VI' A1TY. DOCKET NO.mn.E 

12/435,569 05/05/2009 

59538 

XiaoboWang ACE-134Ul 
CONFIRMATION NO. 3664 

FORMALITIES LETTER 
BIOTECH BEACH LAW GROUP , PC 
625 BROADWAY 
Suite 1210 

1m111�m1ru■wuu1,111u1m1m 
SAN DIEGO, CA 92101 

Date Mailed: 05/19/2009 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by 
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

• The oath or declaration is unsigned.

The application is informal since it does not comply with the regulations for the reason(s) indicated below. 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:

• The drawings must be reasonably free from erasures and must be free from alterations, overwriting,
interlineations, folds, and copy marks. See Figure(s) 9B, 15A-16H, 18A-19I.

• The drawings have a line quality that is too light to be reprodµced (weight of all lines and letters must
be heavy enough to permit adequate reproduction) or text that is illegible (reference characters, sheet
numbers, and view numbers must be plain and legible) see 37 CFR 1.84(1) and (p)(1)); See Figure(s)
4A-8A, 9B, 1 0A-14.

• Numbers, letters, and reference characters on the drawings must measure at least 0.32 cm (1/8 inch) in
height. See Figure(s) 7, 88, 1 0A-111, 11 K-14H, 17A-18I.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to 
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required 
application size fee. 

The applicant needs to satisfy supplemental fees problems indicated below. 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.16(0 of $65 for a small entity in compliance with 37 CFR 1.27, must be
submitted with the missing items identified in this notice.
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SUMMARY OF FEES DUE: 

Total additional fee(s) required for this application is $65 for a small entity 
• $65 Surcharge.

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 
htlJ)S:/Jsporta1.uspto,gov/authentjcate/Authent;oateuserLoca1EPF,html 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/eggolla/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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o'P e 
"'A:I 

11:, PTO/SB/17 (10-08) 

· \ - J
. Approved for use through 06/30/2010. 0MB 0651-0032 

",.\\\ ',\ U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
� Under �aperwork Reduction Ad of 1995 no persons are reauired to resoond to a collection of information unless it displavs a valid 0MB control number 

� � 
Effective on 12/08/2004. Complete if Known -, 

�.'=....., FEEffiNSMiTfAL ��:::
N

""'°' ��:�
s

,�
For FY 2009 First Na med Inventor Xiaobo Wana 

t-::=:-----------------------1 Examiner Name to be determined 0 Applicant daims small entity status. See 37 CFR 1.27 
1-----------........ ---------1 Art Unit 1636 
"-TOTAL AMOUNT OF PAYMENT I($) $310.00 1-A-tt o_m_e_y_D_ock_et _N_o _. -+-A

_
C
_

E
_-1_3_4_U_1 ________ ----11 

METHOD OF PAYMENT (check all that apply) 

0check OcreditCard DMoneyOrder 0None Oother(pleaseidentify): 

0 Deposit Account Deposit Account Number: 504352 Deposit Account Name: B-io_t_e_c_h_B_e_a_c_h_L_a_w ____ _ 
For the above-Identified deposit account, t he Director is hereby a uthorized to: (check all that appl y) 

D Charge fee(s) indicated below D Charge fee(s) indicated below, except for the filing fee 
[Jl Charge any additional fee(s) or underpayments of fee(s) � Credit any overpa yments 
l.!:.I under 37 CFR 1.16 and 1.17 � 

WARNING: Information on this form may become public. Credit card Information should not be Included on this form. Provide credit card 
information and authorization on PT0-2038. 
FEE CALCULATION 

1. BASIC FILING, SEARCH, AND EXAMINATION FEES 
. FILING FEES SEARCH FEES EXAMINATION FEES 

AeeliSi!ll8D Tiee 

Utility 

Design 

Plant 

Reissue 

Provisional 

2. EXCESS CLAIM FEES 
Fee Descrigtion 

Fee {Sl 

330 

220 

220 

330 

220 

Small Entl!l! 
.E!!Jll 
165 

110 

110 

165 

110 

Each claim over 20 (including Reissues) 

f!i.($1 
540 

100 

330 

540 

0 

Each independent claim over 3 (including Reissues) 
Multiple dependent claims 

Small Enti!l! 
fll..W 
270 

50 

165 

270 

0 

Total Claims Extra Clalms f!!!.W Fee Paid (Sl 
____ . 20 or HP= _____ X ____ = ____ _ 
HP "' highest number of total claims paid for, If greater than 20. 

lndeg. Claims Extra Claims .E!!..W Fee Paid ($) 
____ -3orHP"' _____ x ____ = ____ _ 
HP = highest number of independent claims paid for, if greater than 3. 

3. APPLICATION SIZE FEE

Small Enti!l[ 
f!i.($1 fii.Lll FmPi!ld ($) 

220 110 
140 70 
170 85 
6S0 325 

0 0 
Small Ent!Slf 

.E!!..W Fee($) 
52 26 

220 110 
390 195 

Multigle Degendent Claims 
Fee{$) Eee Paid !Sl 

If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer 
listings under 37 CFR l.52(e)), the application size fee due is $270 ($ I 35 for small entity) for each additional 50 
sheets or fraction thereof. See 35 U.S.C. 4Ha)(l)(G) and 37 CFR 1.16(s). 
Total Sheets Extra Sheets Number of each additional 50 or fraction thereof .E!!..W Fee Paid (Sl 

____ . 100 = _____ / 50 = _____ (round up to a who le n umber) x ____ =

4. OTHER FEE(S) 
Non-English Specification, $130 fee (no small entity discount) 

Other ( e.g., late ti ling surcharge): late filing surcharge and extension of time fee 

SUBMITTED 8..,.,.- ,_ 

Foos Paid ($) 

$310.00 

Signature 
-

I 
Registration No. 

50948 fAttomev/Aoentl 
Telephone619-238-1179 

N ame (Print/Type) Raymond Wagenknecht D ate 8/27/2009 

This colledion of information is required by 37 CFR 1.136. The information is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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Transmittal Letter 

. ,

�\ ')

TRANSMITTAL 

FORM 

to be u11ed for all CO/TIii/ ndence after initial filin 

Total Number of Pages in This Submission 54 

PTO/SB/21 (07-09) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE. . . . 

Filing Date May 5, 2009 
First Named Inventor Xiaobo Wang· 
Art Unit 1636 

Examiner Name to be determined 

Attorney Docket Number ACE-134U1 

ENCLOSURES (Check all that apply) I 

� � □
After Allowance Communication to TC 

Fee Transmittal Form Drawing(s) 

� □ Licensing-related Papers □ Appeal Communication to Board
Fee Attached of Appeals and Interferences

□ □ Petition □ Appeal Communication to TC 
AmendmenUReply (Appeal Notice, Brief, Reply Brief}

□ □ 
Petition to Convert to a 

□ After Final Provisional Application Proprietary Information

□ □
Power of Attorney, Revocation 

□ Status Letter Affidavlts/dedaration(s) Change of Correspondence Address

□ Terminal Disclaimer � 
Other Enclosure(s) (please Identify

Extension of Time Request below):

□ Express Abandonment Request □ Request for Refund - Executed Declaration
- Return Postcard 

□ Information Disclosure Statement □ CD, Number of CD(s)

□ Landscape Table on CD

□
Certified Copy of Priority I Remarks 
Document(s)

� 
Reply to Missing Parts/ 
Incomplete Application 

�-
Reply to Missing Parts 
under 37 CFR 1.52 or 1.53 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT 

FirmName 
( Biotech �ch Law Group PC 

Signature "' ��� 
--

Printed name -

Raymond 'Nagenknecht 

Date 8l2J2009 I 
Reg. No. 150948 

CERTIFICATE OF TRANSMISSION/MAILING 

I hereby certify that this corres ondence Is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with 
sufficient postage as fi ss ma, n envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on 
the date shown below 
Signature 

Typed or printed name Raymond Wagenknecht Date�� -;,-7 2C() 

This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and1 .14. This collection is estimated to 2 hours to complete, induding 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the 
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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Doc Code: TRAN.LET 

t Description: Transmittal Letter 

TRANSMITTAL 

FORM 

to be UHcl for all COITIIS nctence efter Initial fl/in � 

Total Number of Pages in This Submission 54

Filing Date 
First Named Inventor 
Art Unit 

Examiner Name 

PTO/SB/21 (07-09) 
Approllfld for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE. . . . 

Mays, 2009 
XlaoboWang 
1636 

to be determined 
Attorney Docket Number ACE-134U1 

ENCLOSURES (Check all that apply) 

� � □
After Allowance Communication to TC 

Fee Transmittal Form Drawlng(s) 

� □ Licensing-related Papers □ Appeal Communication to Board 
Fee Attached of Appeals and Interferences

□ □ Petition □ Appeal Communication to TC
AmendmenUReply (Appeal Notice, Brief, Reply Brief)

□ □ 
Petition to Convert to a 

-□After Final Provisional Application Proprietary Information 

□ □
Power of Attorney, Revocation 

□ Status Letter Affidavits/declaration(&) Change of Correspondence Address

� □ Terminal Disclaimer IZI 
Other Enclosure(&) (please Identify 

Extension of Time Request below): 

□ Express Abandonment Request □ Request for Refund • Executed Declaration
- Return Postcard 

□ Information Disclosure Statement □- CD, Number of CD(s) 

□ Landscape Table on CD

□
Certified Copy of Priority I Remarks I
Document(s)

� 
Reply to Missing Parts/
Incomplete Application

Reply to Missing Parts 
under 37 CFR 1.52 or 1.53 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT 

Firm Name 
\ Biotech�h Law G�p PC 

Signature 
� \ \.:-,, -

Printed name -

Raymond Wagenknecht 

Date 8/2f2009 I Reg. No. J so94a

CERTIFICATE OF TRANSMISSION/MAILING 

I hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with 
sufficient postage as first etas • ·n an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on 
the date shown below: 
Signature 

Typed or printed name Raymond Wagenknecht Date Sli8I200S g f � 7 2f01

This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality 1s governed by 35 U.S.C. 122 and 37 CFR 1.11 and1.14. This collection is estimated to 2 hours to complete, incJuding 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the 
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademar1< Office. U.S. Department of Commerce, P.O Box 1450, Alexandria, VA 22313-1450 00 NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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�\\\ i 'under tll � 
) ppr or use t roug . -A ovedf h 

PTO/SB/17 (10-08) 
h 06/30/2010 0MB 0651 0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
aperworlc Reduction Ad of 1995 no oersons are reauired to respond to a collection of information unless it displavs a valid 0MB control number 

� 

rJn Complete if Known E"8ctive on 12/0&/2004. 
rsuant to the Consolidated Appropriations Act, 2005 (H.R. 4818). 

Application Number 12/435,569 
� FEE TRANS MITT AL Filing Date Mav5 2009 

For FY 2009 First Named Inventor Xiaobo Wano 
Examiner Name to be determined D Applicant claims small entity status. See 37 CFR 1.27 
Art Unit 1636 

""TOTAL AMOUNT OF �AYMENT I ($) $310.00 Attorney Docket No. ACE-134U1 

METHOD OF PAYMENT (check all that apply) 

0 Check O Gredit Card O Money Order O None O Other (please identify):

0 Deposit Account Deposit Account Number: 504352 Deposit Account Name: Biotech Beach Law 
For the above-identified deposit account, the Director is hereby authorized to: (check all that apply) 

D Charge fee(s) indicated below D Charge fee(s) indicated below, except for the flllng fee 

� Charge any additional fee(s) or underpayments of fee(s)
under 37 CFR 1.16 and 1.17 

� Credit any overpayments 
WARNING: lnfonnatlon on this fonn may become public. Credit c:ard Information should not be Included on this fonn. Provide credit card 
Information and authorization on PT0-2038. 
FEE CALCULATION 

1. BASIC FILING, SEARCH, AND EXAMINATION FEES 
FILING FEES SEARCH FEES 

Small Entity Small Entity 
Aggllcatlon Tme f!gJil .E!!Jll .E!!.W .EH..(il 
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'\,.,� %ECLARATION FOR UTILITY OR Attorney Docket Number: ACE-134UI 

DESIGN First Named Inventor: Xiaobo Wang 
PATENT APPLICATION 

(37 CFR 1.63) COMPLETE IF KNOWN 

Application Num�er: 12/435,569 

Filing Date: May 5, 2009 

[ ] Declaration Submitted with Initial Filing, OR Group Art Unit: 1636 

[x] Declaration Submitted after Initial Filing Examiner: To be determined 
(surcharge (37 CPR l.16(e) required)

As a below named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my �ame. 

I believe I am the original, first and sole inventor (if only one name is li!!led below) or an original, first and joint 
inventor (!f plural names are listed below) of the subject matter which is claimed and for which a patent is sought 
on the invention entitled: 

Label-Free Monitoring of Excitation-Contraction Coupling and Excitable Cells Using Impedance Based Systems 
with Millisecond Time Resolution 

the specification of which: 

[ ] is attached hereto 
OR 

[ x ] was filed on May 5, 2009 as United States Application Number or PCT International Application 
Number 12/435,569 and was amended ______ (ifapplicable). 
I hereby state that I have reviewed and understand the contents of the above- identified specification, including 
the claims, as amended by any amendment specifi_cally referred to above. 
I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR I .56 

I hereby claim foreign priority benefits under 35 U.S.C. I 19(aHd) or 365(b) of any foreign application(s) for 
patent or inventor's certificate, or 365(a) of any PCT international application which designated at least one 
country other than the United States of America, listed below and have also identified below, by checking the 
box, any foreign application for patent or inventor's certificate, or of any PCT international application having a 
filing date before that of the application on which priority is claimed. 

Prior Foreign Country Foreign Filing Priority Not Certified Copy Attached? 
Application Date Claimed YES NO 
Number(s) 

I 
( ] Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/028 attached 
hereto: 

Declaration for Utility or Design Patent Application 
Corresponding to PTO/SB/0, I PTO/SB/02A, 
PTO/SB/02B, PTO/SB/02C 1 
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I hereby claim the benefit under 35 U.S.C. l l 9(e) of any United States provisional application(s) listed below: 

Application Number(s) Filing Date [ ] Additional provisional 

61/191,684 September 11, 2008 
application numbers are listed on a 
supplemental priority data sheet 

61/126,533 May 5, 2008 
PTO/SB/02B attached hereto 

I hereby claim the benefit under 35 U.S.C. 120 of any United States application(s), or 365( c) of any PCT 
international application designating the United States of America, listed below and, insofar as the subject matter 
of each of the claims of this application is not disclosed in the prior United States or PCT International 
application in the manner provided by the first paragraph of 35 U.S.C. 112, l acknowledge the duty to disclose 
information which is material to patentability as defined in 37 CFR. 1.56 which became available between the 
filing date of the prior application and the national or PCT international filing date of this application 

U.S. Parent Application or PCT Parent Fling Date Parent Patent Number 
Parent Number (if applicable) 

. 

[] Additional U.S. or PCT international application numbers are listed on a supplemental priority data sheet 
PTO/SB/02B 

As a named inventor, J hereby appoint the following registered practitioner(s) to prosecute this application and to 
transact all business in the United States Patent and Trademark Office connected herewith: 

f x I Customer Number 59538 [Customer Number Bar Code Label] 
OR 

[ ] Registered practitioner(s) name/registration number listed below: 

Name Registration Name Registration 
Number Number 

Raymond Wagenknecht 50,948 

[] Additional registered practitioner(s) named on supplemental Registered Practitioner Information sheet 
PTO/SB/02C attached hereto. 

Declaration for Utility or Design Patent Application 
Corresponding to PTO/SB/0; I PTO/SB/02A, 
PTO/SB/028, PTO/SB/02C 2 
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Direct all correspondence to: [ x] Customer Number 59538 or Bar Code Label [Attached Bar Code Label] 
OR 

] Correspondence address below: 

Name Biotech Beach Law Group PC 

Address 625 Broadway, Ste 1210 

Address 

City San Diego State California Zip Code 92101 

Country USA Telephone 619-238-1179 Facsimile 619-374-2089

I hereby declare that all statements made herein ofmy own knowledge are true and that all statements made on 
information and belief are believed to be true; and that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. 
1001 and that such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 

NAME OF SOLE OR FIRST INVENTOR 

Given Name (first and middle, if any) 

Xiaobo 

Inventor's 
'x 

_C) 
Signature _L, 

Residence: San Diego State C l'fj . \I a 1 omia 
City 

Post Office ACEA Biosciences, Inc. 
Address 6779 Mesa Ridge Rd. Ste. 100 

San Diego, CA 92121 

Declaration for Utility or Design Patent Application 
Corresponding to PTO/SB/0, I PTO/SB/02A, 
PTO/SB/02B, PTO/SB/02C 3 

[ ] A petition has been filed for this unsigned 
inventor 

Family Name or Surname 

Wang 

Date ob(�YI" 
Country us Citizenship us 
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DECLARATION 

ADDITIONAL INVENTOR(S) 
SUPPLEMENTAL SHEET 

PAGE 1 OF 2 

NAME OF ADDITIONAL INVENTOR [ ] A petition has been filed for this unsigned 

Given Name (first and middle, if any) 

YamaA. 

Inventor's r--cl-0-: 
Signature 

Residence: San Diego State CA 
City 

Post Office ACEA Biosciences, Inc. 
Address 6779 Mesa Ridge Rd. Ste. 100 

San Diego, CA 92121 

City San Diego State CA 

NAME OF ADDITIONAL INVENTOR 

Given Name (first and middle, if any) 

Biao 

Inventor's 

�� Signature 

Residence: San Diego State CA 
City 

Post Office ACEA Biosciences, Inc. 
Address 6779 Mesa Ridge Rd. Ste. 100 

San Diego, CA 92121 

City San Diego State CA 

Declaration for Utility or Design Patent Application 
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PTO/SB/02B, PTO/SB/02C • 4 

inventor 

Family Name or Surname 

Abassi 

Date 
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C ountry us Citizenship us 

Zip Code 92121 Country us 

[ ) A petition has been filed for this unsigned 
inventor 

Family Name or Surname 

Xi 

Date 
6-.s- 01 

Country us Citizenship CNChina 

Zip Code 92121 Country us 
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ADDITIONAL INVENTOR(S) 

SUPPLEMENTAL SHEET 

PAGE 2 OF 2 

NAME OF ADDITIONAL INVENTOR [ ] A petition has been filed for this unsigned 

Given Name (first and middle, if any) 

Wen Fu 

Inventor's - Lt? "' ..... 0. 
Signature -- - c....J \I 

Residence: San Diego State CA 
City 

Post Office ACEA Biosciences, Inc. 
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City San Diego State CA 

NAME OF ADDITIONAL INVENTOR 
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Residence: San Diego State CA 

City 
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Address 6779 Mesa Ridge Rd. Ste. 100 
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City San Diego State CA 
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Family Name or Surname 
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Date 
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FIG.3 

Titration of ES-derived cardiomyocytes using the ACEA RT-CES system 
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FIG. 4 Treatment of ES-derived cardiomyocytes with a cytotoxic compound of 
Sodium dichromate dehydrate. 
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FIG. 5. Detection of morphological changes associated with ES-derived 
cardiomyocytes induced by isoproteranol, a J32 adrenergic receptor agonist, using 
the RT-CES system 
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FIG. 6 
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FIG. 7 

Detection of cardiomyocyte beating using the ACEA RT-CES system at different 
time periods along the growth and differentiative curve of ES-derived 
cardiomyocytes seeded in ACEA E-Plates. The time resolution between adjacent 
points in Figures 7 A, 7B and 7C is about 40 milliseconds. In other words, a second 
shown in Figures 7 A, 7B and 7C is equivalent to 40 milliseconds. 
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FIG. 9 Detection of cardiomyocyte beating using the ACEA RT •CES system for the 
mouse cardiomyocytes treated with 4.4 uM sotalol. In Figures 9C and 9D, the time 
resolution between two adjacent points is 40 milliseconds. In other words, a second 
in Figures 9C and 9D is equivalent to 40-millisecond. 
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FIG. 9C 
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FIG. lOA 

Assessment of agents which slow down heart rate and cardiomyocyte beating 
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FIG.10B 

Analysis of drugs which increase heart rate and cardiomyocyte beating 
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FIG. llA 

Sotalol 33.3 uM (0.033% DMSO) 
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FIG. 11B 

Astemizole 400 nM (0.004% DMSO) 
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FIG. llC 
Terfenadine 200 nM (0.065%DMSO) 
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FIG. 11D 
Erythromycin 13.3 uM (0.13% DMSO) 
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FIG. llE 
Moxifloxacin 20 uM (0.3% DMSO) 
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FIG. llF 

Pentamidine 20uM (0.2%DMSO) 
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FIG. 11G 

Amitriptyline 4.4uM(0.04 % DMSO) 
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FIG. llH 

Verapamil 130 nM (0.0013% DMSO) 
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FIG. 111 

Rosiglitazone 13.3 uM (0.13% DMSO) 

3.000 2.883 2.767 2.650 2.533 2.417 2.300 
Cell Index 

"'""f""'"'"''t'""""" 

3.000 2.883 2.767 2.650 2.533 2.417 2.301 
Cell Index 

20 

19 

18 

17 

16 

15 

14 

13 

12 

II 

2.0 

1.0 

Cell Index 

.... -., .......... ·························t···························. 

...................... ,,, ....... . .  , , . ,, . .  ,.,, .......... . 

2.6 2.45 
Cell Index 

2. 

2.53 

2.52 

2.51 

2.50 

2.49 

2.48 

13 

12 

II f 

.5 

e 
10 1-= 

09 

08 

2.30 

176



FIG. llJ 

Rofecoxib 13.3 uM 
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FIG. llK 

Celecoxib 4.4 uM 
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FIG. UL 

Doxirubicin 40 uM {0.4% DMSO) 
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FIG. HM 
Cyclosporine A 13.3uM (0.13% DMSO) 
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FIG. llN 

Propranolol 4.4uM (0.04% DMSO) 
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FIG.11O 
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FIG. UP 

DDT 8uM (0.08% DMSO) 
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FIG. llQ 
PCB 8uM (DMSO 0.08%) 
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FIG. llR 

Endosulfan 8uM (0.08% DMSO) 
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FIG. US 

DMSO 0.13% 
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FIG. 12 
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FIG. 13. 
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FIG. 15 
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E. - 4 minutes after treatment
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FIG. 17 
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FIG. 18 
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Title 
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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

12/435,569 05/05/2009 

59538 

BIOTECH BEACH LAW GROUP , PC 

625 BROADWAY 

Suite 1210 

SAN DIEGO, CA 92101 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 

United States Patent and Trademark Office 

Adiliess. COMMISSIO'JER FOR PATENTS 
PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Xiaobo Wang ACE-134Ul 

CONFIRMATION NO. 3664 

WITHDRAWAL NOTICE 

1 11111111 1111 1111 11111 ll]�!l]!�l!�l!�Ull�HI 1,111 11111 11111 11111 IIII IIII 

Date Mailed: 09/21/2009 

Letter Regarding a New Notice and/or the Status of the Application 

If a new notice or Filing Receipt is enclosed, applicant may disregard the previous notice mailed on 

05/19/2009. The time period for reply runs from the mail date of the new notice. Within the time period 

for reply, applicant is required to file a reply in compliance with the requirements set forth in the new 

notice to avoid abandonment of the application. 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 

https://sportal. uspto.gov/authenticate/ AuthenticateU serLocalEPF .html 

For more information about EFS-Web please call the USPTO Electronic Business Center at 

1-866-217-9197 or visit our website at http://www.uspto.gov/ebc.

If the reply is not filed electronically via EFS-Web, the reply must be accompanied by a copy of 

the new notice. 

If the Office previously granted a petition to withdraw the holding of abandonment or a petition to 

revive under 37 CPR 1.137, the status of the application has been returned to pending status. 

/tlulu/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 

1-888-786-0101
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Patent 
Attorney Docket No: ACE-134Ul 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: ) 
) 

WANG et al. ) 
) 

Application Number: 12/435,569 ) 
) 

Filed: May 5, 2009 ) 
) 

For: LABEL-FREE MONITORING OF ) 
EXCITATION-CONTRACTION ) 
COUPLING AND EXCITABLE ) 
CELLS USING IMPEDANCE ) 
BASED SYSTEMS WITH ) 
MILLISECOND TIME ) 
RESOLUTION ) 

_______________) 
Commissioner for Patents 
P. 0. Box 1450
Alexandria, VA 22313-1450

Examiner: To be determined 
Group Art Unit: 1636 

Response to Formalities Letter 
Sir: 

Applicants are responding to the Formalities Letter mailed on September 21, 
2009, a copy of which is included herewith, inviting Applicants to submit replacement 
drawings. Applicants provide herewith replacement drawings for Figures 1 OA-13. This 
response is submitted within one month of the mailing date of the Formalities Letter. 
Accordingly, no request for extension oftime is deemed necessary. 

I t 
Date 

Biotech Beach Law Group, PC 
625 Broadway, Ste. 1210 
San Diego, CA 92101 
(619) 238-1179

�-
ed

_
,
_ 

Raymond Wagenknecht 
Reg. No. 50,948 
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UNITED STATES PATENT AND ThADEMARK OrncE 

APPLICATION NUMBER FILING OR 371(C) DATE 

12/435,569 05/05/2009 

59538 
BIOTECH BEACH LAW GROUP , PC 
625 BROADWAY 
Suite 1210 
SAN DIEGO, CA 92101 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Addmr.COMMISSIONER FOR PATENTS 

P.O. Aox 1450 
Alexandria, Vuginia 22J13·14l0 
WWW,IIIJII0,80" 

FIRST NAMED APPLICANT ATfY. DOCKETNO./TITLE 

Xiaobo Wang ACE-134Ul 

CONFIRMATION NO. 3664 

FORMALITIES LETTER 

Date Mailed: 09/21/2009 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Filing Date Granted 

An application number and filing date have been accorded to this application. The application is informal since 
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS 
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be 
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 (d) are required. The drawings
submitted are not acceptable because:

• The drawings are not in compliance with 37 CFR 1.84 because figures 10A-11 S contain figure or view
numbers that have incorrect orientation. Reference characters, sheet numbers, and view numbers must be
oriented in the same direction as the view. See 37 CFR 1.84(p)(1 ).

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to 
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required 
application size fee. 
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Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217•9197 or 
visit our website at http://www.uspto.gov/ebc, 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/tlulu/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 

.. 
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Patent 
Attorney Docket No: ACE-134Ul 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: ) 
) 

WANG et al. ) 
) 

Application Number: 12/435,569 ) 
) 

Filed: May 5, 2009 ) 
) 

For: LABEL-FREE MONITORING OF ) 
EXCITATION-CONTRACTION ) 
COUPLING AND EXCITABLE ) 
CELLS USING IMPEDANCE ) 
BASED SYSTEMS WITH ) 
MILLISECOND TIME ) 
RESOLUTION ) 

Commissioner for Patents 
P. 0. Box 1450
Alexandria, VA 22313-1450

Examiner: To be determined 
Group Art Unit: 1636 

Replacement Drawings 
Sir: 

Applicants respectfully submit herewith a replacement set of drawings for Figures 

I0A-13. Applicants' previous drawings were objected to due to the incorrect orientation 

of figure and/or view numbers. The attached drawings contain figure and/or view 

numbers with the correct orientation. The replacement drawings contain no new matter. 

Date 

Biotech Beach Law Group, PC 
625 Broadway, Ste. 1210 
San Diego, CA 92101 
(619) 238-1179

Raymond Wagenknecht 
Reg. No. 50,948 
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FIG. IOA 

Assessment of agents which slow down heart rate and cardiomyocyte beating 

Carbachol-Treated 

...... 

' •· 1 •--: 

·1 41

� 35·--•1 

: 

i 29: J 
t-+--·--+t· • "? i � 

! r

.� .. ' �i i 

r '--+----t·--·-4· i ��
me 

------·.·: ........ i_,,,. .. ;_, ........ ',,i,.. : ;,.. : 
••••• , ..... """"'":·

(Min) 
17 

Base:iinci , i "'"'("")""''!'"""1'' '"l 11

05 
3.3 3.2 3. t 3.0 2.9 2.8 2. 7 2.6 2.5 2.4 2.3 

Cell Index 

3.0 

2.0 

Time 
(Hour) 

3.3 3.2 3.1 3.0 2.9 2.8 2.7 2.6 2.5 2.4 2.3 
Cell Index 

2.0 

0.0 

... 
. ... .,.,,, .......... :7, 

.::-r,.::z=.. f 
. . . ' 

� 1 
' . 

�-... "*-'"'-���-] � j 
. ' 

� 

•• ' ••• !._J 

·t ... J�7 
•·---r- -- �

j 

29 

28 

27 

26 

25 

2.800 2.667 2.533 
24 

2.400 
Cell Index 

Baseline 
��-= • I ;!1' 

: I 

T . ry 
��.. :-:_±;:;.r_, ; I 

. : ; _,,.I. .... '. ... ·11'�:="':,j_'-:.:;::.�·,····•·••··· 
; : l /
: : . =�-•- � 

'•""••••":'"'" '"••••rn .. •/••••••- .. 

•-t
t··�--�..:r·r-.. --.... t :::t;'t� l 

. . . ,,I .1-1.1 .. L.l.1 . .  1,,.,,.,L.,.,_,.. •. ,."",lr- --, rl·rr:Th ln·r1,r.t{� , ..J .... 1..., .. LJ.,_.1.J. 

3.3 3.2 3.1 3.0 
Cell Index 

2.9 2.8 

Time 
(Min) 

10 

09 

08 

07 

06 

05 

Time 
(Min) 

213



FIG.10B 

Analysis of drugs which increase heart rate and cardiomyocyte beating 
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FIG. llA 

Sotalol 33.3 uM (0.033% DMSO) 
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FIG. 11B 
Astemizole 400 nM (0.004% DMSO) 
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FIG. UC 

Terfenadine 200 nM (0.065%DMSO) 
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FIG. 11D 

Erythromycin 13.3 uM (0.13% DMSO) 
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FIG. llE 
Moxitloxacin 20 uM (0.3% DMSO) 
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FIG. llF 

Pentamidine 20uM (0.2%DMSO) 
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FIG. llG 
Amitriptyline 4.4uM(0.04 % DMSO) 
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FIG. llH 

Verapamil 130 nM (0.0013% DMSO) 
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FIG. 111 

Rosiglitazone 13.3 uM (0.13% DMSO) 
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FIG. llJ 

Rofecoxib 13.3 uM 
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FIG. llJ (continued) 
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FIG.UK 

Celecoxib 4.4 uM 
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FIG. llL 
Doxirubicin 40 uM (0.4% DMSO) 
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FIG. llM 
Cyclosporine A 13.3uM (0.13% DMSO) 
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FIG. llN 
Propranolol 4.4uM (0.04% DMSO) 
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FIG. 110 

E40319.1 nM 

2:06 

I :21 

3.0 

2.0 

Time 
(Hour) 

1.0 

0.0 

2.90 2.78 2.66 2.54 2.42 2.30 2.18 2.06 1.94 1.82 1.70 

Cell Index 

2.3 2.2 

2.9 2.8 

2.1 
Cell Index 

2.7 2.6 
Cell Index 

2.0 

2.5 2.4 

1:48 

1:47 

1:46 

1:45 

1:44 

1:43 

11 

JO 

09 

08 

07 

06 

Time 
(Min) 

Time 
(Min) 

230



FIG. llP 

DDT 8uM (0.08% DMSO) 
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FIG. llQ 

PCB 8uM (DMSO 0.08%) 
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FIG. HR 
Endosulfan 8uM (0.08% DMSO) 
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FIG. 11S 

DMSO 0.13% 
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FIG.12 

Cardiotoxic Patterns 
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FIG, 13. 
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Office Action Summary 

Application No. 

12/435,569 

Examiner 

SHANNON JANSSEN 

Applicant(s) 

WANG ET AL. 

Art Unit 

1636 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 
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Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 

earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 19 October 2009. 

2a)O This action is FINAL. 2b)IZI This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on

__ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 G.D. 11, 453 O.G. 213. 

Disposition of Claims 

5)1Zl Claim(s) 1-39 is/are pending in the application.

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6)0 Claim(s) __ is/are allowed.

7)0 Claim(s) __ is/are rejected.

8)0 Claim(s) __ is/are objected to.

9)[8J Claim(s) 1-39 are subject to restriction and/or election requirement.

Application Papers 

10)0 The specification is objected to by the Examiner.

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

12)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)O All b)O Some * c)O None of:

1.0 Certified copies of the priority documents have been received.

2.0 Certified copies of the priority documents have been received in Application No. __ .

3.0 Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)). 

*See the attached detailed Office action for a list of the certified copies not received.
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1) 0 Notice of References Cited (PTO-892)
2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948)
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4) 0 Interview Summary (PTO-413)
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application
6) 0 Other: __ . 
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Application/Control Number: 12/435,569 

Art Unit: 1636 

DETAILED ACTION 

Claims 1-39 are currently pending. 

Election/Restrictions 

Restriction to one of the following inventions is required under 35 U.S.C. 121: 

Page 2 

I. Claims 1-15, drawn to a system, classified in class 435, subclass 288.3. Note: it is

unclear if instant claims 1-15 are directed to an apparatus or a product and have

been interpreted as an apparatus. Clarification is requested.

II. Claims 17-23, drawn to a method for assessing and quantifying excitable cells,

classified in class 436, subclass 2.

III. Claims 24-29, drawn to a method for determining whether a compound modulates

a beating cycle, classified in class 424, subclass 93.1.

IV. Claims 30-34, drawn to a method of characterizing rhythmic beating, classified in

class 435, subclass 174.

V. Claims 35-37, drawn to a method of assessing genetic manipulation, classified in

class 506, subclass 7.

VI. Claims 38-39, drawn to a method comprising determining a characteristic such as

cell attachment and cell growth, classified in class 324, subclass 600.

The inventions are independent or distinct, each from the other because: 

Inventions I and II-VI are related as process and apparatus for its practice. The 

inventions are distinct if it can be shown that either: ( 1) the process as claimed can be practiced 
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by another and materially different apparatus or by hand, or (2) the apparatus as claimed can be 

used to practice another and materially different process. (MPEP § 806.05(e)). In this case the 

apparatus as claimed can be used to practice another and materially different process. For 

example, the apparatus as claimed could be used in any of the methods of Groups II-VI or as a 

biosensor for detection of a particular molecule, such as a protein or antibody, in a solution. 

Claim 16 link( s) inventions II-VI. The restriction requirement between the linked 

inventions is subject to the nonallowance of the linking claim(s), claim 16. Upon the indication 

of allowability of the linking claim(s), the restriction requirement as to the linked inventions 

shall be withdrawn and any claim(s) depending from or otherwise requiring all the limitations of 

the allowable linking claim(s) will be rejoined and fully examined for patentability in accordance 

with 37 CPR 1.104 Claims that require all the limitations of an allowable linking claim will 

be entered as a matter of right if the amendment is presented prior to final rejection or allowance, 

whichever is earlier. Amendments submitted after final rejection are governed by 37 CPR 1.116; 

amendments submitted after allowance are governed by 37 CPR 1.312. 

Applicant(s) are advised that if any claim presented in a continuation or divisional 

application is anticipated by, or includes all the limitations of, the allowable linking claim, such 

claim may be subject to provisional statutory and/or nonstatutory double patenting rejections 

over the claims of the instant application. Where a restriction requirement is withdrawn, the 

provisions of 35 U.S.C. 121 are no longer applicable. In re Ziegler, 443 F.2d 1211, 1215, 170 

USPQ 129, 131-32 (CCPA 1971). See also MPEP § 804.01. 

Inventions II-VI are directed to related Methods. The related inventions are distinct if: (1) 

the inventions as claimed are either not capable of use together or can have a materially different 
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design, mode of operation, function, or effect; (2) the inventions do not overlap in scope, i.e., are 

mutually exclusive; and (3) the inventions as claimed are not obvious variants. See MPEP § 

806.05(j). In the instant case, the inventions as claimed have a materially different design, mode 

of operation, function, or effect. For example, the methods of Group II require impedance 

measurements at less than 300, 100, 40, or 10 milliseconds apart, which the methods of Groups 

III-VI do not require. The methods of Group III require adding a compound suspected of

modulation of the beating cycle to a first of two wells to provide a test well, which the methods 

of Groups II and IV -VI do not require. The methods of Group IV require determining a plurality 

of beating cycle peaks in a time unit by determining a rise in impedance and a decay in 

impedance and extrapolating a peak from each rise and decay, which are not required by the 

methods of Groups II-III and V-VI. The methods of Group V require adding mutated embryonic 

stem cells to a first well of at least two wells to form a test well, which the methods of Groups II­

IV and VI do not require. The methods of Group VI require monitoring impedance of one or 

more wells over a first time period, which is characterized as a longer time period comprising 

seconds, minutes, or hours, which the methods of Groups II-V do not require. Furthermore, the 

inventions as claimed do not encompass overlapping subject matter and there is nothing of 

record to show them to be obvious variants. 

Restriction for examination purposes as indicated is proper because all these inventions 

listed in this action are independent or distinct for the reasons given above and there would be a 

serious search and examination burden if restriction were not required because one or more of 

the following reasons apply: 
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(a) the inventions have acquired a separate status in the art in view of their different

classification; 

(b) the inventions have acquired a separate status in the art due to their recognized

divergent subject matter; 

( c) the inventions require a different field of search (for example, searching different

classes/subclasses or electronic resources, or employing different search queries); 

(d) the prior art applicable to one invention would not likely be applicable to another

invention; 

(e) the inventions are likely to raise different non-prior art issues under 35 U.S.C. 101

and/or 35 U.S.C. 112, first paragraph. 

Applicant is advised that the reply to this requirement to be complete must include 

(i) an election of a invention to be examined even though the requirement may be traversed (37

CPR 1.143) and (ii) identification of the claims encompassing the elected invention. 

The election of an invention may be made with or without traverse. To reserve a right to 

petition, the election must be made with traverse. If the reply does not distinctly and specifically 

point out supposed errors in the restriction requirement, the election shall be treated as an 

election without traverse. Traversal must be presented at the time of election in order to be 

considered timely. Failure to timely traverse the requirement will result in the loss of right to 

petition under 37 CPR 1.144. If claims are added after the election, applicant must indicate 

which of these claims are readable on the elected invention. 

If claims are added after the election, applicant must indicate which of these claims are 

readable upon the elected invention. 
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Should applicant traverse on the ground that the inventions are not patentably distinct, 

applicant should submit evidence or identify such evidence now of record showing the 

inventions to be obvious variants or clearly admit on the record that this is the case. In either 

instance, if the examiner finds one of the inventions unpatentable over the prior art, the evidence 

or admission may be used in a rejection under 35 U.S.C. 103(a) of the other invention. 

Potential Rejoinder 

The examiner has required restriction between product and process claims. Where 

applicant elects claims directed to the product, and the product claims are subsequently found 

allowable, withdrawn process claims that depend from or otherwise require all the limitations of 

the allowable product claim will be considered for rejoinder. All claims directed to a nonelected 

process invention must require all the limitations of an allowable product claim for that process 

invention to be rejoined. 

In the event of rejoinder, the requirement for restriction between the product claims and 

the rejoined process claims will be withdrawn, and the rejoined process claims will be fully 

examined for patentability in accordance with 37 CPR 1.104. Thus, to be allowable, the rejoined 

claims must meet all criteria for patentability including the requirements of 35 U.S.C. 101, 102, 

103 and 112. Until all claims to the elected product are found allowable, an otherwise proper 

restriction requirement between product claims and process claims may be maintained. 

Withdrawn process claims that are not commensurate in scope with an allowable product claim 

will not be rejoined. See MPEP § 821.04(b). Additionally, in order to retain the right to rejoinder 

in accordance with the above policy, applicant is advised that the process claims should be 
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amended during prosecution to require the limitations of the product claims. Failure to do so 

may result in a loss of the right to rejoinder. Further, note that the prohibition against double 

patenting rejections of 35 U.S.C. 121 does not apply where the restriction requirement is 

withdrawn by the examiner before the patent issues. See MPEP § 804.01. 

Applicant is reminded that upon the cancellation of claims to a non-elected invention, the 

inventorship must be amended in compliance with 37 CPR 1.48(b) if one or more of the 

currently named inventors is no longer an inventor of at least one claim remaining in the 

application. Any amendment of inventorship must be accompanied by a request under 37 CPR 

1.48(b) and by the fee required under 37 CPR 1.17(i). 

Future Communication 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SHANNON JANSSEN whose telephone number is (571)270-

1303. The examiner can normally be reached on Monday-Friday 10:00AM-7:00PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Ardin Marschel can be reached on (571) 272-0718. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Shannon L Janssen 

SLJ 

/CHRISTOPHER M GROSS/ 
Primary Examiner, Art Unit 1636 
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Patent 
Attorney Docket No: ACE-134Ul 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: ) 
) 

Wang et al ) 
) 

Application Number: 12/435,569 ) 
) 

Filed: May 5, 2009 ) 
) 

For: LABEL-FREE MONITORING OF ) 
EXCITATION-CONTRACTION ) 
COUPLING AND EXCITABLE CELLS ) 
USING IMPEDANCE BASED SYSTEMS ) 
WITH MILLISECOND TIME ) 
RESOLUTION ) 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Examiner: Shannon Janssen 

Group Art Unit: 1636 

Response to Restriction Requirement 

Sir: 

Applicant is responding to the Office Action mailed September 27, 2011. A 

shortened statutory period for reply is set to expire 1 month from the mailing date of the 

Office Action. Applicants are responding within five months of the mailing date. Thus, 

a request for a four month extension of time is provided herewith under 37 CFR 1.136(a). 

Amendments to the claims begin on page 2 of this paper. 

Remarks / Arguments begin on page 10 of this paper. 
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Amendments to the Claims 

Changes to the claims are provided in the below listing of the claims for the convenience 

of the examiner. 

Listing of Claims 

(Original) A system for monitoring impedance of excitable cells in 

vitro, comprising: 

a) a device for monitoring cell-substrate impedance, comprising

i) a nonconductive substrate;

ii) one or more electrode arrays fabricated on said substrate;

iii) one or more wells on said substrate, wherein each of said

one or more arrays is associated with one of said one or more wells; 

wherein each electrode array is individually addressable, further wherein 

said substrate has a surface suitable for cell attachment, wherein said cell 

attachment on said substrate can result in a detectable change in 

impedance between electrodes within each electrode array; 

b) an impedance analyzer capable of impedance measurement at

millisecond time resolution; 

c) electronic circuitry that can engage said device and selectively

connect said two or more electrode arrays of said device to said impedance 

analyzer; and 

d) a software program that controls said electronic circuitry and

records and analyzes data obtained from said impedance analyzer. 

2. (Original) The system according to claim 1, wherein each of said 

electrode arrays comprises two electrode structures having substantially a same surface 

area. 

2 
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3. (Original) The system according to claim 2, wherein said electrode 

structures are each constructed from a material selected from the group consisting of 

metal, gold, platinum, titanium and chromium. 

4. (Original) The system according to claim 2, wherein said electrode 

structures have a width between 20 microns and 500 microns. 

5. (Original) The system according to claim 2, wherein a gap between 

electrode structures within each electrode array is between 5 microns and 100 microns. 

6. (Original) The system according to claim 1, wherein each electrode 

array is organized in a configuration selected from the group consisting of interdigitated, 

circle-on-line, diamond-on-line, concentric, sinusoidal, and castellated. 

7. (Canceled)

8. (Canceled)

9. (Canceled)

10. (Canceled)

11. (Original) The system according to claim 1, wherein said impedance 

measurement at millisecond time resolution comprises at least two consecutive 

impedance measurements are less than 100 milliseconds apart. 

12. (Original) The system according to claim 11, wherein said at least two 

consecutive impedance measurements are less than 40 milliseconds apart. 

13. (Original) The system according to claim 12, wherein said at least two 

consecutive impedance measurements are less than 20 milliseconds apart. 

3 
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14. (Original) The system according to claim 13, wherein said at least two 

consecutive impedance measurements are less than 10 milliseconds apart. 

15. (Canceled)

16. (Original) A method for assessing and quantifying excitable cells in 

vitro, comprising 

a) providing the system according to Claim 1;

b) adding excitable cells to said one or more wells;

c) monitoring impedance of said one or more wells using millisecond

time resolution; and 

d) resolving individual cycles of said excitable cells.

17. (Original) The method according to claim 16, wherein said excitable 

cells are cells undergo excitation-contraction coupling. 

18. (Original) The method according to claim 17, wherein said excitable 

cells are cardiomyocytes. 

19. (Original) The method according to claim 16, wherein the step of 

monitoring impedance comprises performing impedance measurements at millisecond 

time resolution simultaneously across all wells. 

20. (Original) The method according to claim 19, wherein said impedance 

measurements at millisecond time resolution comprises at least two consecutive 

impedance measurements at less than 300 milliseconds apart. 

21. (Original) The method according to claim 20, wherein said at least 

two consecutive impedance measurements are less than 100 milliseconds apart. 
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22. (Original) The method according to claim 21, wherein said at least 

two consecutive impedance measurements are less than 40 milliseconds apart 

23. (Original) The method according to claim 22, wherein said at least 

two consecutive impedance measurements are less than 10 milliseconds apart. 

24. (Currently amended) A method of determining whether a compound

modulates a beating cycle of an excitable cell, comprising: 

a) providing the system according to claim 1, wherein said system

comprises at least two wells; 

b) adding excitable cells to said at least two wells;

c) monitoring impedance of said at least two wells using millisecond

time resolution; 

d) adding a compound suspected of modulation of the beating cycle

to a first of said at least two wells to provide a test well, wherein a second well 

lacking JLCOmpound that modulates the beating cycle is provided as a control 

well; 

e) resolving the beating cycles of both test well and control well; and

d) comparing said beating cycles between said test well and control

well, wherein a difference in beating cycles indicates said compound modulates 

the beating cycle of the excitable cell. 

25. The method according to claim 24, wherein the excitable cells are

cardiomyocytes or embryonic stem cell derived cardiomyocytes. 

26. (Original) The method according to claim 24, wherein said beating 

cycles are compared to identify changes in beating amplitude. 

27. (Original) The method according to claim 24, wherein said beating 

cycles are compared to identify changes in beating frequency. 
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28. (Original) The method according to claim 27, wherein said changes in 

beating frequency are regular changes or irregular changes. 

29. (Original) The method according to claim 24, further comprising 

determining a cell index for each of said test well and control well, wherein the step of 

comparing said beating cycles comprises comparing said cell indexes between test well 

and control well.• 

30. (Original) A method of characterizing rhythmic beating of a 

cardiomyocyte comprising: 

a) providing the system according to claim 1;

b) adding excitable cells to said one or more wells;

c) monitoring impedance of said one or more wells in millisecond

time resolution; and 

d) determining a plurality of beating cycle peaks in a time unit; and

e) comparing amplitude or frequency of said peaks over said time

unit. 

31. (Original) The method according to claim 30, wherein the step of 

determining a plurality of beating cycle peaks comprises determining a rise in impedance 

and a decay in impedance and extrapolating a peak from each rise and decay. 

32. (Original) The method according to claim 30, further comprising 

determining a cell index for each of said one or more wells, wherein the step of 

determining a plurality of beating cycle peaks comprises for each cycle determining a rise 

in cell index, a decay in cell index and extrapolating each peak from each rise and decay. 

33. (Original) The method according to claim 30, wherein beating cycle 

peaks are determined by identifying impedance data points at which the first order 

derivative to time is zero or close to zero. 

6 
260



34. (Original) The method according to claim 30, further comprising 

monitoring impedance of said one or more wells over seconds, minutes or hours, 

optionally wherein said monitoring of impedance in millisecond time resolution is 

performed within said monitoring over seconds, minutes or hours. 

35. (Original) A method of assessing genetic manipulation of an 

embryonic stern cell, comprising: 

a) providing the system according to claim 1, wherein said device

comprises at least two wells; 

b) mutating embryonic stern cells to comprise a genetic mutation;

c) adding said mutated embryonic stern cells to a first well of said at

least two wells to form a test well and control embryonic stern cells to a second of 

said at least two wells to form a control well; 

c) monitoring impedance of said at least two wells in millisecond

time resolution; and 

e) resolving the beating cycles of both test well and control well, if

any;and 

d) comparing said beating cycles between said test well and control

well, wherein a difference in beating cycles indicates said genetic mutation 

modulates embryonic stern cell differentiation. 

36. (Original) The method according to claim 3 5, wherein said embryonic 

stern cell differentiation is differentiation into a cardiornyocyte. 

37. (Original) The method according to claim 35, wherein said genetic 

mutation is selected from the group consisting of a genetic knock out, a knock down and 

an inserted transgene. 
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38. (Original) A method for assessing and quantifying excitable cells in 

vitro, comprising 

a) providing the system according to claim 1;

b) adding excitable cells to said one or more wells;

c) monitoring impedance of said one or more wells over a first time

period, which is characterized as a longer time period comprising seconds, 

minutes or hours; 

d) monitoring impedance of said one or more wells over a second

time period in millisecond time resolution; 

e) determining a characteristic selected from the group consisting of

cell attachment, cell growth and cell viability from monitoring over said first time 

period; and 

f) resolving individual cycles of said excitable cells from monitoring

over said second time period. 

39. (Original) The method according to claim 38, wherein monitoring 

impedance over said second time period is performed at regular or irregular time intervals 

within monitoring impedance over said first time period. 

40. (New) The method according to claim 24, wherein the step of monitoring

impedance using millisecond time resolution comprises obtaining at least two 

consecutive impedance measurements at less than 300 milliseconds apart. 

41. (New) The method according to claim 40, wherein said at least two

consecutive impedance measurements are less than 100 milliseconds apart. 

42. (New) The method according to claim 41, wherein said at least two

consecutive impedance measurements are less than 40 milliseconds apart 

43. (New) The method according to claim 42, wherein said at least two

consecutive impedance measurements are less than 10 milliseconds apart. 

8 
262



44. (New) The method according to claim 24, wherein the step ofresolving

the beating cycles comprises determining a rise in impedance and a decay in impedance, 

and extrapolating a peek from each rise and decay. 

45. (New) The method according to claim 24, wherein the step ofresolving

cell beating cycles comprises determining beating cycle peaks by identifying impedance 

data points at which the first order derivative to time is zero or about zero. 
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