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Introduction

Description

Intact Muscle Systems are useful for simultaneous recording of contractile force and Ca?* handling
characteristics in intact muscle preparations, like cardiac papillary muscles or living myocardial slices, with
dimensions of millimeters to centimeters. To call the muscle ‘intact’ means that the cell membranes are
excitable, and electrical stimulation will elicit Ca?* release into the cytosol of the muscle cells leading to force
production and muscle contraction.

The most notable components are (i) the force transducer, (ii) the length controller, and (iii) the chamber,
which allows for submersion of the muscle in solution.

Features
A. Muscle types. The muscle chamber is designed to be used for intact, excitable muscles up to 2 cm in
length:

Cardiac slices (mouse, rat, rabbit, cat, dog, pig, human)

Cardiac papillary muscle (mouse, rat, rabbit, cat, dog, pig)

Cardiac endocardial strips or trabeculae (mouse, rat, rabbit, cat, dog, pig, human)

Cardiac epicardial strips (mouse, rat, rabbit, cat, dog, pig, human)

Skeletal muscles, e.g., soleus, extensor digitorum longus (EDL), gastrocnemius, cremaster (mouse, rat)

o Uk wnNRE

Bioengineered muscle from stem cells (all types)

B. Stimulation through platinum clips/electrodes. Stimulation of linear muscle samples (2-5 above) is elicited

by passing electrical current directly through the sample, therefore guaranteeing the highest probability of
eliciting a contraction. The other two sample types (1 and 6 above) are best excited with field electrodes.

C. Simultaneous force and fluorescence recordings. A clear cover slip forms the bottom of the chamber and,

if placed on an inverted microscope fitted with a long working distance objective, allows fluorescence light
detection. It should be noted that the muscle will be placed 1-2 mm above the surface of the cover slip,
therefore the objective should have a working distance greater than ~1.5 mm.
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Hardware

The following sections describe the hardware aspects of the Intact Muscle System. The hardware
discussion is broken into the following sections:

e Force Transducer

e Front and Back Panel Controls for Force Transducer Bridge Amplifier
e Voice Coil Motor

e Front Panel Connections for Motor Controller

e Length Adjustment

e Chamber Attributes and Fluid Height Adjustment

Pedestal for Length 4+— Manual Micromanipulator

Controllers Coarse Length Controller

Pedestal for Force
Transducer \

Force Transducer
Holder

Adapter Plate

Fine Length Controller

Electrically Insulated Holder
for Platinum Hook/Electrode

Baseplate

Force Transducer

Chamber

Aspirator height adjuster

Fluid flow inlet and outlet

\ L‘_

Force Transducer
The force transducer arrives preassembled. The KoForce headstage has a length of stainless steel tubing that
holds a platinum rod bent to form a hook.

IMPORTANT: Make sure the hook is oriented such that a pull on the hook will be recorded as a positive
deflection by the force transducer. The wire that extends from the body is visible from the front (see photo
below).

The force transducer was designed by Dr. Konrad Gith at Myotronic, Heidelberg, Germany. Dr. Giith
developed many of the techniques and instruments used in the field of muscle research.

His force transducer is especially useful for two reasons. First, it is based on detecting the deflection of a
mechanical lever using an LED light source and light sensor. It is that simple. It is also electrically isolated
from the cantilever, which can now be used to pass current for stimulation of the muscle sample. Second,
this design is robust, meaning the force transducer is difficult to physically break. That is an important
feature when you consider that the experimentalist must load the muscle sample delicately.



The force transducer has been calibrated at our factory location. Refer to force calibration spreadsheet
provided with the bridge amplifier for the actual values of the calibration in units of mN / V. We recommend
that the user recalibrates the force transducer at least once per year, or more often if it is subject to
frequent use. The section in this manual entitled Calibrating the Force Transducer will guide the user

through the recalibration when needed.

Correct orientation: wire (yellow arrow above) is facing the front of the
chamber and visible.
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Force Transducer Bridge Amplifier

Front Panel

Back Panel

The above figures show the front and back panel of the KoForce Transducer Bridge Amplifier. The
individual areas highlighted in the figure are:

Course Offset Setting
Offset Indicator Lights
Fine Offset Setting
Power Plug and Fuse

A. Output BNC Jack
Force Transducer Connector

o m

Power Switch
Gain Setting
Overload Indicator Light

moow

Each area is further discussed below.



Output BNC Jack

This BNC jack provides the voltage that represents the force detected
by the transducer. Connecting this jack to an oscilloscope or A/D
converter allows the user to monitor and record the force in real time.

Force Transducer Connector

This seven pin male connector accepts the female counterpart
attached to wires that run to the force transducer.

Power Switch

Turn on the power to the bridge amplifier using this power switch on
the front panel. When the light is on, the bridge amplifier is operating.

Gain Setting and Overload Indicator Light

The gain setting knob allows the user to choose the amplification (1-
50 X) applied to the force signal. When the overload indicator light is

on, the gain is too high to record the force. The best remedy is to
reduce the gain setting.
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Course Offset Setting and Offset Indicator Lights

Fine Offset Setting

Power Plug and Fuse

At the start of making a measurement, it is important to set the offset that
corresponds to zero force. Typically, the muscle is placed on the hooks, but
slack with no tension. The offset indicator lights guide the proper setting. If
the indicator lights show ‘low’, then turn the knob up (clockwise) until
neither light is on or until the ‘high’ light comes on. At that point, adjust the
fine offset setting. If the indicator lights show ‘high’ at the start, then turn
the knob down until neither light is on or the ‘low’ light comes on. Again, at
that point, adjust the fine offset setting.

The fine offset knob is adjusted to assure that the force transducer is
indicating zero force when force transducer has a muscle loaded, but there
is no contractile force applied. After having adjusted the coarse offset,
adjust the fine offset until zero volts are registered. The user will need some
way to detect the voltage, either a voltmeter, oscilloscope, or lonWizard.

The power cord is plugged into the receptacle. The factory will have set the
receptacle for 120 V or 240 V depending on your country. The fuse housing
holds a 1.6 A fuse.




Voice Coil Motor

The motor (model V-522 by Physik Instrumente) is called a ‘voice coil’ motor because it is driven by
electromagnets like those used in speakers and microphones. Magnetic control allows for very fast
translations. The motor provided with the system has a 5 mm range (-2.5 mm to +2.5 mm from its center
position) and can move as quickly as 250 mm/s.

The resolution of the V-522 is 20 nm.

This voice coil can be controlled by an analog voltage (1 mm / V), where positive voltages correspond to
muscle lengthening.

The position of the voice coil is similarly monitored using an analog voltage (1 mm / V).

Additional specifications can be found on the V-522 datasheet.
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Motor Controller

The above figure shows the front panel of the TMC100 Tissue Motor Controller. The individual
areas highlighted in the figure are:

A. Motor Connector

B. Analog Input BNC Connector
C. Analog Output BNC Connector
D. Power Switch

Motor Connector

Connect the motor cable to the Motor Connector (15-pin DSUB). Be sure to
tighten both anchoring screws securely.

Analog Input BNC Connector

This BNC jack connection allows for analog control of the target motor
position. It should be connected via a BNC cable to a digital-to-analog BNC
jack on the Fluorescence System Interface front panel (see Assembling the
System for more detailed instructions).




Analog Output BNC Connector

This BNC jack connection allows for monitoring the actual motor position in
real time. It should be connected via a BNC cable to an analog-to-digital BNC
jack on the Fluorescence System Interface front panel (see Assembling the
System for more detailed instructions).

= " Turnonthe power to the motor controller using this power switch on the
. front panel. When the light is on, the motor is operating.

THE BLUE FACE (OR TABLE) WILL
MOVE RAPIDLY BACK AND FORTH
WHEN POWER IS APPLIED.

STAY CLEAR!
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Manual Length Adjustment

The manual micromanipulator can be turned to translate
the motor assembly 12.5 mm in both directions from its
center position. The total travel possible is 25 mm.

Turn the thumb screw here. The motor assembly
including the hook will be translated. If a muscle is
attached to the hook, it is highly recommended that the
screw be turned slowly.

If the user finds that they are consistently using short
muscles, it may be worthwhile to adjust the position of
the beak to accommodate shorter muscles. Conversely, if
the user is consistently using long muscles, adjust the
beak to accommodate longer muscles.



Chamber Attributes and Fluid Height Adjustment

There are two types of chambers available. One is a narrow chamber (left) and assumes electrical
stimulation will be passed through the platinum hooks. This is especially useful for cardiac papillary muscle
and small skeletal muscles (e.g., from mice or rats) that can be shorter than 20 mm tendon to tendon. The
other is a wide chamber (right) designed for cardiac slices and other wider tissue preparations. These
preparations are usually around 10 mm wide and 10 mm long. This wider chamber comes with bath

electrodes for field stimulation.

65 mm
25 mm 65 mm
£
£ £ £
S s 2
[Tp]
35mm
Aspirator Height Adjuster Screw Aspirator Height Adjuster Screw

Both chambers utilize an aspirator height adjuster to define the height of the fluid in the chamber. Turn the
screw, and the aspirator height will raise or lower.

Repair of Coverslip

The chamber features a main rectangular opening where the sample will be examined, and two circular side
openings, which permit smoother fluid flow. A no 1 or 1.5 thickness coverslip (45 mm x 50 mm) is glued
(silicon glue) onto the bottom of the chamber to provide a bottom to all the openings.

The Delrin chamber will not likely break, but the coverslip might break or become unglued. A few extra 45

mm x 50 mm coverslips are provided for this eventuality.
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In case the coverslip breaks, or the solution begins to leak
from under the coverslip, the user must replace the
coverslip.

(The wide chamber is used as an example here for
removing the coverslip, but the process is the same for
the narrow chamber.)

First, gather the following: leaky chamber, replacement
coverslips, razor blade, small wooden stick, clear silicone
glue (aquarium glue will also do), and paper towel.




The narrow chamber is shown here as an example for regluing a coverslip. Apply silicon glue to the bottom.

Cover about 10 mm from the inside edges. Keep glue out of channel spaces and away from outside edges.
Carefully place the 45 x 50 mm coverslip to cover the bottom.

Make sure the coverslip does not reach over the outside edges. Push the coverslip down carefully using the
back of the forceps to ensure it is glued at all possible areas.

b
S

1

3

[+ i
E
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Clean up any glue hanging over the outside edge. Some glue is expected to squeeze under the inside edge

and is acceptable.

Make sure channels
are clear of glue.

Acceptable amount
of glge here.

Let this chamber sit 24 hours to allow the glue to cure.

Fluid Flow Accessories

Hypodermic stainless steel tubing (20 G, 25 mm long) can be bent to dip into the side chambers and allow

for fluid flow.

Tygon tubing, 0.8 mm ID (1/32”), 2.4 mm OD (3/32”), 0.8 mm wall (1/32”) is good for fitting the 20 G tubing

into a fluid flow circuit.

Blunt hypodermic stainless steel needle (18 G or 20 G, 25 mm long) is used to establish fluid flow. The lure
lock fitting makes it easy to attach to the perfusion system (not provided by lonOptix).



Calibrating the Force Transducer

There may come a time when you want to double-check the force transducer calibration. This may
happen if the force transducer has been bumped calling the calibration into question, or if it has
been used frequently or for an extended period of time.

First, you will need calibration weights.

Take a standard paper clip and cut into
different lengths from 5-30 mm long.
Straighten and bend the pieces to make at

’

least five different sized ‘shepherd crooks.

A
100 10 120

'i‘;IJ il it

SEARE e

Now, weigh each of these pieces using the
laboratory scale.

The pieces should range from 20 mg to as much as 200 mg, which corresponds to roughly 0.2 mN
to 2 mN of force, respectively. If you expect higher forces from your muscle samples, then make
additional heavier weights.

Use a voltmeter to monitor the output signal voltage from the KoForce amplifier (see pics below).

This is the setup for calibrating the force transducer. Place the force transducer so that gravity pulls
on the hook in the same direction that a muscle would pull on the hook. You do not need a special
jig like that shown in the photos. The force transducer just needs to be flat and stabilized. A book
could be used to stabilize the body of the force transducer.
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It is particularly important that the transducer is
oriented as shown to ensure a positive voltage.

Note that the hook is flat and pointed to the right. The
wire at the top is also oriented to the right.



Get out the weight standards and write the weights on
the piece of paper. Create columns for the appropriate
gains.

Set the KoForce gain to the appropriate
setting (typically 5x and 10x).

When the red light indicates HIGH, the
offset is too high.

When the red light indicates LOW, the
offset is too low.

Turn the course knob until the indicator
lights are off, or when one turn
immediately switches the other indicator
light.

Adjust the fine offset until both red lights
are off, and the voltmeter reads a value
closeto O V.

Intact Muscle System Calibrating the Force Transducer o 21



Let everything sit for at least 20 min to reach a temperature equilibrium. When you return, check the
voltage for stability. When stable, bring the first weight just above the hook.

DO NOT PLACE IT ON THE HOOK.

Retract the forceps and let it drop onto the hook.

Open the forceps and let the
weight drop onto the hook.

Read the voltage and write it down next to the relevant weight.

Now take off the weight by pushing it off carefully with the
forceps.

DO NOT GRAB THE WEIGHT when it is on the hook. Let it fall to the
table.

Read the voltage with weight off and record the background voltage.




Repeat for every weight at every gain setting. Note that the background voltage as well as each weight and
measured voltage will be entered into the spreadsheet.

Put these values into the KoForce Calibration Worksheet (click the previous link to download or go to the
lonOptix Resource Library and search “calibration”). The spreadsheet will automatically create the graphs
for 5X and 10X. The plots should be straight lines. The absolute value of the error should be small, less than
3% error between the two measurements. If the graphs are not straight or the error is more than 3%,

perform the calibration again.

A| B C D | E F G H I

1 |Force Transducer Calibration
P

Update values in black boxes below

3
4 Put today’s date and your initials in
6 the upper-left-hand corner.
7 [sx 10X
8 ——\oVtol___LV diff Q |V diff
9 0.01 o.074 IR . . 0.15
10 0.08 o.1s R : ) 0.312 Enter the weights, background
11 g 0.012 ¥2  0.228) . 0.678 .
= 0.005 ‘ _ 185 voltages, and weighted voltages.
13 e/ — N— W —
¥ V at 5X V at 10X
15| os 15
16| 05 _.-',
17| o4 1 -4
13| 03 <+—— Plots are automatically generated.
e .-
19/ 02 A 05 e
20| 01 .‘_‘0-. ..r""
2| 0 — 0
0 100 200 300 0 50 100 150 200 250
2
23
24 | predicted values based on 10x
25 at 50x cal [__0.33[] 5X 10X
26 mN/V mg V at 5X mg Vatl0X
27 24 0.064 24 0.15
28 at20x cal (o34] 54 01 54 0312 Measured calibration values are
29 mN/V] 91 0.228 91  0.678 . ) ) ]
30 199 0.561 199 1.145 shown in red; predlcted calibration
31 at10X cal 1.67] ] .
32 mN/V| slope 335.92|slope 170.4939 vaIues are Shown n purple'
33 mg/V mg/V|
34| atsx cal [_328]) calmn/v 328
35 | mN/V| error % -1.49%
36 <3% errorypass < Error is displayed as pass/fail
37 at2Xx cal | 8.363 Sensitivity|pass o
38 mN/V] (<3% = pass).
39 |
40 at1x cal (1672
a1 mN/V]

Save and print the spreadsheet sheet for later reference. Enter the calibration values into the appropriate
corresponding tasks within lonWizard.
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Assembling the System

-

(1 count) 8-32 x 1/2” socket head
9/64” hex wrench

Slightly forward

Place the voice coil pedestal flat on the table.
Align the pins on the baseplate with the holes
in the bottom of the pedestal. Attach the
voice coil pedestal to the baseplate with the
screw.

Put the chamber into the baseplate. If using
the wide chamber (inset), the chamber will
look a little different compared to the photos.

If necessary, adjust the manual
micromanipulator a little forward (~4-12 mm)
from its center position to assure later ease
of assembly.

Remove the guard from the voice coil.




2-56 x 3/16” Button Head
0.050” hex wrench
Used to connect to stimulator

0-80 x %4” Socket cap
0.050” hex wrench
Used to secure hook

The beak will arrive like this with the brass
holder/hook secured high.

Using a 0.05” hex wrench, loosen the brass
holder and slide the brass holder/hook 15-20
mm lower in the slot.

2-56 x 3/16” Button Head
0.050” hex wrench
Used to secure brass holder

Attach the beak to the voice coil with the two
M3 screws.

Place the beak as high as possible on the
voice coil.
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Make sure the force transducer holder
is as high as possible on its pedestal.

Attach the force transducer pedestal onto the
baseplate.

Place the force transducer into its holder.
Make sure the hook is facing up.




Intact Muscle System

Secure the screws of the chamber.

Adjust the brass hook holder on the motor
side until the hook is about 1 cm from the
other hook. Then adjust the black beak
position until the hook is 1 mm above the
glass coverslip.

Adjust the force transducer holder position
until the hook is 1-2 mm above the glass
coverslip. BE VERY CAREFUL not to hit the
glass with the hook.
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Adjust the position of the force transducer
pedestal to assure that the hooks line up in
parallel with the long axis of the chamber.

Finished assembly of the chamber and other
components on the baseplate should look
like one of these photos.




The electronics to be connected to the
chamber components are:

KoForce Bridge Amplifier
MyoPacer Stimulator
Fluorescence System Interface (FSI)

oo w®p

Tissue Motor Controller

e
- 2

Attach motor cable to MOTOR connector
of the Tissue Motor Controller.
Important: make sure to screw in the
connector securely.

——

glél

Tissue ig#or Controller
TMC 100480

O P T | X o~ PMT = INPUT SECTION

Fluorescence System Interface

-
\';

Attach a BNC cable to the motor
controller INPUT jack. Attach the
opposite end to an FSI OUTPUT BNC jack
(A1 0RA2).

Attach a 2" BNC cable to the motor
controller OUTPUT jack. Attach the
opposite end to an FSI INPUT BNC jack
(A1 -A4).

NOTE: The Voice Coil motor will
automatically zero its axis upon power
up. REMOVE GUARD BEFORE POWER UP.

Intact Muscle System
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Attach the force transducer to the
amplifier through the round INPUT
connector.

Attach a BNC cable to the KoForce
Amplifier OUTPUT BNC jack. Attach the
opposite end to an FSI INPUT BNC jack
(A1 -A4).

TON

OI=RRP e Ficld Stimulator &

ut  Trigin

& 6)@“

1 B foltage Out

POWER

Attach a BNC cable between the
stimulator Gate out (or Trigger out) and
the FSI Mark.

Attach the stimulator leads from the
stimulator to the hooks if stimulating
through the hooks or directly to the
chamber for field stimulation.

NOTE: If stimulating through the hooks,
the positive (red) lead should be attached
to the brass hook holder on the motor
side, while the negative (black) lead
should be attached to the back end of
the force transducer.




This is an example of a complete system set up on a microscope with optional LED light for calcium
detection via Cal Red™ R525/650 (AAT Bioquest).

To the left of the microscope is the PC workstation, fluorescence LED illumination and power supply,
perfusate flow heater controller, and camera and photomultiplier tubes on the microscope side port.

A chamber configured for living myocardial slices sits atop the microscope stage.

To the right of the microscope are the MyoPacer Field Stimulator (top), Tissue Motor Controller
(middle-left), KoForce Amplifier (middle-right), and Fluorescence System Interface (bottom). A
peristaltic pump (included with optional Tissue Slice Recording Accessories) is used to deliver and
remove oxygenated fluid from the chamber.
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Appendix: Troubleshooting

Below are a few potential problems and known solutions.

Problem

Solution

No Power

Make sure the power cord is plugged in firmly and connected to an active
outlet. Unplug and check fuse. If necessary, replace with 2 Amp 5x20mm slow
blow fuses.

Recorded voltage from
bridge amplifier is stable
ator near +10V

If the ‘Overload’ light is on, then turn the gain to a lower amplification setting.
If the ‘high’ is on and recorded voltage remains at +10 V, reduce the coarse
offset to a lower setting. If the ‘high’ indicator remains on even at the lowest
setting, call lonOptix for possible repair request.

Recorded voltage from
bridge amplifier is stable
atornear-10V

If the ‘low’ is on, increase the coarse offset to a higher setting and/or increase
the gain.

If the ‘low’ indicator remains on even at the highest setting, call lonOptix for
possible repair request.

Voice Coil motor is stuck at
-2.5mmor+2.5mm

To reset the voice coil motor, remove the power cord for 5 seconds. Stay clear of the
motor when the power cord is reconnected. It will move to reference itself to a starting
position in the center of its range. If it is still not center, call lonOptix for possible repair
request.
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