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Let us Be Your Partner in Discovery

We are at the dawn of an exciting new day of science—improving the lives of all humanity with
breakthroughs like pheno-genomic testing and therapy. Daily, researchers like you are discovering
new models, pathways and techniques which impact our health and our environment. These
discoveries result in life-changing—and in many cases life-prolonging—therapies and revolutionary
protocols. We are also working with researchers in monitoring environmental influences in our oceans
and streams. New surgical instruments are being created to assist in specific surgeries and diagnoses.
This year, for example, we added a new line of tools specifically for work under a microscope. They are
non-reflective and are also modified with special tips to enable surgeries in arteries and veins.

At WPI, our solutions enable pioneers on the cusp of discovery to impact the quality of life for all
of us for generations to come. WPI provides solutions for a wide range of disciplines, including
electrophysiology, molecular biology, cellular biology, surgical procedures and physiology, to advance
the life science knowledge base. As researchers continue the quest for answers to life's mysteries, we
provide the instruments to make laboratory research effective, reliable and reproducible. We aim to
be your partner in the scientific adventure and instill confidence in your journey of discovery. Your
research methods and ideas, combined with our scientists and engineers, help us develop novel
solutions for your work.

Our customers' journey of discovery, and the promise it brings of life-changing impact, inspires our
team. Let us be your research partner with quality, cost-effective instruments for wherever science

takes you.
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Products at WPI

" PINPOINT INJECTOR

MICRO-ePORE

Preliminary Design

The new MICRO-ePORE™ cell

penetrator is a simple and versatile
pin-point controlled electroporation

system that can be used for efficient
microinjection of reagents into oocytes and
pre-implantation stage mammalian embryos.
Patent pending Flutter Electrode Technology
assists in small, clean, precise membrane
penetration without tearing or damaging the
membrane. See page 42.

QUALIFIED OPTICAL FIBERS

The use of qualified optical fibers

ensures better fibers, better

assemblies, better probes. WPI excels

at making optical fibers with high batch-

to-batch performance consistency.

WPI UV fiber has industry leading

degradation resistance to deep UV

light. WPI fiber composition and

manufacturing is unique so that we

can offer you qualified and guaranteed

UV performance. Our optical fiber assemblies offer excellent optical
performance and low lot-to-lot variation for scientific and process
applications. Our manufacturing know-how and optical designs give
you the ability to order custom assemblies designed to meet the
specifications of your application. See page 162.

FLUORESCENCE PROBE

WPI offers fluorescence probes to match

your application, both single and double
emission. These probes may be used for the
detection of the transient response of free ion
concentrations, like calcium, potassium, sodium
or magnesium. Fluorescence probes can also be
designed to detect pH or membrane potential.
Auto-fluorescence like the detection of ATPase d
activity via NADH or FAD is another application.
For details, talk with a WPI application specialist.
See page 178.

OPTICAL OXYGEN SENSOR

Now you can detect oxygen in small sample in living tissues using the
phase shift between a reference signal and a measured signal. BioOXy

is a new and innovative technology for measuring oxygen in gaseous

and aqueous phase. BioOXxy is an optical oxygen sensor with important
advantages over using common Clark type electrodes. These sensors have
a rapid response time with the t,; < 3 seconds (in gas phase). No oxygen
is consumed making measurements. These sensors are perfect for
bioprocess control and making oxygen measurement in small samples.

See page 152.

TEER MEASUREMENT CHAMBERS

ﬁi

ENDOHM-12G

2
-

ENDOHM-24GSNAP

Our new EndOhm chambers are now made of glass, and the new
insert holder with 120° tri-supports can accommodate three leg inserts!
The crystal clear glass chamber allows visualization of apical electrode
positioning. See page 5.

STERILIZATION TRAYS AND BASKETS

With top quality structural
integrity, these trays are ideal
for the handling and storage
of all standard microdissection I i
and surgical instruments.
The unique “grid” design

of the base makes it easy

to install the silicone finger
mats required to protect the
delicate instruments. They
have burr-free edges, and we
offer a large selection to fit
your needs. See www.wpiinc.
com/baskets. See page 211.

ENDOHM-6G

TS

OPHTHALMIC KITS AND INSTRUMENTS
instruments each sold
CERAMIC COATED INSTRUMENTS
extremely hard ceramic material.
504487
coated anti-reflective instruments
ceramic adds a thin layer to the metal instrument, making the instrument
coating improves the instruments’ resistance to corrosion and minimizes
These instruments are much more resilient to the pressure of daily use

We offer kits for specific research and veterinary procedures. And we
have over 100 ophthalmic

separately. See www.wpiinc. m@
com/eyes. See page 198.

Our black instruments are coated

with titanium nitride (TiN), an

The TiN coating hardens and

protects the cutting edge. Ceramic

are perfect for microscopy and

microsurgical applications. Coating surgical instruments with a black
harder and giving you greater precision. This anti-glare surface minimizes
reflections off the surface of your instruments. The incredibly smooth
friction. The ceramic coating is virtually impenetrable, because the raw
material is bonded to the instrument both physically and chemically.

and chemical processing. Coated instruments last

considerably longer. See page 203. -

STERI-LITE MICROBEAD STERILIZER WL

Ideal for the sterilization of small research

instruments, the chamber is filled with glass beads
and heated up to 300°C. Eliminate bacteria, spores
and other microorganisms. Chamber temperature
is displayed on the large LED control panel and oy
may be adjusted with the control knob. See page

210.
ST5191
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Cell & Tissue

Comprehensive Products for Cell & Tissue Applications

WPI's cell and tissue products cover a broad range of applications. Our products are
tested and optimized to provide you with instruments that are reliable in supporting
your research requirements. We offer a range of products for TEER measurement, live
cell imaging, microscopy studies and muscle physiology applications. WPI's products
have been cited in 100s of reference papers and in many cases are the only products
available of their kind. WPI's EVOM2™ is the original instrument designed specifically
to perform non-destructive TEER measurement on epithelial monolayer cell cultures.

WORLD PRECISION INSTRUMENTS www.wpiinc.com
ORDER TOLL-FREE: (866) 606-1974 (U.S. only) + Tel: (941)371-1003 - Fax: (941) 377-5428 - E-mail: sales@wpiinc.com 3
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Epithelial Volt/Ohm (TEER) Meter

Non-destructively test for epithelial monolayer confluence in 2D cell cultures

Features

* Measures trans-epithelial electrical resistance or trans-epithelilal
voltage

* Compatible with 12 and 24 well culture plate systems out of the box
Includes industry standard STX2 hand held “chopstick” electrodes

* Analog output for recording resistance or voltage measurements

* Auto ranging from 0-10 KQ

* Battery powered

Benefits

* You can verify performance and calibrate the meter for TEER function
using provided test resistor

* Battery powered meter is portable

A variety of accessory electrodes are available for measuring TEER in 6-
and 96-well fixed (HTS) and removable well culture systems (See STX100
series (page 6) and Endohm (page 5) electrodes

Applications

* TEER and trans-epithelial voltage measurements in 2D cell cultures

The EVOM™ was the first instrument designed specifically to perform
routine Trans Epithelial Electrical Resistance (TEER) measurement in
tissue culture research. EVOM2™ is the next generation, redesigned for
ease of use. The EVOM2™ not only qualitatively measures cell monolayer
health, but also quantitatively measures cellular confluence. The unique
electronic circuit of the EVOM2™ and the included STX2 electrode detect
the confluence of the cellular monolayer. When combined with WPI's
Endohm chamber, the EVOM2™ can also be used to perform more
accurate quantitative measurements or lower resistance measurements
like transendothelial electrical resistance measurements.

Isolated battery power for 10 hours of use

The isolated power source of the EVOM2™ was specifically designed to
avoid adverse effects on tissue and the formation of electrode metal
deposits, even when it is plugged into a standard wall outlet. Now, the
EVOM2™ is always on when you need it. In addition, its rechargeable
battery allows up to 10 hours of mobile use.

Accurate reading every time

The four-and-a-half digit readout provides a range of 1-10,000 Q. The
included test electrode lets you calibrate the resistance measurements
for an accurate reading every time, and the voltage meter never needs
calibration. An analog BNC output is standard with the EVOM2™,
providing an output port for recording data or remote display of the
EVOM2™ output.

Electrode pair to measure
voltage, pass current

EVOM2™ comes complete with
the popular STX2 “chopstick”
electrodes, 4 mm wide and 1T mm
thick. Each stick of the electrode
pair contains a silver/silver-chloride
pellet for measuring voltage and a
silver electrode for passing current.
The small size of each electrode

is designed to facilitate placement
of the electrodes into a variety of
standard cell culture wells.

References

Di, S., Gujie, M., & Thomas, W. (2016). W

Magnetic ferri-liposomes for triggered

drug release across the blood- brain STX2 STX3
barrier. Frontiers in Bioengineering and

Biotechnology, 4. http://doi.org/10.3389/conf.FBIOE.2016.01.00061

Paradis, A., Leblanc, D., & Dumais, N. (2016). Optimization of an in vitro human
blood-brain barrier model: Application to blood monocyte transmigration assays.
MethodsX, 3, 25-34. http://doi.org/10.1016/.mex.2015.11.009
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ij0.2016.3376
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... Fu, Y. (2016). Bioelectric and Morphological Response of Liquid-Covered
Human Airway Epithelial Calu-3 Cell Monolayer to Periodic Deposition of Colloidal
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bundle formation as initial events during endothelial barrier disruption. Scientific
Reports, 6(1), 20989. http://doi.org/10.1038/srep20989

Marvin, S. A, et. al. (2016). Type | Interferon Response Limits Astrovirus
Replication and Protects against Increased Barrier Permeability In Vitro and In Vivo.
Journal of Virology, 90(4), 1988-1996. http://doi.org/10.1128/)V1.02367-15

Jacobs, M. E., et. al. (2016). SGK1 regulation by miR-466g in cortical collecting
duct cells. American Journal of Physiology-Renal Physiology, 310(11), F1251-F1257.
http://doi.org/10.1152/ajprenal.00024.2016

Yu, C,, et. al. (2015). The Effects of Glucagon-like Peptide-2 on the Tight Junction
and Barrier Function in IPEC-2 Cells through Phosphatidylinositol 3-kinase-Protein
Kinase B-Mammalian Target of Rapamycin Signaling Pathway. Asian-Australasian
Journal of Animal Sciences, 29(5), 731-738. http://doi.org/10.5713/ajas.15.0415

SPECIFICATIONS

EvOM2™ 300523
MEMBRANE VOLTAGE RANGE +200 mV +200 mV
RESOLUTION 0.1 mv 0.1 mv
RESISTANCE RANGE 01t0 9999 O 0to 100 KQ
RESISTANCE RESOLUTION 1Q 100

+10 pAnominalat 1 pA nominal at 12.5
125Hz Hz
Internal rechargeable 6V NiMH
2700 mAH battery with external
12 VDC supply for recharging
10 hours

AC SQUARE WAVE CURRENT

POWER

NOMINAL BATTERY RUN TIME

BNC OUTPUT 1-10 V(1 mV/Q) 17-10 V(1 mV/10 Q)
DIMENSIONS 19%x 11 x6 cm (7.25" x 4.25" x 2.30")
WEIGHT 14kg(31b)

ELECTRODE CONNECTION RJ-11connector (telephone style)
TEST RESISTOR External, 1000 Q

10-38°C (50-100°F)
0-90% non-condensing relative humidit

ORDERING INFORMATION

ENVIRONMENTAL RANGE

EVOM2 Epithelial Tissue Voltohmmeter 9999Q range (includes STX2)
300523 EVOM2™ 100 KQ Range (includes STX2)

91799 Epithelial Tissue Voltohmmeter 9999Q range (includes STX3)
OPTIONAL ACCESSORIES/REPLACEMENT PARTS

STX2 Replacement “Chopstick” Electrode Set

STX3 Adjustable Tip Spread “Chopstick” Electrode Set

3993 Electrode Adapter (for electrodes with 2 mm pins)

91736 Replacement Battery, Rechargeable NiMH
91750 EVOM2™ Test Resistor
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Reproducible Resistance of Endothelial Tissue
TEER measurement of epithelial and endothelial cell cultures A

Features
* Compatible with original EVOM™ and EVOM2™ meters
* Adjustable apical electrode height

¢ Crystal clear glass chamber allows visualization of apical electrode
positioning
* New insert holder with 120° tri-supports for three leg inserts

* Three sizes cover a range of well cup sizes from a variety of
manufacturers

Benefits

 Stability and reproducibility superior to the STX2 electrodes to 1%
tolerance

* Can be used with 6, 12 or 24 well plates with removable inserts
* Symmetrical electrode pattern disperses test current uniformly
* Simple test procedure to verify electrode performance

Applications

* TEER measurement for removable culture cup systems using
EVOM2™ meters for endothelial and epithelial cell cultures

Using WPI's EVOM2™ resistance meter, Endohm chambers provide
reproducible resistance measurements of endothelial and epithelial
monolayers in culture cups. Transfer cups from their culture wells to

the Endohm chamber for measurement rather than using hand-held
electrodes. The chamber and the cap each contain a pair of concentric
electrodes: a voltage-sensing silver/silver chloride pellet in the center
plus an annular current electrode. The height of the top electrode can be
adjusted to fit cell culture cups of different manufacturers.

Make more precise measurements with Endohms

Endohm'’s symmetrically opposing circular disc electrodes, situated above
and beneath the membrane, allow a more uniform current density to
flow across the membrane than with STX2 electrodes. The background
resistance of a blank insert is reduced from 150 Q (when using WPI's
hand-held STX2 electrodes) to less than 5 Q. With Endohm'’s fixed
electrode geometry, variation of readings on a given sample is reduced
from 10-30 Q with STX2 electrodes (depending on your experience) to 1-2
Q. Compared with other resistance measurement methods, Endohm with
EVOM2™ offers a much more convenient and economic solution to “leaky
tissue” measurement. Because of the uniform density of the AC square
wave current from EVOM2™, errors caused by electrode polarization or
membrane capacitance are largely eliminated. Endohm together with
EVOM2™ offers the most accurate and economical endothelial ohm
meter now available. To date, cups from Costar, Millipore, and Falcon have
been tested. Endohm chambers may be sterilized with EtO, alcohol or a
bactericide. Do not autoclave.

References

Srinivasan, B., Kolli, A. R., Esch, M. B., Abaci, H. E., Shuler, M. L., &
Hickman, J. J. (2015). TEER measurement techniques for in vitro barrier
model systems. Journal of Laboratory Automation, 20(2), 107-26. http://doi.
org/10.1177/2211068214561025

ENDOHM-12 COMPATIBILITY CHART

Corning Millioore Membrane Growth Membrane
g p Diameter  Surface Area Pore Size
3401 12 mm 1.12 cm? 0.4 um
3402 PITPO1250 12 mm 112 cm? 3.0 pm
3403 PITTO1250 12 mm 1.12 cm? 3.0 ym
3493 12 mm 1.12 cm? 0.4 um
3494 12 mm 112 cm? 3um
*
3460 bEATISRAE 12 mm 112 cm? 0.4 um
PRFISRAB™ 12 mm 142 cm2 1um
3462 E:ESTPCHSSE?‘E* 12 mm 112 cm? 3um
E:EMI'P\;S;{[B* 12 mm 112 cm? 5um
PIEP30R48*
*
ﬁ:g]gijg* 12 mm 112 cm? 8 um
PET Insert

ENDOHM-12G

ENDOHM-6G

ENDOHM-24GSNAP

ENDOHM-24 COMPATIBILITY CHART

Corning Millipore Material Pore Size (um)
3407 Polycarbonate 0.4
3801 Polycarbonate 0.4
3802 Polycarbonate 3.0
3412 PIHT30R48* Polycarbonate 0.4
3414 Polycarbonate 3.0
PITTO3050 Polycarbonate 3.0
3428 Polycarbonate 8.0
3450 Polyester 0.4
3452 Polyester 3.0
3491 Collagen 0.4
3492 Collagen 3.0
PICMORG50 Organotypic Insert 0.4
PIHA03050 HA Insert 0.45
PIHPO3050 PCF Insert 0.4
PICM03050 HA Mixed Cellulose Esters 0.4
PIHT30R48* PET Insert 0.4
PIRP30R48* PET Insert 1.0
PISP30R48* PET Insert 3.0
PIMP30R48* PET Insert 5.0
PIEP30R48* PET Insert 8
ENDOHM-6 COMPATIBILITY CHART
Corning Millipore Mgmbrane Growth Membrgne
Diameter Surface Area Pore Size
3470 6.5 mm 0.33 cm? 0.4 um
3472 PITPO1250 6.5 mm 0.33 cm? 3um
3413 PCF Insert 6.5 mm 0.33 cm? 0.4 pm
3415 P O1230 6.5 mm 033 cm? 3um
3421 6.5 mm 0.33 cm? 5um
3422 EICE!Elg;grStO 6.5 mm 0.33 cm? 8 um
PISP12R48*
3495 PIHT12R48* 6.5 mm 0.33 cm? 0.4 uym
PET Insert
hA9da8° 6.5 mm 0.33 cme? 0.45 pm
F&%Mg;ezrgo 6.5 mm 033 cm? 0.4 um
3496 PEP1ZRAET 6.5 mm 0.33 cm? 3um
E:;rpﬂnzszﬁ?* 6.5 mm 033 cm? 1um
E:EMFF\J:]s%Eég* 6.5 mm 0.33cm? 5um
PIEP 1 2R 6.5 mm 033 cm? 8 um
ng?rjsze?? 6.5 mm 033 cm? 12 ym
PITT01250 1.0 pm
PIHP 01250 3.0um

* New Chambers Support Tri-Leg Inserts

ORDERING INFORMATION

ENDOHM-6G  Endohm for 6 mm Culture Cup (24 wells per plate)

ENDOHM-12G Endohm for 72 mm Culture Cup (12 wells per plate)

ENDOHM-24GSNAP  Endohm for 24 mm & Costar Snapwell™ Cup (6 wells per plate)
Requires EVOM2™, EVOM™, EVOMX™ or Millicell ERS-2

WORLD PRECISION INSTRUMENTS

53330-01 Replacement Endohm Cable

www.wpiinc.com
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HTS Electrodes for Use with EVOM™ & EVOM2™

For High Throughput Screening (HTS) cell culture filter plates

Features

* Designed for use with 24-well HTS plate (Corning Costar and BD
Falcon) and with 96-well plates (Millipore)

* |Improved accuracy downto 5 Q
e Sterilize with EtO, alcohol or bactericide

Benefits

* Smaller tip size than the STX2 electrode constructed for durability fits
neatly into the keyhole shaped filter well

* Electrode design reduces chance of contamination

Applications

* STX-100 Electrodes are designed for TEER measurement in HTS
culture plates using the EVOM2™

Semi-permeable HTS (high throughput screening) culture plates have
become a standard tool for pharmaceutical and institutional research
in epithelial transport. HTS culture plates have well cups which are
bonded together into a single assembly and are not removable. This
makes the plates ideal for automated applications, but imposes a
significant inconvenience when TEER must be measured in the absence
of an automated system. WPI's STX100 series electrodes provide a
cost-effective alternative to automation, allowing HTS well plates to be
measured manually using a hand-held electrode.

The spatial orientation of an electrode during TEER measurement can
have a significant effect on the resistance reading. When compared to
the STX-2 “chopsticks” electrode, the STX100 series electrodes offer

a technical advantage. The design of the STX100 series electrodes
guarantees spatial repeatability. Each STX100 electrode is designed to
self-align based on the form factor of the apical and basal access ports of
the HTS plate. Each manufacturer of HTS culture systems has a unique
form factor, so the STX100 electrodes are manufacturer specific.

WPI developed STX100 electrodes for 24 and 96 well plates specific to
Corning, BD Falcon and Millipore. Refer to the charts for compatibility
information or contact your WPI sales representative for assistance. If an
automated system is preferable for your application, WPI's automated
TEER measurement system (REMS) on page 7 is an affordable solution.

STX100 C COMPATIBILITY CHART

Corning Description Pore Size Membrane
3379 HTS Transwell-24 0.4 pm PET
3378 HTS Transwell-24 0.4 pm PET
3396 HTS Transwell-24 0.4 pym

3397 HTS Transwell-24 0.4 pm

3398 HTS Transwell-24 3.0 um

3399 HTS Transwell-24 3.0 um

STX100F COMPATIBILITY CHART

STX100M

STX100 M COMPATIBILITY CHART

Millipore Description Pore Size Membrane
PSRPO04R1 96-Well Plate 1.0 um PET
PSHTO04R5 96-Well Plate 0.4 pm PCF
PSRPO04R5 96-Well Plate 1.0 pm PET
PSHT004S5 96-Well Plate 0.4 pm PCF
PSHTOO4R1 96-Well Plate 1.0 pm PCF
Corning Description Pore Size Membrane
3380 HTS Transwell-96 System 1.0 ym PC
3392 HTS Transwell-96 System 1.0 upm PET
3381 HTS Transwell-96 System 0.4 um PC
3391 HTS Transwell-96 System 0.4 um pC
3385 HTS Transwell-96 Well Plate 3.0 um PC
3386 HTS Transwell-96 Well Plate 3.0 pm PC
3387 HTS Transwell-96 Well Plate 5.0 ym PC
3388 HTS Transwell-96 Well Plate 5.0 ym pPC
3374 HTS Transwell-96 Well Plate 8.0 um PET
3384 HTS Transwell-96 Well Plate 8.0 um PET

Falcon Description Pore Size Membrane
BD Falcon (24 well) HTS Multiwell
351180 Insert System 1.0 pm PET
BD Falcon (24 well) HTS Multiwell
351181 Insert System 1.0 pm PET
BD Falcon (24 well) HTS Multiwell
351182 Insert System 3.0 um PET
BD Falcon HTS (24 well) Multiwell
351183 Insert System 3.0 um PET
351184 BD Falcon HTS (24 well) Multiwell 8.0 um PET
Insert System
BD Fal 24 well) HTS Multiwell
351185 O FECOD 7 well TS Muline gopm  PET ORDERING INFORMATION
354803 BD BioCoat (24 well) HTS Fibrillar 10 PET STX100C  STX100 for Corning Costar HTS Transwell-24
Collagen Multiwell Insert System LHm STX100F  STX100 for BD Falcon 24 well HTS Multiwell Insert System
354804 BD BioCoat (24 well) HTS Fibrillar 10 um pC STX100M STX100 for Millipore MultiscreenTM HTS 96-Well Plate
Collagen Multiwell Insert System ~H STX100€96 STX100 for Corning HTS 96-Well Plate
WORLD PRECISION INSTRUMENTS
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Automated TEER Measurement System
PC-controlled high throughput TEER measurement for epithelial monolayer

Features

¢ Automates TEER measurement and data
logging for use with HTS well plates

¢ PC controlled positioning
¢ Data acquisition in LabView

* Manufacturer specific electrodes
available for 24- and 96-well HTS plates

* Plate configuration files and sample
sequences are user-definable

¢ Two user-defined rinse locations
¢ Manual mode

Benefits

* Speed—capable of acquiring TEER
data on a 96-well plate in less than five
minutes

¢ Automation reduces the possibility for
human error

Applications

¢ Automated measurement and data
logging of TEER for 24 and 96 well HTS
culture plates

The REMS AutoSampler automates measurements of TEER epithelial or
endothelial monolayers cultured on HTS well plates. It is a PC controlled
tissue resistance measurement system that offers reproducibility,
accuracy, flexibility and ease-of-operation. Automated measurement

of tissue resistance in cell culture microplates provides the advantages
of speed, precision, decreased opportunity for contamination and the
rapid availability of measured resistance data.

The main components of the REMS AutoSampler include: the robotic
sampler that moves the electrode over each well of the microplate,

the electrode which is located on the robotic arm, a base plate for the
24- and 96-well tray, a Windows-based data acquisition card, the REMS
electrode interface unit and the REMS software to operate the system
on a Windows-based computer.

Automate TEER measurements

The REMS AutoSampler automates TEER measurements that would
otherwise be performed manually with WPI's EVOM2™ Epithelial
Voltohmmeter. Automated tissue resistance measurements up to 20 kQ
can be performed on 24- or 96-well HTS microplates. See www.wpiinc.
com/REMS for manufacturer plate compatibility.

Precisely and reproducibly positions electrode

The REMS AutoSampler will automatically measure and record

tissue resistance from a user-specified matrix of culture wells on the
microplate. According to the specified sequence, the robotic arm moves
over the identified wells taking TEER measurements. By means of an
x-y-z locating system, the electrode is positioned precisely into the

well. The ability of the REMS AutoSampler to reproducibly position the
electrode contributes to consistent TEER measurements. TEER data is
incrementally stored as the electrode moves from one well to the next.

Compact electrode pair

The use of AC current to measure resistance provides several
advantages over DC current, including:

* Absence of offset voltages on measurements

* There is a zero net current being passed through the membrane and,
therefore, it is not adversely affected by a current charge

¢ No electrochemical deposition of electrode metal.

Rinse and calibration check stations

The REMS AutoSampler also features two rinse stations. If occasional
rinsing of the REMS electrode is required, it may be sent to a rinse
station by pressing the rinse station button on the menu bar.

WORLD PRECISION INSTRUMENTS
ORDER TOLL-FREE: (866) 606-1974 (U.S. only) + Tel: (941)371-1003 - Fax: (941) 377-5428 - E-mail: sales@wpiinc.com
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REMS AUTOSAMPLER SPECIFICATIONS

MEMBRANE RESISTANCE RANGE  Auto-ranging or 0-2000 Q and 0-20 kQ
AC SQUARE WAVE CURRENT + 20 P A@ 12.5 Hz
ELECTRODE POSITIONING Resolution in X, Y and Z: + 1 mm
ELECTRODE ARM SPEED X-and Y-axis: 250 mm/sec
Z-axis: 247.3 mm/sec
TYPICAL MEASUREMENT TIME
24-WELL
SCAN PATTERN
LINE VOLTAGE (User Specified)

1 min., 10 sec.
Preset or user-defined
100/120 V or 220/240 V

DIMENSIONS 53.5x43.7 x 37.1 cm
(21% x 17%s x 14% in.)
WEIGHT 24kg (52 b))

ORDERING INFORMATION

SYS-REMS Automated Tissue Resistance Measuring System

Includes robot sampler, data acquisition board; computer, display, keyboard, mouse; software for
Windows 7 or 10; and electrode (SPECIFY WHEN ORDERING).

OPTIONAL ACCESSORIES/REPLACEMENT PARTS

REMS-24  Replacement Electrode for 24-well HTS Plate

REMS-96 Replacement Electrode for Millipore™ 96-well Plate

REMS-96C Replacement Electrode for Corning 96-well HTS plate

REMS-24M Replacement Electrode for Millipore 24-well HTS plate
See www.wpiinc.com/REMS detailed information.
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Ussing System for Epithelial Research

Non-destructive TEER measurement for epithelial tissue

Features

* Direct connect low-resistance electrodes

* Simple operation, easy to control temperature and clean after use
* Luer type leak-free attachment of tubing and electrodes

* Recessed electrode ports avoid bubble formation

* Secure membrane holding by sharp stainless steel pins or O-ring

* Specialized chamber adapts cell culture insert (Costar Snapwell) for
monolayer cell culture

* Chambers with rectangular openings for tubular tissues from small
animals

Benefits

* Leak free design of Ussing chambers

* (Can be used with monolayer cell culture inserts

* Optional drains for quick evacuation of radioactive or toxic substances
* Circulation reservoirs available in two sizes

» Control temperature with a circulating water bath (option) available

Applications

* |on transport studies
* Nutrient transport studies

WPI's Ussing System offers researchers a quick, effective means of
making low-resistance electrical connections to the Ussing chamber
without need of long agar bridges or Calomel half-cells. Ag/AgCl half-cells
screw into short tubes which plug firmly into place in the chamber's Luer
ports. These direct-connect electrodes eliminate the inconvenience and
expense of Calomel half-cells in open liquids. The system includes one
Ussing Chamber (eight sizes available), support stand, electrode kit, glass
circulation reservoir (two sizes available), and a tubing start-up kit (25
feet of 0.375-in. tubing, 10 feet of 0.156-in. tubing, plus four male Luer
fittings, two compressor clamps, one Y-connector, and one clip). Sixteen
possible system configurations are available. Components are also
available separately. (Preamplifier in photo not included.)

Leak free design of Ussing chambers

WPI's classical Ussing Chambers are well established perfusion
chambers that are easy to operate, easy to control temperature, and
easy to clean after use. Ussing Chambers are machined from solid
acrylic with eight entry ports for fluid lines, electrodes, or agar bridges.
For easy, leak-free attachment of tubing and electrodes, all eight ports
are Luer type. The four ports for voltage and current electrodes are
recessed to prevent formation of air bubbles in the chamber. The
fluid compartments in each side of the chamber are separated by the
epithelial membrane being studied. Sharp stainless steel pins on one
side of the chamber hold the membrane in position and mate with holes
in the opposite chamber interface. (In the CHM4, tissue is held by an
O-ring instead of pins.)

Can be used with monolayer cell culture inserts

The CHM5 chamber adapts the Costar 12 mm Snapwell, a cell culture
insert for monolayer cell culture, into WPI's “classical” epithelial voltage
clamp system. Classical Ussing Chambers have not been widely used for
monolayer cell culture inserts, because most inserts have a very deep
profile, limiting good fluid perfusion at the surface of the membrane and
limiting voltage electrodes from measuring the potential close to the
surface of the membrane. CHM5 solves these problems: Perfusion fluid
is introduced into the chamber at an angle so that it flows directly to the
surface of the membrane. The voltage electrode is also inserted into the
chamber at an angle to reduce the distance between the surface of the
membrane and the electrode.

Rectangular openings for tubular tissue

Two small chambers with rectangular openings are designed for tubular
tissue from small animals such as the mouse intestinal tract membrane

5210 Glass

circulation
reservoir

Ussing
Chamber

Complete Ussing System includes stand, glass reservoir, electrodes, Ussing
chamber and tubing.

(CHMS6) and rat intestinal tract membrane (CHM7). The rectangular
opening more closely matches the shape of the tissue than would a
circular opening, significantly increasing the membrane area available for
testing. The larger membrane area increases the transport rate of low
permeability chemicals. It also reduces the electrical resistance of the
system for easier current clamping.

Optional drains

Drains may be added to Ussing chambers to allow quick and complete
evacuation of radioactive or toxic substances. To have drains added at
the time of order, add a “D" to the part number (such as “USS1LD"). The
cost of the drain will be added to the cost of the chamber or system
ordered.

Cartridge electrodes

The Electrode Kit contains four
voltage/current electrodes, plus four
Luer-tipped cartridges. Electrodes
are threaded and screw securely into
the end of each cartridge. The Luer
tip then plugs securely into the Luer
openings of the chamber. The cable
from each electrode terminates with
a 2 mm pin which may be plugged
into mos voltage/current clamps.

The miniature electrode-gel cartridge ~ EKV and EKC Cartriage Electrodes
is a small plastic tube with a male

Luer tip identical to those at the tip of hypodermic syringes. The tube
may be filled with different gel materials. Agar is commonly used, but
other gel materials may also be satisfactory.
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CHM8 Chamber
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Assembled chambers are 101.6 mm (4 in.) long.

Circulation reservoirs available
in two sizes
Hand-blown borosilicate glass reservoirs

o

ORDERING INFORMATION

USSING SYSTEMS, LARGE RESERVOIR

with jacketed chambers for temperature USS1L Medium Chamber, Stand, Reservoir, Electrodes, Tubing

control are available in two sizes — 5210 uss2L Small Chamber, Stand, Reservoir, Electrodes, Tubing

holds 20 mL per side, and 5362 (at left) USS3L Large Chamber, Stand, Reservoir, Electrodes, Tubing

holds 10 mL per side (useful when expen- ~ USS4L Extra Small Chamber, Stand, Reservoir, Electrodes, Tubing

sive chemicals are involved). Reservoir USS5L Snap Chamber, Stand, Reservoir, Electrodes, Tubing

condenser caps prevent air bubbles and usseL Small Rectangular Chamber, Stand, Reservoir, Electrodes, Tubing

turbulence in fluid reservoirs. USS7L Large Rectangular Chamber, Stand, Reservoir, Electrodes, Tubing
USs8L Extra Small Chamber, Stand, Reservoir, Electrodes, Tubing

USSING SYSTEMS, SMALL RESERVOIR

Uss1s Medium Chamber, Stand, Reservoir, Electrodes, Tubing
Uss2s Small Chamber, Stand, Reservoir, Electrodes, Tubing
i USS3s Large Chamber, Stand, Reservoir, Electrodes, Tubing
Control temperature with a USSs4s Extra Small Chamber, Stand, Reservoir, Electrodes, Tubing
circulating water bath USS5S Snap Chamber, Stand, Reservoir, Electrodes, Tubing
The Julabo circulating bath is ideal for USS6S Small Rectangular Chamber, Stand, Reservoir, Electrodes, Tubing
controlling temperatures of external USS7s Large Rectangular Chamber, Stand, Reservoir, Electrodes, Tubing
systems. With a powerful 15 L/min USs8s Extra Small Chamber, Stand, Reservoir, Electrodes, Tubing

flow rate, the pump provides optimum
heat exchange. The tap water cooling
feature is standard with a range of
20-100°C.

OPTIONAL ACCESSORIES/REPLACEMENT PARTS
System components also available separately:

- XXXxD Drain option (add “D" to part number of chamber or system)
- CHM1 Medium Chamber
Reservoir openings and pins CHM2 Small Chamber
CHM3 Large Chamber
cHm8 RSN Ct|M2 CHM4  Extra Small Chamber with O-Ring Seal
0.5mm ¢ o " / \*\ CHMS5 Snap Chamber (fits Costar Snapwell cups)
pins *O‘ \ . ¢ | CHMé6 Small Rectangular Chamber
i \ /) \\O | CHM7 Large Rectangular Chamber
4mm . e .. _ -7 CHMS8 Extra Small Chamber with Mounting Pins
+1;;1r‘n* 9 mm EK1 Ussing Electrode Kit (2 voltage, 2 current)
5.5 mm |« e 17 M e 12 EKC Extra Ussing Current Electrode (red) (each)
EKV Extra Ussing Voltage Electrode (blue) (each)
el 5210 Large Glass Circulation Reservoir, (20 mL per side)
o R 5233 Replacement Condenser for 5210
o “ C':'_M4 5362 Small Glass Circulation Reservoir, (10 mL per side)
! ) 5361 Replacement Condenser for 5362
| N N 3955 EKV Cartridges, 35 mm (pkg. of 12) m
- o <>||4mm 3960 EKC Cartridges, 58 mm (pkg. of 12) <
-7 3669 Tubing Kit (flexible hose and Luer fittings) Bt
13.5 mm->- <] 6mm 3579-20 Replacement Luer fittings for tubing connections (pkg. of 20) -]
8.5 mm— ~12mm-- 5153 Support Stand
3485 Post Mounting Kit for Preamp I
AL LLLLELLE 505060 Julabo Circulating Bath, 5L volume, 115V m
4( CHM7 )\’ I [ 505061 Julabo C@rculating Bath, 13L volume, 115V -~
S———"| "N Y 505062 Julabo Circulating Bath, 5L volume, 230V —
‘ E E ST e € 505063 Julabo Circulating Bath, 13L volume, 230V >
~145mm—~|| E E ‘ 30 mm | E €
<~—16.5 mm—» | 32 mm ~oo r-
1
SPECIFICATIONS T
CHM1 CHM2 CHM3 CHM4 CHMS5 CHMeé CHM?7 CHMS8 _<
(Medium) (Small) (Large) (Extra Small) (Snap) (Rect., Small) (Rect., Large) (Extra Small) (7,)
RESERVOIR OPENING 12 mm 9 mm 13.5 mm 4 mm 12 mm 5x145mm 7 x30mm 4 mm —
HALF-CHAMBER VOLUME 1.0 mL 0.75 mL 1.2 mL 0.5mL 1.7 mL 0.8 mL 5.5 mL 0.5mL o
PIN CIRCLE DIAMETER 17 mm 12 mm 18.5 mm 6 mm* N/A 7 x16.5 mm 9 x 32 mm 5.5 mm -
SURFACE AREA 113 mm? 63.5mm? 143 mm? 12.6 mm? 113 mm?  67.1 mm? 199.5 mm? 12.6 mm? o
*O-ring diam. m
=<
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Muscle Testing Platform

Customizable system for muscle physiology research

Features

* Heated cuvette and micrometer

e Study intact muscle fiber bundles*

* Data recording and analysis included
* Modular design

* Corrosion-free

Benefits

e System is completely customizable with a host
of accessories

Applications

e Electrical stimulation, including twitch
and tetany, to analyze force response in
amplitude; and kinetics, like contraction and
relaxation times and velocities

¢ Intracellular calcium concentration/
distribution and muscle force in intact muscle
fiber bundles.* (Requires a Biofluorometer.)

These applications may require specific
components or other electronics that are
compatible with this system.

The SI-MT-L is the standard muscle research
platform, which can be configured to study
intact muscle fiber bundles, muscle strips and
small whole muscles. Modular design allows the
system to be configured for turnkey solutions
for specific applications. The system is built on

a solid platform making precise mechanical and
optical measurements easy. Like the Cell Tester
and the SI-HTB systems, SI-MT-L and SI-MTM-L use SI-KG optical force
transducers and are constructed with corrosion-free materials (stainless
steel, anodized aluminum or plastic).

The system is supplied with a LabTrax-MDAC data acquisition system to:

* Record signals from the force transducer, the motor position monitor
or any further relevant physiological signal using up to eight analog
inputs.

» Control the stimulator, or an external stimulus isolator, through an
analog output

» Control the position of the linear motor through a second analog
output

» Control other devices through two digital outputs
* Program numerous customized protocols

Customize the system to suit your needs

The flexibility of the Muscle Testing Platform allows for complete
customization. For example, you can add:

* Linear motor for muscle length perturbation studies

* |solated constant current stimulator for twitch and tetanus stimulation
» Biofluorometer for intracellular calcium studies

» Additional accessories like force transducers, data acquisition system
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MDAC Protocol segment, showing the combination of basic signal patterns to
generate an experimental protocol.

ORDERING INFORMATION

SYSTEMS AVAILABLE FOR INTACT MUSCLE SAMPLES INCLUDE:

SI-MTM-L  System with a Univette heated cuvette & linear motor
SI-MT-L System with a Univette heated cuvette & digital micrometer

Systems include: Base plate; force transducer and stand, digital
micrometer or linear motor (optional), micrometer or motor stand,
cuvette and table, oxygenation system, evacuation system, signal
conditioning system with transducer amplifier and temperature control
module, anti-oscillation module and linear motor amplifier (if applicable),
LabTrax-MDAC data acquisiton system data acquisition system with
MDAC software for recording force and position signals and for
controlling stimulation and the movement of the linear motor.

*Contact WPI for help evaluating your specific experimental requirements.
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Horizontal Tissue Bath

Research system for higher throughput of complex pharmacological/

physiological assays

Features

* Two channel system for increased
productivity, easily expanded to add
channels

* Fully independent heating and fluid
control for each channel

¢ Low profile/small footprint

¢ Variable volume, chemically inert
Teflon bath with shape configurations
from variable to fixed 500 pL-10 mL*

* Modular, space-saving, blade-style
electronics

e Large variety of force transducers
covering mN-N forces

¢ (Can be combined with automated
fluid control systems

¢ Add an electrometer like the WPI
Duo773 or Electro705

Benefits

¢ Tissue bath for volumes as small as
500 pL

* Low profile, small footprint to reduce bench space requirements
* Versatile system is easy to upgrade with added channels and options

Applications

* Tissue fluorescence (calcium, ATPase via NADH, FAD). (Requires the
multi-purpose Biofluorometer* (SI-BF-100). See page 20.)

These applications may require specific components or other electronics
that are compatible with this system.

The SI-H Horizontal Tissue/Organ Bath system (SI-HTB) combines the
ease of use and productivity of a traditional vertical organ bath with the
more advantageous features of single tissue physiology platforms.

Bath options 500 pL up

The SI-HTB system breaks through the (large) volume limitations of the
traditional organ bath, allowing volumes as low as 500 pL in an inert,
Teflon-based bath. The bath design allows multiple shape options for
thick, long, flat and thin tissue. When pharmaceuticals are available in
precious, small amounts, you will appreciate this standard feature. A wide
range of transducers and tissue mounting supports allow a great variety
of tissue shape, volume and size.

Low profile

The low profile and small footprint of the bath system, combined with
the modular, space-saving, chassis-mounted design of the electronics,
reduces the bench space requirement up to 4-fold when compared with
standard 4-channel organ baths.

Versatile system, easy to upgrade

The SI-HTB combines advanced physiological techniques with the
throughput needed in pharmacological assays in one flexible platform.
Upgrades to four or more channels are easy and economical.

The motor option (SI-MOT) turns your system into a tissue work-out
station with isotonic and eccentric force measurement capabilities. Nearly
all established myo-mechanical tests from stretch-release to work-loops
and muscle fatigue are now possible in a single organ bath system. Some
of these procedures require automated length changing methods, which
can be conveniently programmed using WPI's LabTrax-MDAC data
acquisition system.

WORLD PRECISION INSTRUMENTS

Options

The solid horizontal tissue bath design is ideal for combination with
electrophysiology on the same platform. Intracellular measurements can
share the stable solid base of the bath system.

WPI's new fiber-optic based, multi-channel Biofluorometer allows for
tissue fluorescence measurements (calcium, NADH, FAD) on the SI-HTB
platform.

Now, you can design a system to meet your needs and budget. And, it is
fully upgradeable in the future.

WPI's 16-bit, full speed, Labview-based Muscle Data Acquisition system
LABTRAX-MDAC is perfect for this platform.

*Contact WPI for help evaluating your specific experimental requirements.

ORDERING INFORMATION

SI-HTB2 Horizontal Tissue Bath, 2-Channel System
2-Channel SI-HTB platform for isometric force (1), SI-KG Force Trandsucers
(2), SI-BAM21-LCB Optical Force Transducer Amplifiers (2), SI-TCM2B
2-Channel Temperature Controller (1), SI-BMFA power frame enclosure (1),
LabTrax 8/16 with MDAC Data Acquisition software

SI-HTB4 Horizontal Tissue Bath, 4-Channel System
2-Channel SI-HTB platform for isometric force (2), SI-KG Force Trandsucers
(4), SI-BAM21-LCB Optical Force Transducer Amplifiers, (4) SI-TCM2B
2-Channel Temperature Controller (2), SI-BMFA power frame enclosure (1),
LabTrax 8/16 with MDAC Data Acquisition software (1)

OPTIONAL ACCESSORIES/REPLACEMENT PARTS
LABTRAX-MDAC LabTrax 8/16 8-Channel Data Acquisition with MDAC Software

SI-AOSUB Anti-Oscillation Module

SI-PF100 Programmable Filter

MINISTAR Miniature Peristaltic Pump, 1-channel

PERIPRO-2HS Peri-Star™ Pro, 2-channel, High Rate, Large Tubing (110-220V)
PERIPRO-4HS Peri-Star™ Pro, 4-channel, High Rate, Large Tubing (110-220V)
PERIPRO-4LS Peri-Star™ Pro, 4-channel, Low Rate, Small Tubing (110-220V)
PERIPRO-8LS Peri-Star™ Pro, 8-channel, Low Rate, Small Tubing (110-220V)
801566 Mini Vacuum Pump (110V)

801963 Mini Vacuum Pump (220V)

SI-COLUB Constant Load Module

97204 Pinger for the Anti-Oscillation Module

www.wpiinc.com
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MUSCLE PHYSIOLOGY

Cell Tester System

Perform muscle physiology tests on single skeletal muscle fibers

Features

* Fits ANY inverted microscope

* Unique rotational stage-improves the
experimental throughput

* Two integral piezo manipulators included

Benefits

* Simultaneous use of the multi-purpose
biofluorometer* (SI-BF-100) for tissue
fluorescence (calcium, ATPase via NADH, FAD)

* For use with small multi-cellular preparations
or skinned muscle fibers*

* Stimulate and perform perturbations of muscle
fibers

» Options available for customization of the
system

Applications

* Stretching and relaxation of cells with
nanometer resolution

» (lassic cross bridge cycling studies in cardiac
tissue

* Skeletal muscle fiber axial stretch and isometric
force

* Intracellular calcium concentration/distribution in muscle fibers as
muscle force is measured

* ATPase activity as muscle force is measured

The SI-CTS200 system, which is the result of blending the latest
technologies in electronics, mechanics and optics, permits researchers
to investigate living systems at a new level of observation. The Cell Tester
provides researchers with the comprehensive ability to investigate and
characterize the physiological, biomechanical and biophysical properties
of single isolated living cells.

Study multi-cellular or skinned fibers

The SI-CTS200 systems can be used on small multi-cellular preparations
or skinned muscle fibers or strips. It is designed to sit on the stage of
any standard, research-level, inverted microscope while maintaining the
optical path of the microscope for simultaneous fluorescence or confocal
imaging.

Stimulate and perform perturbations of cells

The Cell Tester is an integrated system of components needed to
maintain and handle muscle fibers, stimulate and perform pertubations of
the cells, and detect, amplify, and record signals, like contractile force.

Customize your system with options

* Optical force transducer for measuring with nanonewton sensitivity
and integrated cell attachment system.

* Equipped with a nanomotor for stretching and relaxing cells with
nanometer resolution.

* Arotating cuvette system for easy alignment of cells increases
productivity. It is designed to orient cells in the XY plane so that no
physical manipulation of the position of the tissue itself is required.

* Interchangeable bath inserts provide a range of options for the
handling of live fibers.

* LabTrax-MDAC data acquisition system records and control your
experiments, using up to eight analog inputs.

* Biofluorometer (See page 20.)

SI-CTS200

References

Prosser BL, Ward CW, Lederer WJ. X-ROS signaling: rapid mechano-
chemo transduction in heart. Science. 2011 Sep 9;333(6048):1440-5. PMID:
21903813

FORCE TRANSDUCER SPECIFICATIONS

RANGE 0-5mN (0-0.5 g)
FORCE RESOLUTION 20 nN at 10x gain
COMPLIANCE 10 pm/mN
NOISE 0.3 pN

RESONANCE FREQUENCY 250 Hz (This is eliminated from the
measurement by the AOSUB)
TIME RESOLUTION 7 ms

Resolutions were determined while using the SI-FAOSUB anti-oscillation filter.

NANOMOTOR SPECIFICATIONS

TOTAL TRAVEL +90 upm

RESOLUTION 20 nm

SMALLEST STEP 60 nm

INPUT +10V (calibrated at 10 um/V)

CELL TESTER PLATFORM SPECIFICATIONS
DISTANCE (bottom of the base plate to the bottom of glass) 0.508mm

ORDERING INFORMATION

SI-CTS200 Complete Cell Tester System
System Includes: Rotating Cuvette System, Micromanipulator System; Signal
Conditioning Amplifier with four modules: Optical Transducer Amplifier;
Temperature Controller; Anti-Oscillation Unit; Position Controller; data acqui-
sition system with MDAC Software for recording, controlling stimulation and
nanomotor position; Force Transducer of choice; Nanomotor; Glass Fiber
Cell Mounts (1 set)

SI-CTS200B Cell Tester, Non-Rotating, no Micromanipulator System

SI-CTS200A Cell Tester, Manual Platform, no Micromanipulator System

For additional information, including application notes, go to
wpiinc.com/celltester

*Contact WPI for help evaluating your specific experimental requirements.
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Signal Conditioning Amplifier System

Choose the amplifier modules you need to measure nearly anything!

UMNEAR MOTOR COMTROL

COMSTANT

SI-BMFA power frame enclosure plus optional modules (pages 14-17).

Features

* Ergonomic design
* 8-Channel
* Small footprint

* Backplane design includes provision for configurable communication
between modules

Benefits

* Up to eight modules connected through the backplane of the chassis
allows researchers to assemble the set of electronics they need for
their own custom applications

» Standard configuration options are available for Muscle Tester
platforms

Applications

* Process transduction of physical signals, displacement and optical
force transducer outputs

The transduction of physical signals in the last decade has increasingly
moved in the direction of the computer with an electronic amplifier.
Further signal conditioning and analysis of sampled raw data is then
handled efficiently in software, like WPI's MDAC package. The software
preserves the raw data and is highly reliable. Operations such as
integration, differentiation, filtration and even waveform generation are
now efficiently handled in software. On the other hand, however, the
transduction of physical signals such as bio-potentials, force, temperature,
pressure or ionic concentrations must be measured with an electronic
amplifier.

SIH/WPI's physiology amplifier system focuses on this idea and provides
a flexible electronic platform intended to process the transduction of
physical signals, displacement transducer outputs from force transducer
signals. This platform simply focuses on the reliable transduction of the
electronic signal and provides a convenient passage for the translation of
real world signals to a computer for analysis.

Eight modules connected through backplane

The system consists of a chassis with eight slots on the backplane and
includes an ultra quiet, shielded power supply. All of the module outputs

WORLD PRECISION INSTRUMENTS

are routed to rear panel connectors. If you prefer, outputs may be routed
internally to the inputs of other modules. The system has a small footprint
and may be stacked to provide as many channels as you need.

The SI-BMFA Power Frame is the foundation of the SI modular physiology
suite. It incorporates a robust power supply that can accommodate

up to eight physiology modules, which can be mixed or matched in

any combination. Modules are quick and easy to install, thanks to an
innovative and mechanically solid card rail system.

The system is flexible and configurable. A variety of modules are available
for the Signal Conditioning Amplifier System, and you can mix and match
the modules to suit your requirements.

Optical Transducer Amplifier—SI-BAM21-LCB (page 15)
Programmable Filter Module—SI-PF100B (page 17)
Linear Motor Control Module—SI-MOTDB (page 14)
Temperature Control Module—SI-TCM2B (page 16)
Anti-Oscillation Module—SI-AOSUB (page 17)
Constant Load Module—SI-COLUB (page 16)

Standard options available for muscle testers

When the system is ordered with SI-MT (Muscle Tester) system, the
Signal Conditioning Amplifier System (chassis) is configured with an
SI-BAM21-LCB. Optional modules include an SI-TCM2B Temperature
Control Module, an SI-MOTDB Linear Motor Controller, an SI-PF100B
Programmable Filter Mondule, the SI-AOSUB Anti-Oscillation Module and
the SI-COLUB Constant Load Unit. The Temperature Control Module and
Linear Motor Controller require two slots each on the chassis backplane.

ORDERING INFORMATION

SI-BMFA  Power Frame Enclosure

SI-MOT-MT Linear Motor for SI-HTBM system
SI-MOTDB Linear Motor Controller

SI-BAM21-LCB Optical Transducer Amplifier
SI-TCM2B  2-Channel Temperature Control Module
SI-COLUB Constant Load Module

SI-AOSUB  Anti-Oscillation Module

SI-PF100B Programmable Filter Module

www.wpiinc.com
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Signal Conditioning Amplifier System

Choose the amplifier modules you need to measure nearly anything!

Linear Motor Control Module

Features The SI-H Linear Motor Controller is designed for use with the SI-H line of
. h g id muscle physiology research platforms. For systems that require a linear

Powers the motor and provides 2 motor, this unit provides the precision control of the motor. A linear motor

an output !n_dlcatlng the actual UINEAR MOTOR CONTROL is required to perform mechanical muscle testing such as slack-tests,

motor position isotonic releases, constant velocity releases, stretch releases, after-loaded
contractions and eccentric contractions (intact muscle). The position of
the linear motor is determined by a combination of the data from the
controller indicating the current position and the DC value applied to the
front panel at the Position In port. The applied Position In signal can be
provided by a data acquisition system (LabTrax-MDAC to use standard
or customized protocols). The data acquisition analog output signal is set
to define the waveform and timing pattern of force to be applied to the
sample.

» Connects to Analog to Digital
Converter output of the
computer or data acquisition
system (like LabTrax-MDAC)
to allow the control of the
programmed waveform and
timing of the motor control

* Input range of +10 VDC

* Linear motor position is
determined by a DC value
applied from the Position In
port

e 2-Slot control module for a '
linear motor P .
g Y e
Benefits Ll

» Qver current protection that
automatically shuts down when

the supply voltage dips below s' The SI-MOT motor can be used with any SI-MTM-L Muscle Tester.
the reference value o e
* External £10 VDC position SI-MOTDB
command input for control by SI-MOTDB SPECIFICATIONS
a constant load module or data POWER REQUIREMENTS 12V DC provided by the chassis
acquisition system INPUT 10V DC
App“cations TRAVEL 1 mm/2 VDC current
MAXIMUM TRAVEL 7 mm (3.5 mm from center of travel)
* Slack test
* Isotonic release ORDERING INFORMATION
» Constant velocity release SI-MOT-MT Linear Motor for SI-MTM-L system

e Stretch release SI-MOTDB Linear Motor Controller

e Eccentric/concentric contractions (intact muscle)

Biofluorometer
Reliable, simplified and affordable LED based fluorometer

Recent advancements in optics and LED technology simplify
ratiometric calcium imaging, making this equipment more affordable. A
breakthrough in WPI patented technology allows the SI-BF-100 to use
wavelengths below 380 nm and produce more
light in those spectra. This technology significantly
cuts the cost of photometric calcium imaging
without sacrificing resolution or quality.

Streamlined system to reduce errors

Up till now, calcium imaging systems have been
required to compensate for errors and noise
introduced by the complexity of their design.
The systems require mechanical filters and

use expensive xenon or mercury light sources.
The beauty of the SI-BF-100 is its simplicity.
The elegance of its design reduces the noise
introduced into the system and the errors
inherent in traditional systems.

SI-BF-100 c E

This single wavelength spectrophotometer can be customized for your
specific application. See page 20 for details.

WORLD PRECISION INSTRUMENTS
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Optical Force Transducer
Amplifier Module

Features

* Designed for use with SI-H Muscle Tester
Platforms

BAMZI-LCE

¢ Rapid auto zeroing function with fine offset
adjustment

¢ Offset indicator LED's

* Multiple gain ranges with adjustable fine tuning
for precise calibration

¢ 1X 2X 5X, 10X gains. Optional factory setting
allows for 10X, 20X, 50X and 100X gains

Benefits

* Single amplifier that spans the entire SI-KG
optical force transducer line

* Manual calibration to the +10 V measurement
range, for covering maximum forces ranging
from 50 mN to 2N. When using the SI-KG7A, can
calibrate as small as 5 mN.

Applications

* Muscle physiology studies, including isotonic
studies

SI-BAM21-LCB

The SI-BAM21-LCB amplifier for SI-KG Optical Force Transducers is used
in conjunction with the SI-H muscle physiology systems. The SI-BAM21-
LCB powers the force transducer and converts the output of the
transducer to an amplified analog voltage that is proportional to the force
applied to the force transducer. The output signal can be multiplied by a
factor of 1, 2, 5 or 10 to provide better resolution for a minimal change in
applied force.

NOTE: An optional factory setting increases the multiplier by a factor of 10,
allowing the signal to be multiplied by 10, 20, 50 and 100.
The SI-BAM21-LCB amplifier works with SI-KG optical force transducers to:

* Generate an analog output (-10 VDC to +10 VDC) that is proportional
to the force applied to the tissue sample.

* Supply a DC voltage that powers the SI-KG force transducer to which it
is connected.

Also available in a single stand-alone enclosure, either version

provides an incredibly quiet, linear and stable transducer signal to
your data recording system.

BAM21-LC

aeidaelbarg

n Inatrsments Company

SI-BAM21-LC

WORLD PRECISION INSTRUMENTS

How the SI-BAM21-LCB amplifier works

In a typical setup, a muscle is held by a force transducer. The force
transducer is connected to the SI-BAM21-LCB. As the muscle contracts
or releases, the transducer converts the force into an electrical current
signal which is proportional to the force applied to the transducer. The
SI-BAM21-LCB converts the current signal into a voltage signal that can
be displayed on the screen of the recording device.

Before initiating an experiment, the SI-BAM21-LCB must first be zeroed.
This sets the baseline for measurements to follow.

The output signal is buffered and multiplied by 1, 2, 5 or 10, depending
on the Gain switch setting on the front panel of the amplifier module. The
%10 setting is useful when output signals are extremely small. Finally, the
force proportional signal is sent through the output amplifier circuit.

The analog output has a range of =10 V to +10 V that drives the
LABTRAX-MDAC data acquisition system, multimeter or oscilloscope.

NOTE: When the Signal Conditioning Amplifier System is configured at the
factory for an SI-HTB or SI-MT Muscle Tester system, the signal is routed
internally from the SI-BAM21-LCB module to the SI-AOSUB module.

SI-BAM21-LCB SPECIFICATIONS

INPUT CONFIGURATION Current to voltage converter
GAIN 1%, 2%, 5%, 10%
Optional factory setting: 10x, 20x%, 50x, 100x
INPUT OFFSET ADJUSTMENT +2.0VDC
OUTPUT IMPEDANCE 470 Q
POWER 12 VDC provided by chassis
OUTPUT RANGE +10VDC

ORDERING INFORMATION

SI-BAM21-LCB Optical Transducer Amplifier
SI-BAM21-LC  Stand alone Optical Force Transducer Amplifier

OPTIONAL ACCESSORIES/REPLACEMENT PARTS

LABTRAX-MDAC LabTrax 8/16 with MDAC software
2851 BNC Cable

SI-KG2 0-2 N Force Transducer

SI-KG2B 0-200 mN Force Transducer

SI-KG4 0-50 mN Force Transducer

SI-KG7a 0-5 mN Force Transducer

SI-KG7b 0-10 mN Force Transducer

SI-KGxx contact WPI for specialty transducers with different range

See Optical Force Transducers on page 22.

The stand-alone SI-BAM21-LC Force Transducer
Amplifier has all the capabilities of the Signal
Conditioning Amplifier module (SI-BAM21-LCB).

www.wpiinc.com
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Signal Conditioning Amplifier System

Choose the amplifier modules you need to measure nearly anything!

Temperature Control Module
Features

¢ Uses PID control to
maintain a constant
temperature with +0.1°C
tolerance

* Easy to control with simple
interface

¢ Also available as a stand-
alone device

¢ 2-Slot control module for
maintaining temperature
control

Benefits

¢ Controls two cuvettes
simultaneously

* User defined high and low
alarm warnings

Applications

¢ Muscle physiology
applications using SI-H

ﬂil-ﬂ-lclﬂllhu @

muscle tester platforms A Mot Previ

SI-TCM2B
The SI-H Temperature Control Unit is designed for use with the SI-H line
of muscle physiology research platforms. It maintains the temperature
of an SI-H cuvette up to 45°C. It is accurate to 0.1°C. The circuit is
appropriate to RTD (resistive temperature device) applications. It linearly
converts a temperature reading to a voltage that is displayed as a
temperature on the SI-TCM2 and can be recorded. This unit is available
in a stand-alone model and as a module for the Signal Conditioning
Amplifier System backplane.

Call for details and pricing information.

SI-TCM2 SPECIFICATIONS

INPUT CONFIGURATION Current to voltage converter

POWER REQUIREMENTS 12V DC at 2.5A 50/60 Hz wall adaptor,
2.5 mm ID/5.5 mm OD with positive
center DC barrel (included-WPI

#801513)
OPERATING TEMPERATURE RANGE  Room temperature
MAXIMUM TEMPERATURE 45°C
DISPLAY PRECISION 0.1°C
CONTROLLER RESOLUTION 0.1°C

CUVETTE TEMPERATURE SENSOR

ORDERING INFORMATION

SI-TCM2B  2-Channel Temperature Control Module
SI-TCM2  2-Channel Temperature Control, Stand-Alone

1000 Q RTD (1000 Q at 0°C)

Constant Load Module
Features

¢ Offers three modes including Constant Load,
External Loop and Bypass

CONSTANT
OAD

* Can be configured using LabTrax-MDAC data
acquisition system

Benefits

* Precise time resolution for feedback control in
isotonic muscle testing

Applications

¢ Muscle physiology applications using SI-H
muscle tester platforms

The SI-COLUB Constant Load Module for
performing constant load experiments, has
augmented flexibility. In its primary mode (Constant
Load) the unit takes an external trigger command
from the force transducer to perform a constant
load cycle. In addition, the module allows for a
different external trigger or you can completely
bypass the module without having to switch cabling.
The Constant Load Module lets you maintain

a constant force, muscle length or sarcomere
length rather than keep the total length of the
preparation constant during an isotonic test. This is
accomplished using a feedback loop.

The SI-COLUB monitors a designated parameter to determine how much
force is necessary. It also monitors a feedback signal. The motor position
command signal driving the motor is constantly adjusted to drive the
feedback signal to the commanded setpoint.

|:|Constant Load Mode
I:IE)dema[ Loop Mode
- Bypass Mode 7

Measured Force
(from SI-AOSUB
or SI-BAM21-LCB)

SI-COLUB

SI-COLUB

Force Step

|
Bypass

Feedback

External Trigger
(Like SI-SARCAM Camera)|

SI-COLUB SPECIFICATIONS

COMMAND REQUEST 10V
FEEDBACK 10V
MOTOR OUTPUT 10V

POWER REQUIREMENTS 12V DC provided by the chassis

ORDERING INFORMATION
SI-COLUB Constant Load Module

WORLD PRECISION INSTRUMENTS
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Anti-Oscillation Module
Features

* Neutralizes nearly 100% of the unavoidable
transducer oscillation in optical force transducer

¢ High time-resolution of the corrected force signal
in ms range

* Additional powerful signal smoothing with high
time fidelity for all higher harmonics

Benefits

* Goes beyond traditional low-pass filtering of an
oscillated signal

* No phase-shift in the force signal

* High time fidelity in following the applied step
signal

Applications

* All types of optical-based force measurements

Within a force transducer, the applied force displaces
an elastic component of the transducer. This
displacement is transformed into an electrical signal.
If the displacement of the elastic component is small
and if the displacement is linearly transformed into
an electrical signal, the external force and electrical
signal are linearly related to each other.

However, shortly after the force changes rapidly the
electrical signal does not follow the applied force SI-AOSUB
linearly, as the elastic element and the force transducer pin have a mass.
So, the system acts not only as an elastic device but also as a harmonic
oscillator, notably when the force changes rapidly, resulting in oscillation
of the system around the new displacement level (ringing phenomenon).
To address this problem, WPI's Anti-Oscillation Unit (SI-AOSUB) uses

a genuine electronic approach to remove the unavoidable transducer
oscillation, based on electronic differentiation of the force signal and
subsequent low-pass filtering of the resulting high-frequency signal.

|'1': 1
|.| ii
L.I“llin’,.”

nnh

To adjust the anti-oscillation filter
properly, the transducer is excited
at its resonance frequency using

a magnetic driver or pulser (WPI
#97204). The Pinger (WP| #97204)
is included with the anti-oscillation
module.

The upper trace is a force transient
obtained directly from the bridge
amplifier output, and the lower
trace shows the signal after it passes
through the anti-oscillation module.

SI-AOSUB SPECIFICATIONS

POWER 12 VDC provided by chassis
INPUT +10VDC
PULSER OUTPUT 0 - 10 VDC adjustable

0.1 Hz - 4.0 KHz
DAMPING FREQUENCY RANGE 0.1 Hz - 2.0 KHz
OUTPUT RANGE +10VDC

ORDERING INFORMATION

SI-AOSUB  Anti-Oscillation Module
97204 Pinger for Anti-Oscillation Module
2851 BNC Cable

WORLD PRECISION INSTRUMENTS
ORDER TOLL-FREE: (866) 606-1974 (U.S. only) + Tel: (941) 371-1003 -

Programmable Filter Module
Features

* Low Pass Filter

FF100

¢ Bessel and Butterworth filters
* Programmable cutoff frequency

¢ Signal may be routed through the backplane or
through the front panel BNCs

Benefits

¢ General purpose filter module for nearly all type
of noisy signal

Applications

* Muscle physiology applications using SI-H
muscle tester platforms

When you use a motor, an SI-PF100B
Programmable Filter is necessary to minimize

the natural vibration. It is designed so you can
eliminate the resonance frequency without
affecting the signal of interest. It is a low pass filter
set to pass signals of interest below the specified
frequency. It can be calibrated from 5 to 1,000 Hz.
You may select either a Bessel or a Butterworth
filter. Then, you must carefully select the cutoff
frequency based on the typical resonance
frequency of your force transducer and your own
experimental setup.

When the Signal Conditioning Amplifier System electronics are configured
at the factory with an SI-PF100B Programmable Filter, the signal is routed
internally from the amplifier module (SI-BAM21-LCB) to the SI-PF100B. If
you prefer, the signal may be routed from the amplifier through the ports
on the front panel of the Programmable Filter using a standard BNC cable.

SI-PF100 SPECIFICATIONS

POWER 12 VDC provided by chassis
INPUT + 10 VDC

CUTOFF FREQUENCY RANGE 5-1,000 Hz

FILTER TYPES BESSEL, BUTTERWORTH

ORDERING INFORMATION

SI-PF100B Programmable Filter Module
SI-PF100  Programmable Filter in Stand-Alone Enclosure

The Programmable Filter
Module as stand-alone
unit (SI-PF100) can be
used for filtering two
independent input signals,
with the installation of a
second SI-PF100B module
(not included).

www.wpiinc.com
Fax: (941) 377-5428 -
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Optical Sarcomere Spacing System

Measure sarcomere spacing with nanometer accuracy

=
Features i
o aroni e e
sarcomere length changes _T:- :::’“‘ ] Freset — e g—
* Sarcomere spacing Hiiisnic e T 8o L W Tmor
measurement with nanometer T .
accuracy Fanne s s s 64 bl il Sretea
* B Zwom Profils Autsfosun I
* NIH open-source pManager WIEE D B =~ Y P ST T ¥
software interface between image et o camaenc B0 KD Irpesiy mage 0 b, Deensin ES
USB 3.0 camera and = £
N R TR —— %
microscope [l cnie ar il i Sz v [ S 5
* Synchronous use of o Clikakkh =] b
Sarcomere Spacing plug-in ol s g = = e
and pManager software Sascarnssn i e-il
* User defined Region of Survmres ea il LA
Interest (ROI) for image 1
capturing from whole cell i — - -
down to a minimum of 6 E”'f’fﬂ_ 1 o r
consecutive sarcomeres E‘ |
* Compatible with Windows 10 E' e U
Benefits Frn
& a3 B ¥ ]

¢ Camera image capturing
using the standard pManager
software familiar to
researchers

* Use Image toolboxes for complementary image processing

* Live image processing and display of length changes in sarcomere
spacing of contracting muscle cells and fibers

* Synchronous storage of live images and processed data in user-
friendly MS Excel format, for further offline analysis

* User defined ROI setting allows focusing on specific cell regions and
changing image capturing speed

* High-speed USB 3.0 camera fits to all standard inverted microscopes
with C-Mount adapter

Applications

* (Cardiac muscle physiology
* Skeletal muscle physiology
* Quality control of muscle slices in meat industry

WPI's Optical Sarcomere Spacing System quantifies live images to detect
length changes in sarcomere spacing in nanometer accuracy during
twitch or tetanus contractions of muscle cells/fibers. The NIH pManager
software interface and WPI's image processing plug-in for sarcomere
spacing detection monitor and measure sarcomere length changes of the
contracting muscle cells in real time with an optimal frame rate of 500
FPS.

The Optical Sarcomere Spacing System fits perfectly with WPI's Cell Tester
system (SI-CTS200) to capture twitch contraction of cardio myocytes,
synchronous with the force signal. Extend the quantification by adding
measurements of Ca** or ATPase concentration of contracting muscle
cells/fibers using the WPI's Biofluorometer (SI-BF-100) simultaneously.

TTT i

UManager software interface and Optisarc image processing plug-in for
sarcomere spacing detection run simultaneously during live image capturing
of contracting cardio myocyte on selected ROI (Image with courtesy of Dr.
Michael Kohlhass, Universitdtsklinikum des Saarlandes, Homburg).

The Optical Sarcomere Spacing System can also be extended for
capturing sarcomere length changes in slow-twitch and fast-twitch skeletal
muscle cells/fibers.

Sarcomere spacing detection of any muscle slice is also possible using
genuine image processing methods for high reproducible measurements
of selected sarcomere regions in static images.

OPTISARC CAMERA SPECIFICATIONS

IMAGE SENSOR 1/2.5" 5 megapixel monochrome CMOS
ACTIVE PICTURE ELEMENTS 2,592 (H) x 1,944 (V).

MAXIMUM FRAME RATE 2,106 FPS @ 32 x 32.

OPTIMAL FRAME RATE 500 FPS @ 296 X 148

CONNECTION USB 3.0 Micro-B

ORDERING INFORMATION

SI-OSARC USB 3.0 CMOS Camera with OptiSarc software plug-in for
live image capture to detect sarcomere spacing

INV-101 Inverted Microscope with C-mount Adapter

SI-BF-100**  Biofluorometer

SI-CTS200** Cell Tester

pManager* was developed at Vale laboratory at UCSF, funded by an NIH
grant ROT-EB007187 from the National Institute of Biomedical Imaging
and Bioengineering (NBIB). https://micro-manager.org/ and
https://imagej.nih.gov/ij/

*Arthur Edelstein, Nenad Amodaj, Karl Hoover, Ron Vale and Nico Stuurman
(2010): Computer Control of Microscopes using uManager. Current
Protocols in Molecular Biology, Chapter 14, Unit 14.20, 22 pages.

** For simultaneously use with SI-BF-100 and SI-CTS200, ask WPI about
selecting an appropriate microscope.
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Ca** Detection in Muscle Tissue using
Fluorescence Spectroscopy

The use of fluorescent probes in cell physiology has
emerged as indispensable tool in the analysis of cell
functioning over recent years. The physics underlying
fluorescence is illustrated by the electronic-state diagram
(so-called Jablonski diagram, see Fig. 1), showing the
three-stage process to create the fluorescent signal
(Excitation - Excited/State Lifetime - Fluorescence
Emission) in a fluorophore/indicator and simplified
described below.

A st L

absorption
fluorescence

ENERGY

Incoming
light

& Ground State

Fig. 1- Jablonski diagram illustrating the processes of fluorescence by
absorption of higher photon energy by a fluorophore and subsequent
emission of lower photon energy, resulting in fluorescence during the
fluorescence-lifetime.

Fluorescence is obtained when an excitation photon (hve) from

an external source, such as a high-power LED, is absorbed by a
fluorophore that elevates its energy (S1'). During the fluorescence-
lifetime, the elevated energy (S1') decays to a lower energy state S1.
Then, fluorescence results in the emission of a photon with lower
energy (hvgy) and at a lower wavelength. Fundamental in spectroscopy is
the difference in energy or wavelength represented by (hvec-hvew), which
is called the Stokes shift. The Stokes shift allows efficient discrimination
of the excitation, making stokes

fluorescence a very sensitive |
technique and able to be detected
against a low background, isolated
from excitation photons.

emission

Fig. 2- Typical excitation and
emission spectra, showing the

lower wavelength of the excitation
source and higher wavelength of the
fluorescence.

Intensity

Wavelength

Four essential elements of

fluorescence signaling can be then identified to build up a detection

system:

¢ Excitation light source adapted to the absorption bandwidth of the
fluorophore (e.g. high-power LED of specific wavelength)

* Afluorophore/indicator (e.g. Fura-8 for free Ca?* detection in muscle
tissue)

¢ Emission wavelength filters to limit the bandwidth of the emission
photons or overlapping bands

* Adetector system that registers the fluorescence light and produces
a recordable output as an electrical signal (e.g. Photomultiplier
tubes).

Regardless of the application, compatibility of these four elements is
essential for optimizing fluorescence detection.

Example of free Ca? detection in muscle tissue

Typically, a fluorescent dye is introduced into tissue or single cells to
obtain a fluorescent response of the labeled molecule. A typical example
is the detection of the transient increase in the cytoplasmic/myoplasmic

WORLD PRECISION INSTRUMENTS

free calcium concentration (A[Ca?7]) as the intermediate signaling event
of the excitation-contraction coupling. The quantification of A[Ca?']

is done using a monochromatic light to excite the dye labeled Ca?*
molecule in a tissue/cell sample either in a tissue bath or microscopic
experimental set-up. The emitted fluorescence signal from the indicator
dye can be then used to monitor the amplitude and time-course of
the A[Ca*] detected by sensitive detectors, such as highly sensitive
photomultiplier tubes (PMT module) or cameras.

The ratiometric indicator dye Fura-8 was selected for the detection of
free calcium concentration (A[Ca?*]) in heart muscle tissue slices. Fura-
8 was excited at 365nm and 410 nm wavelengths and the emission
recorded at 535 nm wavelength in dual excitation/ single emission
mode. The advantages of choosing this ratiometric measurement
technique with dual excitation/single emission using Fura-8 were
minimization of movement artifact, cancellation of possible effects of
uneven loading, inhomogeneous distribution of fluorescence indicator
in the cells or indicator bleaching in the detection of free calcium
concentration (A[Ca%7) in the muscle tissue.

This allowed quantification and comparison between:

¢ High spatial versus high time resolution techniques on the human
left ventricular slices

* The possibility to measure free calcium concentration (A[Ca?*])
transients in a horizontal tissue bath on human left ventricular slices
or murine slices.

SANANJANIAN
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Fig. 3- Qualitative representation some results of free Ca2+ detection in
human heart slices using the SI-BF-100 system.

Average fluorescence intensities of Fura-8 loaded human left ventricular
slices detected at 525 nm, when excited at 340 nm and 410 nm,
respectively, and ratios calculated (lower trace) from the imaging data
of a Rolera EM-C2 camera (left). Right, the response of the SI-BF-100
detected at 525 nm, when excited at 365 nm and 410 nm wavelength
using two aperture settings and calculated ratios (lower traces).
Furthermore, fluorescent data collected with the small aperture setting
and low-pass filtered at 50 Hz is shown (from: Belz et al., Proc. SPIE
9702, 2016).

References

Belz M., et. al. Fiber optic Biofluorometer for physiological research on
muscle slices. Proc. SPIE 9702, Optical Fibers and Sensors for Medical
Diagnostics and Treatment Applications XVI, 2016.

Spectrophotometry. Wikipedia, the free encyclopedia, 2017 (Cross-
references).
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Biofluorometer

Reliable, 2-channel, LED-based fluorometer

Features

* Two photomultiplier inputs
* Light excitation with high power LEDs

* Modes: single excitation & single
emission, single excitation & dual
emission, dual excitation & single
emission

* 2 channel mode (two single excitation &
single emission)

* Optical connections: Liquid Light Guides
(LLGs) and SMA terminated fibers

* Sampling rates up to 1 kHz (1000 ratios/second)

* Automatic LED light drift correction for long term measurements
* Automatic room light correction

» Optional fiber optic probes for horizontal tissue bath applications
* Optional imaging probes for Langendorff systems

* Optional attachments for direct connection to fluorescence
microscopes via epifluorescence port (excitation) and C-Mount
(Emission) via liquid light guides

Benefits

* Versatile instrument for horizontal tissue bath, Langendorff and
microscope applications

¢ Warmup time < 1 minute

* Low bleaching mode (5% LED On time)

* (Can be combined with imaging based Sarcomere Detection System
(OptiSarc)

* SMA and Liquid Light Guide connections

* Single and dual emission or excitation detection methods

* 2-channel instrument for single excitation/single emission dyes

* Customized analysis technigues in WPI's MDAC data acquisition software

Applications

* Ratiometric calcium measurement and ATPase
* Fluorometric applications in neuroscience and cell biology

* The SI-BF100 is an LED-based fluorometer for life science applications.

It is ideally suited for ratiometric calcium detection (FURA-8) and
ATPase detection (via NADH fluorescence). With up to three LED
modules (wavelengths), the SI-BF100 covers many fluorometric

applications in neuroscience and cell biology.

The SI-BF-100 enables the detection and analysis of fluorescence signals
in four different modes:

* Single excitation/single emission-In this classical mode, a fluorophore
is excited at one wavelength and the fluorescence signal is detected
at a single higher wavelength using one photomultiplier. The
concentration of the analyte is directly proportional to the intensity of
the detected signal.

* Dual excitation/single emission-A fluorophore is excited at two
wavelengths and the fluorescence signal is detected at one
wavelength using one photomultiplier. The concentration of the
analyte is proportional to the ratio of the two detected fluorescence
signals. This ratiometric concept minimizes the effect of indicator dye
bleaching and motion artifact in experiments. A typical example is
the detection of free calcium in muscle tissue using the indicator dye
Fura-8™.

* Single excitation/dual emission-A fluorophore is excited at one
wavelength and the fluorescence signal is detected at two wavelength
using two photomultipliers.

* Dual excitation/dual emission-Two separate fluorophores are
excited at different wavelengths and the fluorescence signal of each
fluorophore is detected at two separate wavelengths using two
photomultipliers.

SI-BF-100

Experimental Setups

Possible experimental setups for the
SI-BF-100 include:

A: This SI-BF-100LLG setup depicts the
attachment to a fluorescent microscope.

In + Filiex &

O Faber g

B: This SI-BF-100LLG setup shows a single

fiber based detection system with a dichroic

mirror and an imaging system at the distal Sk
end of a liquid light guide. Dichroic mirrors Sarrple

are used in A and B to separate excitation

and emission light.

C: The SI-BF-100SMA setup has a round P i
shaped fiber bundle that is used to deliver |

excitation light to and pick up fluorescent R n
light from the sample (adapted from Belz et }

al, 2016). Sample

Single and dual emission probes

All probes use fibers with a 300 um core diameter. Excitation fibers have
1000 pm SMA connectors for Excitation and Double Emission Probes and
1500 pum SMA connectors for Single Emission Probes.

This SMA Single Emission Probe has a for muscle strips, where the middle
fibers are used for excitation and the rectangular fiber pattern, optimized
surrounding fibers are used for detection.

The Biofluorometer can

be connected to the
epifluorescence port of an
inverted microscope and its
high intensity LED light source
is used for excitation of the
corresponding dye.

Epifluoresence
Port

Emission Fiber

Excitation Fiber
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Biofluorescence of calcium use in heart
muscle slices with Fura-8

Calcium sensing

A specific target molecule in muscle contraction is Ca?" as key
intermediate signaling event between excitation and contraction of
muscle fibers, and thus essential for the analysis of the force development
in muscles. On the cellular level, force production is therefore directly
related to the transient increase in the myoplasmic free calcium
concentration. More specifically, the assessment of both parameters
simultaneously is therefore critical in the evaluation and interpretation of
the force development characteristics. Fluorescence techniques used in
conjunction with muscle research systems (like WPI's SI-MT-L or SI-HTB2)
to record muscle force is an innovative technique in cardiac muscle
and skeletal muscle physiology. WPI's Biofluorometer (SI-BF-100) was
specifically developed to monitor rapid changes in Ca?* transients, i.e.
AlCa?'].
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Organ bath setup: Average fluorescence intensities of Fura-8 loaded murine
myocardium slices excited at 365/410 nm wavelength and detected at 525
nm. Left, using two apertures for fluorescence detection via the microscope.
Right, same experimental condition using optical fiber fluorescence detection
with the SI-BF-100SMA in the organ bath, sampled at 1 kHz. The organ bath
data are low-pass filtered at 200 Hz or 50 Hz cut-off frequency. Adapted and
reprinted with permission from Belz et al., Proc of SPIE Vol 9702, 97020Q-1 -
97020Q-11, 2076.

Advantages using Fura-8 dye:

* More sensitive to calcium than Fura-2

* Higher signal-to-noise ratio than Fura-2

¢ Simplified dye loading by incubation for 1 hour at room temperature

* Emission peak response is shifted to longer wavelength (peak at 525 nm)
¢ Red-shift dual excitation wavelength (354 nm and 415 nm)

Application in heart muscle slices

The Biofluorometer opens a wide field in functional fluorescence research,
by studying the fundamental and/or applied aspects of the underlying
energetics and signaling aspects of muscle contraction. This is notably
useful in:

¢ Pre-clinical & Toxicological Studies:
*+ screening of potential drugs
+ evaluating the side effects of drugs
* evaluating models of cardiac disease

* Sports & Rehabilitation:
* disuse vs. overuse
* muscle damage
+ function for heart transplantation

The SI-BF-100 Organ/tissue bath setup with an SMA single emission probe
for direct sensing of calcium fluorescence signal. Photo courtesy of Professor
Andreas Dendorfer, Walter Brendel Zentrum, Miinchen, Germany.

WORLD PRECISION INSTRUMENTS

System configuration

The SI-BF-100 setup for detecting Ca?* transients via Fura-8 depends on
the excitation and emission wavelengths of the indicator dye Fura-8.
TheSI-BF-100 setup depends on your experimental paradigm and the
sample size of interest:

* BF-100SMA-C-Fura 8: direct sensing of calcium via direct
measurement in tissue sample

BF-1002XLG-C-Fura 8: direct sensing of calcium via microscope setup
in muscle cell or in small tissue sample

BF-100CAM-C-Fura 8: calcium imaging via microscope setup with
camera in muscle cell or in small tissue sample

BF-100SMA-C-Fura 8 Includes

SI-BF-100 Main Unit with SMA connection 1) SI-BF-T00SMA

(

HP LED 365 nm (1) 99209-1
HP LED 420 nm (1)99209-4
Optical Filter 535 nm, 43 nm BP (1) 802238
Single Emission Probe (1) 94650
BF-100CAM-C-Fura 8 Includes
SI-BF-100 Main Unit with LLG connection (1) SI-BF-100LLG
HP LED 365 nm (1) 99209-1
HP LED 420 nm (1) 99209-4
Optical Filter 535 nm, 43 nm BP (1) 802238
Liquid Light Guide @ 3mm (3) 802407
CM-CAM-2XLG Packaging (1)99259

BF-1002XLG-C-Fura 8 Includes

SI-BF-100 Main Unit with LLG connection 1) SI-BF-100LLG

(
HP LED 365 nm (1) 99209-1
HP LED 420 nm (1)99209-4
Optical Filter 535 nm, 43 nm BP (1) 802238
Liquide Light Guide @ 3mm (2) 802407
CM-2XLG Packaging (1) 99261

SI-BF-100 SPECIFICATIONS

MEASUREMENT PRINCIPLE  Fiber optic fluorometer with 2 inputs and 1 output

DETECTOR INPUTS 2 PMTs

EXCITATION High Power LED Modules: 365 nm, 420 nm, 470 nm,
530 nm (select any 3 modules, when ordering)

ANALOG OUTPUT RANGE 0-10v

OPTICAL CONNECTIONS Choice of Liquid Light Guide (LLG) or SMA connections

POWER 12 V/2 A (includes external 100 - 240 V / 50 - 60 Hz
power supply)

DIMENSIONS (h x w x d) 3.5x 17 x 131in. (88 x 431 x 330 mm)

ORDERING INFORMATION

SI-BF-100LLG Biofluorometer with LLG Optical Connections
SI-BF-100SMA Biofluorometer with SMA Fiber Optic Connections
C-Mount Microscope Attachment for 2x PMTs
C-Mount microscope attachment for 1x camera & 2x PMTs
Includes 1x camera C-Mount adapter with adjustable aperture

OPTIONAL ACCESSORIES/REPLACEMENT PARTS
SI-BF-SMA-UPGRADE Biofluorometer Upgrade Kit for SMA optical probes
SI-BF-LLG-UPGRADE  Biofluorometer Upgrade Kit for LLG connections
802407 Liquid Light Guide (LLG), 3mm diameter, 6 ft. long
M3301 Manual Manipulator for securing the probe
M10 Magnetic Base
94650 Single Emission, Small Tissue Probe
94689 Dual Emission, Small Tissue Probe

Check our website for new LED modules, emission filters and dichroic

mirrors for specific applications.
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KG Optical Force Transducers

* Simple calibration

* Different models to
accommodate a wide range of
forces and sensitivities

* Nearly insensitive to changes in
temperature/ambient light

* Extremely high level of linearity

e Virtually indestructible with

normal use SI-KG4

* KG transducers are required for
use with SI-BAM21 amplifiers

Tissue Mounting Hooks

Mounting hooks can be used in a variety of combinations, depending on
the type of tissue to be examined.

Mounting hooks are sold in kits. Currently, there are 11 kit configurations,
each available in four different sizes. The mounting hook size that is
required depends on the force transducer used.

Vascular hooks are available for mounting

blood vessels (rings). They are normally used \d

with a pair of blunt hooks (SI-TM8).

For larger muscles, screw clamps (SI-TM11) and spring clips (SI-TM9,
SI-TM10) are available.

The micrometer and motor receive a large (SI-KG4 size) tissue mount. If a
smaller tissue mount is used, the 97909 adapter is required. This adapter
is included with every SI-MT or SI-HTB system.

Ordering

When ordering tissue mounts, specify the tissue mount configuration and
force transducer to be used.

Tweezer Basket

TRANSDUCER SPECIFICATIONS

UNLOADED TRANSDUCER WITHOUT
TISSUE MOUNTING SUPPORT

Force . . Resonance

Range Range Noise Compliance Frequency
SI-KG7 0-5mN 0-05g 02pN 10 nm/mN 250 Hz
SI-KG7a 0-5mN 0-05g 04pN 5 nm/mN 500 Hz
SI-KKG7b  0-10mN  0-1g 1pN 1.5 nm/mN 550 Hz
SI-KG2 0-2N  0-200g 250pN 150 nm/mN 1.3 kHz
SI-KG2B 0-02N 0-20g 80pN 590 Hz
SI-KG4 0-50mN 05g 15uN 0.5 nm/mN 1.2 kHz
SI-KGxx Contact WPI for specialty transducers with different ranges.

SI-TM4

n
;;;Mlﬂ \JJ \ ﬂ

SI-TM6

51TV ﬂ SI-TM7 s
;\\} L\ \ \u>

SI-TM9 SI-TM10 SI-TM11

Force Transducer mount pictured on the left;
Motor/micrometer mount pictured on the right.

Pointed Hook Blunt Hook Spring Clip Screw Clip Tendon Hook

*The 97909 tissue
mount adapter tube
(0D:0.096 ", 1D:0.035")
allows you to use SI-KG4
size mounting hooks
with SI-KG2 size force
transducers.

ORDERING INFORMATION

Force Transducer Mount

Micrometer/Motor Mount

Force Transducers

SI-TM1 Papillary Muscle Basket
SI-TM2 General Purpose Pointed Hook
SI-TM3 Small Skeletal Muscle Tweezer
SI-TM4 Trabeculae Basket
SI-TM5 Papillary Muscle Basket
SI-TM6 Muscle Rings Blunt Hook
SI-TM7 General Purpose Tweezer

SI-TM8 Muscle Rings

SI-TM9 Strong Skeletal Muscle
SI-TM10 Strong Skeletal Muscle
SI-TM11 Very Strong Skeletal Muscle

Blunt Hook/Vascular Hook
Tweezer
Pointed Hook
Pointed Hook

Blunt Hook/Vascular Hook

Pointed Hook
Pointed Hook
Tendon Hook

Available for all force transducers
Available for all force transducers
Available for all force transducers

Basket Available for all force transducers
Tweezer Available for all force transducers
Blunt Hook Available for all force transducers
Tweezer Available for all force transducers

Available for all force transducers

Spring Clip SI-KG2, SI-KG2A, SI-KG2B Only
Spring Clip SI-KG2, SI-KG2A, SI-KG2B Only
Screw Clamp SI-KG2, SI-KG2A, SI-KG2B Only
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4-Channel Data Acquisition System with Software

Low noise, high resolution system with 8 analog input and 3 analog output channels

Features

* Powerful low-noise (<1 mV RMS)
and high-resolution (16 bits) data
acquisition system for sampling
up-to 8 analog input channels
and 3 analog output channels
simultaneously, using standard
BNC connections

* MDAC software provides easy POWER  USE
to use interface controlling,
with extensible standard and "P
customized Data Processing and
Analysis Tools

Benefits

¢ Online Channel Math operations, general purpose Fast Fourier
analysis (FFT) and digital filtering of Analog In channels

* Numerous basic signal forms can be combined to design experimental
protocols, for most physiological applications
+ Factory designed standard or customized protocols
+ Semi-automated data analysis toolbox

* Protocol repeat function to avoid time consuming protocol
programming of extended experiments

Applications

* Muscle physiology (Can be used with SI-MTM Muscle Testing Platform,
SI-CTS200 Cell Tester System, SI-HTB2 Horizontal Tissue Bath and
SI-BF-100 Biofluorometer)

¢ Stand alone general data recorder for Spectroscopy, Neuroscience
and Electrophysiology (Can be used with TBR4100 Free Radical
Analyzer, Extracellular Bioamplifiers like SYS-DAM50, SYS-DAMB80,
SYS-900A, ISO-80, EVOM2™ Volt Ohm Meter, ATC2000 Animal
Temperature Controller, BP-1 Blood Pressure Monitor or the BAT-12
Microprobe Thermometer)

* Instrument control for software triggered devices like A365/A385/
A395 Constant Current Stimulators, MPS-2 Perfusion System, SYS-
PV820/SYS-PV830 Pneumatic PicoPumps, Duo 773 Intracellular
amplifiers, and the SYS-TBM4M Transbridge Transducer Amplifier (e.g.
for FORT force transducers)

Knowledge of the physiological characteristics of muscle tissue can be
useful to quantify beneficial or adverse effects of drug supply on muscle
function in pre-clinical and toxicological studies, evaluating muscle
dystrophies, training effects in sports and rehabilitation (disuse vs.
overuse) and advanced physiology and biomedical research.

This is usually achieved by quantifying the contractile and/or the elastic
properties of muscle tissue. This needs the programming of different

and specific experimental protocols (isometric, concentric and eccentric,
isokinetic or isotonic), so that the physiological structure of interest can
be quantified. LabTrax-MDAC data acquisition software was designed for
use with WPI's Muscle Physiology line to test physiological characteristics
of muscle tissues in various conditions, using factory designed standard
or customized protocols. The semi-automated Data Analysis Toolbox

of standard protocols gives quick access to user-friendly, readable and
interpretable results of the experiments.

Variety of muscle physiology applications

The physiological response of muscle tissue to training, disuse, nutrition,
drug supply and others factors may be studied by adding accessories to
the system, like:

¢ Study of the muscle’s force production capacities in combination with
the Ca** release from the sarcoplasmic reticulum (SR) and ATPase
consumption. The perfect instrument for this is WPI's Biofluorometer
(SI-BF-100) in combination with any system of WPI's Muscle Physiology
line, controlled via LABTRAX-MDAC.

WORLD PRECISION INSTRUMENTS

LabTrax-8/16

¢ Study of the muscle’s force production capacities from direct muscle
or peripheral nerve stimulation. For this experiment, use WPI's
programmable isolated current stimulators (A365, A380 or A395),
controlled via LABTRAX-MDAC.

LABTRAX-MDAC provides easily used continuous stimulation protocols,

so that especially cardiac cells/tissue remain intact during experimental

resting periods.

LABTRAX-MDAC is also well suited for other software triggered

instruments or as a stand-alone general data recorder for selected WPI

Instruments.

Too L oE

Bl

The back panel of the Lab-Trax-8/16 has four analog outputs, digital inputs
or outputs, a USB port, power socket and power switch.

LAB-TRAX-8/16 SPECIFICATIONS

ANALOG INPUTS 8 BNC connections

INPUT RANGE + 10V
SYSTEM NOISE <1 mVRMS
ISOLATION 1,500V

OPERATING CURRENT 800 mA maximum

ANALOG OUTPUTS 4 BNC connections

OUTPUT RANGE + 10V

IMPLEMENTED FILTER 5t order low-pass Bessel filter with 3dB
cut-off frequency

OUTPUT IMPEDANCE 100Q
OUTPUT CURRENT 15 mA
DIGITAL 110 16/16 TTL (BNC or DB-9 Connector)

LOGIC HIGH VOLTAGE
LOGIC LOW VOLTAGE
ANALOG & DIGITAL INPUTS Operating voltage protected to +30V
PC INTERFACE UsB 2.0

RESOLUTION 16 bits

POWER SOURCE 12V DC

ORDERING INFORMATION

LABTRAX-MDAC Lab-Trax-8/16 with MDAC software
LAB-TRAX-4 4-Channel General Data Acquisition System
2851 BNC to BNC Cable

3.3V minimum
1.0 V. maximum

www.wpiinc.com
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Micromanipulators

Micromanipulators are used when precision work is conducted under a microscope. A
micropipette, electrode or probe can be mounted on a micromanipulator and move

as little as a micron at a time. This tool can be used for in vitro fertilization, patch

clamp experimentation, extracellular recording, microinjection and any application

requiring fine mechanical placement (resolution).
In addition to micromanipulators, WPI offers tilt bases, piezo translators and a

variety of stands.

Micromanipulators can be broken out into three broad categories

* Manual

* Manual/Motorized

* Motorized

MM3-3

MICROMANIPULATOR COMPARISON

SU-TRI0235

Micromanipulator Manuall or Resolution Travel Stands Tilt Base Piezo Notes
Motorized Translator
% 25 mm Fixed plgtfqrm .
Y: 25 mm S L el Carriesup to a
SU-TRIO235 Motorized <100 nm : standard holes, N/A N/A .
Z:25mm ) kilogram
: ) chamber insert and
Diagonal: 50 mm
gantry supports
Fixed platform
X:25 mm stage with imperial/ Carries up 10 a
SU-TRIO245 Motorized <100 nm Y: 25 mm standard holes, N/A N/A A P
: ) kilogram
Z:25 mm chamber insert and
gantry supports
: Fixed platform
é 52 2:: stage with imperial/ Quiet mode
SU-QUAD Motorized <100 nm Zl- 55 mm standard holes, N/A N/A eliminates electrical
. . chamber insert and noise
Diagonal: 30 mm
gantry supports
X (fine): 10 mm
0.01 mm (X fine) X 37 mm M9, M10, M10L,
M3301 Manual 01mm(XY,2)  Y:20mm 501622, 501623 o> M3 MPM20
Z: 25 mm
X (fine): 10 mm
: M9, M10, M10L,
KITE Manual 0.7 mm X 3'5 mm 501622, 501623 TBS, M-3
Y,Z: 20 mm
X: 25 mm M9, M10, M10L,
M325 Manual 10 pm ¥.Z: 10 mm 501622, 501623 o> M3
X: 37 mm
. M9, M10, M10L, i
MM] Manual 0.1 mm Y'. 20 mm 501622, 501623 TBS, M-3 Joystick control
Z: 25 mm
X (fine): 10 mm
10 pm (X fine) X: 37 mm M9, M10, M10L, : Holds two
MD4 Manual 100pm (X, Y,2)  Y:20 mm 501622, 501623 B> M3 electrodes
Z:25 mm
MM1 Manual (mini) 1.0 um 3 mm 225 g load
MM3 Manual (mini) 1.5 um 13 mm 340 g load
MM1-3 Manual (mini) 1.0 um 3 mm MB-2 225 g load
MM3-3 Manual (min) 1.5 um 13 mm MB-2 with MMTA 340 g load

(adapter)

UK: +44 (0)1462 424700 * wpiuk@wpi-europe.com * WwWw.wpi-europe.com
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Manual Micromanipulators

Popular manual micromanipulator

M-10
magnetic
stand sold
separately.

Left or right-handed versions
of the M3301 are supplied
with a standard 12mm clamp
(M2) and one microelectrode
holder (M3301EH,).

Features

* The most widely used micromanipulator
* Lightweight 550 g
* Sure, repeatable movement without drift

Benefits

* Control knobs clustered in 8 cm area in a single vertical plane for quick
resolution

* Right and left hand orientation options available

Applications
¢ Microinjection
* Electrophysiology recording

Weighing just 550 g and employing a slim space-saving design, this well-
built micromanipulator outsells all others worldwide for high precision
experiments where magnification is in the range of up to 250x. Its design
allows units to stand tightly grouped, since all control knobs project to
the rear. And because control knobs are clustered within an 8 cm area

in a single vertical plane, resolution is quick. The hand works blindly while
the eye monitors the microscopic image. Vernier scales allow readings to
0.1 mm; X-axis fine control allows readings to 10 pm.

The instrument employs rack-and-pinion drive, V-shaped guide ways and
cross roller bearings, so all movement is sure and repeatable, without
drift, side play, backlash or sticking. Contact parts are milled of hardened
steel for high performance and long life.

Economy manual micromanipulator

Features

¢ Vernier scales allow readings to 0.1 mm
¢ X-axis fine control allows readings to 10 ym

¢ Choice of optional M3 Tilting base which can be mounted to a table
with M6 screws

* Left or right-handed versions of the KITE micromanipulator are
supplied with a standard 12 mm clamp and electrode holder M3301EH

Benefits

¢ Control knobs clustered in the same plane for quick resolution
¢ Right and left hand orientation options available

Applications
¢ Microinjection
¢ Electrophysiology recording

The KITE is an economical manual micromanipulator that is perfect for
student use. It is available in right or left hand versions and is also sold
bundled with an optional M3 Tilting Base. Our 5 Ib. weight (WP #5464) is
frequently sold with this unit to provide stability.

KITE SPECIFICATIONS

TRAVEL RANGE RESOLUTION
X-axis Fine 10 mm 0.01 mm
X-axis 35 mm 0.1 mm
Y-axis 20 mm 0.1 mm
Z-axis 20 mm 0.1 mm

ORDERING INFORMATION

M3301 SPECIFICATIONS KITE-R Kite Manual Manipulator (right-handed)
TRAVEL RANGE RESOLUTION KITE-L Kite Manual Manipulator (left-handed)
X-axis Fine 10 mm 0.01 mm KITE-M3-R Kite (right-handed) + Tilting Base Combg*
Yaxis 37 mm 01 mm KITE-M3-L Kite (Ieft-handeq) + Tilting Base Combo
Y-axis 20 mm 0.1 mm *Requires 5464 weight
Z-axis 25mm 0.1 mm OPTIONAL ACCESSORIES
M3301EH Replacement Electrode Holder (14 cm long)
ORDERING INFORMATION 15873 Optional Angled Electrode Holder (13 cm long)

M3301R  Manual Manipulator (right-handed) M-3 80° Tilting Base M6 x T mm screw
M3301L  Manual Manipulator (left-handed) 5464 5-Ib Weight for Tilting Base (Shipping weight: 7 Ib (3 kg))
M3301-M3-R  Manual Manipulator (right-handed) & Tilting Base* 500475 Ball Joint, 7 cm long, for @ 8 mm Holder
M3301-M3-L  Manual Manipulator (left-handed) & Tilting Base* 500476 Ball Joint, 4 cm long, for @ 4 mm Holder

502105 Axis Adjustment Tool

*Requires 5464 weight

WORLD PRECISION INSTRUMENTS

M4C Microscope Stage Adapter
Also see magnetic stands (page 28)

www.wpiinc.com
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MICROMANIPULATORS

Miniature Micropositioners

One and three axis positioners for small jobs

MM1-C
clamp

MM1 Adapter

MM1 and MM1-3
Features

* Precise and smooth motion
* Lessthan 1 pm maximum wobble

Benefits

¢ Compact
* Provides precise and smooth motion with no backlash

Applications

* Oocyte injection with Nanoliter Injector

Single stage measures only 5 x 11 x 26 mm with 3 mm travel. Provides
precise and smooth motion with no backlash, positive spring loaded
carriage, straight within 1 pm and less than 1 pm maximum wobble.
Features fine 80 TPI screw adjustment. 10 mm square mounting surface
has a 3.9 mm tapped center hole for transmission and/or mounting.
Available in single X (MM1) and X-Y-Z (MM1-3) axis configurations.

MM3 and MM3-3

Features

* Opens 0-4mm
* Precise and smooth motion
e Lessthan 1 ym maximum wobble

Benefits

¢ Compact
* Provides precise and smooth motion with no backlash

Applications

* Qocyte injection with Nanoliter Injector

Single stage measures only 7 x 17 x 44 mm with 13 mm travel. Offers
precise and smooth motion with no backlash, positive spring-loaded
carriage, straight within 1.5 pm, and less than 1.5 pm maximum wobble.
Features fine 80 TPI screw adjustment. 13 mm square mounting surface
has a 7mm tapped center hole for transmission and/or mounting.
Available in single X (MM3) and X-Y-Z (MM3-3) axis configurations.

MINI-MICROPOSITIONER SPECIFICATIONS

MM1 MM1-3 MM3 MM3-3
AXIS X X¥-1 X XYL

STRAIGHT LINE ~ Within 1 pm over  Within 1 ym over ~ Within 1.5 um over  Within 1.5 pm over
ACCURACY 3 mm travel 3 mm travel 13 mm travel 13 mm travel

3.9 mm tapped 3.9mmtapped 7 mm tapped hole, 7 mm tapped hole,
CLEAR APERTURE hole, 8-32 thread ~ hole, 8-32 thread 5/16-16 thread 5/16-16 thread
LOAD CAPACITY 255 g Normal 255 g Normal 340 g Normal 340 g Normal
FINISH Black Anodized Black Anodized Black Anodized Black Anodized
WEIGHT 3g/axis 12 g/axis 14 ¢/axis 48 g/axis
TYPE Fine Screw Fine Screw Fine Screw Fine Screw
TRAVEL 3mm 3mm 13mm 13mm
ORDERING INFORMATION
MM1 Mini Micropositioner, one axis, 3 mm travel
MM1-3 Mini Micropositioner, three axes, 3 mm travel
MM1-A Mounting Adapter for MM1 and MM1-3
MM1-C Clamp for MM1 and MM1-3
MM3 Micropositioner, one axis, 13 mm travel
MM3-3 Micropositioner, three axes, 13 mm travel
MM3-A Mounting Adapter for MM3 and MM3-3

MM3-C Clamp for MM3 and MM3-3
MM3-ALL Complete 3-Axis Micropositioner & Magnetic Stand
MM1-ALL Complete 3-Axis Mini Micropositioner & Magnetic Stand
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TRIO™ 3-Axis Manipulators

Highly stable, motorized, 3-axis manipulator with 25 mm of <

movement on each axis

SU-TRI0245

Features

¢ Three independent axes - 25 mm orthogonal travel in X, Y and Z
¢ Sub-micron (less than 100 nm) resolution
¢ Carries up to a kilogram

¢ DIP switches on the Control box select direction of movement
produced by turn of the Control box knob

* USB interface for computer control

* The TRIO™ comes standard with a universal mounting system suitable
for the most popular headstages or pipette holders.

Benefits

¢ User selectable angle from 0 - 90° via Control box input
¢ Fast movement with a top speed of 3mm/sec (while homing)
¢ Mechanically robust construction for high stability

¢ Compact, fanless, user-friendly Control box controller preserves bench
and rack space

* Push button control of multiple functions - WORK, HOME, LOCK,
PULSE and RELATIVE

* Mechanical designs and software algorithms allow the motors to
power down completely during recording

Applications

 Suited for in vivo and in vitro electrophysiological recording
* Applications with noise-sensitive recordings

TRIO SPECIFICATIONS

TRAVEL SU-TRIO235:
SU-TRIO245:

25 mm on X and Y, 50 mm on diagonal
25 mmon X, Y and Z axes
55x75x4"(14x19 x 10.2 cm)

2.2 Ibs. (1.0 kg)

115/230V, 50/60 Hz

CONTROL BOX
WEIGHT
POWER

WORLD PRECISION INSTRUMENTS

SU-TRIO235

The new SU-TRIO245 is a highly stable 3-axis manipulator with

25 mm of travel on each axis. The TRIO's synthetic 4th axis can

be set in software as any angle between 0 and 90° for diagonal
movement. Based on a lead-screw design with a smaller overall
size and footprint than most manipulators, the SU-TRIO245 is ideal
for applications that require 2 pipettes in one setup or for setups
where space is limited.

The compact design of the integrated control box requires minimal
bench space. It provides quiet, fan-free operation, and is easy to
use. No rack mounted controller is required. Position coordinates,
in relative or absolute values, are displayed directly on the control
box. The TRIO manipulators use a logarithmic acceleration
algorithm that eliminates the need for speed selection. As the
knobs on the control box are turned faster, acceleration ramps up.
This allows for smooth and intuitive motion control of electrode
position without the need to stop and change speeds or lift your
hand from the knobs. A Y-axis lockout function (accessible by DIP
switch) is also available, allowing X/Z-only axial movement during
HOME and WORK repositioning.

An alternate configuration, the SU-TRIO235, removes the Z axis and
replaces it with an adjustable diagonal axis. This configuration pairs
a traditional X and Y axis with a diagonal axis that can be adjusted
in angle with a set screw. The diagonal features 50 mm of travel
with X and Y axes that have 25 mm of travel. On this model, we
have added software to create a synthetic “Z-axis” by combining
the diagonal and X axes in reverse of how we create a synthetic
diagonal axis on our other manipulators. The SU-TRIO235 and
SU-TRIO245 both feature the same precision bearing and lead-
screw design.

ORDERING INFORMATION

SU-TRI0235  3-Axis Motorized Micromanipulator with X, Y, D Control
SU-TRI0245-L 3-Axis Motorized Micromanipulator with X, Y, Z Control (left-hand)
SU-TRI0245-R 3-Axis Motorized Micromanipulator with X, Y, Z Control (right-hand)

505069 7-Axis Vertical Extension for Quad/Trio
505071 Rotating Base for MP225 Mechanical
505073 4-in. Dovetail Extension

505074 Mounting Adapter Plate

505085 Rod Holder for Motorized Manipulator

Basic systems include the manipulator, controller, rod holder, 4-inch dovetail
extension, mounting adapter plate, Z-axis vertical extension, cables, and power

supply

www.wpiinc.com
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MICROMANIPULATORS

QUAD® 4-Axis Motorized Manipulator

4-axis motorized manipulator with 25 mm of movement on each axis

Features

* Four independent axes - 30 mm travel in diagonal for coaxial pipette
movement, 25 mm travel in X, Y and Z

* Sub-micron 100 nm resolution

* Quiet mode eliminates electrical noise

* True diagonal assures coaxial movement

* USB interface for computer control

Benefits
* Compact, fanless, user-friendly control box preserves bench and rack
space

e Push button control of multiple functions - WORK, HOME, LOCK,
PULSE and RELATIVE

* Robotic HOME and WORK position moves for easy automated pipette
exchange

» Display indicates coordinates in relative or absolute
* Five conveniently located control buttons

* When you are ready to begin collecting data, the motor drive
electronics can be suppressed

Applications

* Suited for in vivo and in vitro electrophysiological recording
* Cell penetration
* Applications with noise-sensitive recordings

QUAD SPECIFICATIONS

TRAVEL 30 mm on the diagonal 4th axis
25 mm on the X, Y and Z axes
55x75x4in.(14x19x10.2 cm)
2.21b. (1.0 kg)

115/230V, 50/60 Hz

CONTROL BOX
WEIGHT
POWER

SU-QUAD-R

The QUAD® motorized micromanipulator is easy to use and
features four independent axes. Each axis has a 25 mm range of
motion, a digital display of position and a control box. The compact,
intuitive controller takes up minimal bench space, is fan free and

is easy to use. Three axes provide the X, Y, Z-orthogonal motion
typical of most motorized micromanipulators. In the QUAD® a true
fourth axis moves the electrode coaxially at exactly the desired
angle of approach. The fourth axis has 30 mm of travel that
significantly extends the range of travel for the system.

The QUAD® is very easy to operate. It includes a control box with
digital display of position. The control box inputs for each axis
allow facile manual control of electrode position. Five conveniently
located buttons control all of the basic functions that you will need
in normal operation. Press and hold the WORK button to quickly
store a work position; press WORK again and the manipulator will
return to the same location. HOME sends the manipulator to an
initial location or any user defined position, which is useful for
changing electrodes rapidly. When you are ready to begin collecting
data the motor drive electronics can be suppressed by pressing
LOCK. Display coordinates can be zeroed at any location by pressing
RELATIVE; go back to absolute coordinates by pressing RELATIVE
again. Finally, PULSE activates a pulse movement mode that
produces small, rapid bursts of motion that can be advantageous
for sharp electrode cell penetration.

ORDERING INFORMATION

SU-QUAD-L 4-Axis Motorized Micromanipulator (left-hand)
SU-QUAD-R 4-Axis Motorized Micromanipulator (right-hand)

505069 Z-Axis Vertical Extension for Quad/Trio
505070 Mounting Adapter Plate for Quad
505071 Rotating Base for MP225 Mechanical
505073 4-inch Dovetail Extension

505085 Rod Holder for Motorized Manipulator

WORLD PRECISION INSTRUMENTS
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Specialty Micromanipulators

Joystick Controlled Manual

Micromanipulator

M3301EH
electrode holder
included

q3

MMYJR (right-handed controls)

Features

e Xaxis can be tilted 90°

* Easy steering motion that translates normal hand movement into
smooth sub-millimeter shifts

Benefits

¢ Fine adjustment for the X and Y axes can be controlled by the joystick
¢ Joystick manipulation

Applications

¢ Oocyte injection with Nanoliter Injector

ORDERING INFORMATION

MMJR Joystick Micromanipulator (right-handed)
MM]JL Joystick Micromanipulator (left-handed)

Options and replacement parts listed below

Micrometer Slide Micromanipulator

The M325 can be configured
from left- to right-handed

version in 60 seconds! Toolholder rotates around

two axes, can hold
tools from &3.0 mm to
@12.7 mm.

M3301EH
electrode holder
included

Mounts onto horizontal
or vertical rods — any
diameter from 10 mm to
12.7.mm.

Features

¢ Built of precision micrometer-actuated linear slides
¢ (Can be configured for right or left hand use
* Resolutionis 10 pm

Benefits

¢ Each slide is comprised of a large micrometer head and a spring-
return linear slide

* Micrometer head is graduated in 10 pm steps which enables
repeatable positioning to an accuracy of 2 ym

Applications
¢ Electrophysiology recording and injection

ORDERING INFORMATION

M325 3-Axis Fine Controlled Manual Micromanipulator
Options and replacement parts listed below

M3301EH
electrode holders
included

MDA4L with left-
hand controls

M-3 Tilting Base sold separately.

WORLD PRECISION INSTRUMENTS

Features

* Scales allow coarse adjustment readings with an accuracy of 100 pm
* X-axis fine control is achieved with a micrometer screw

Benefits

* Dual electrode holders

Applications

* Electrophysiology differential amplification

ORDERING INFORMATION

MD4R Double-Holder Micromanipulator (right)

MD4L Double-Holder Micromanipulator (left)

MD4-M3-R Double-Holder Micromanipulator (right) + Tilting Base
MD4-M3-L Double-Holder Micromanipulator (left) + Tilting Base

OPTIONAL ACCESSORIES/REPLACEMENT PARTS

M3301EH Replacement Electrode Holder (14 cm 5 & 7.2 mm)

15873 Angled Electrode Holder (13 cm long)
M4C Microscope Stage Adapter
500475 Ball Joint, 7 cm long, for @ 8 mm Holder

500476 Ball Joint, 4 cm long, for @ 4 mm Holder

www.wpiinc.com
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Magnetic Holding Devices

/N

12mm & x 25 mm

M9

Mechanical clamp tightens three rotatable
joints simultaneously with one locking knob.
Arm adjusts without distortion. Base exerts
100kg magnetic force for great stability. Fine
adjustment for precise operations included.
Magnetic Base:

50 (w) x 60 (1) x 55 (h) mm

(2.2 x24x22in.)

M10

Similar to M1 with a 12mm diameter sub
pole (fits 12mm clamp supplied with M3301,
DC3001, MD4 and MM] manipulators).

Magnetic Base:
50 (w) x 58 (1) x 55 (h) mm
(2.0 x23x22in)
Vertical Holding Power:
80 kgf (176 Ib force)

Useful as a probe holder,
the M11 is not suitable
for heavier items such as

mlcromampulators. M11

M11

Bends freely for maximum flexibility. The
connecting arm twists and bends like a snake.
Lock the arm in position with a flick of the
controlling lever.

Magnetic Base:
50 (w) x 58 (1) x 55 (h) mm
(2.0 x23x22in.)
Vertical Holding Power:

M10L

Same as M10, but equipped with a taller (14-
inch) vertical main pole.

Magnetic Base:
50 (w) x 58 (1) x 55 (h) mm
(2.0 x2.3x2.2in)
Vertical Holding Power:
80 kgf (176 Ib force)

Vertical Holding Power: . Main Pole:
100 kgf (220 Ib force) Ma'"_me: _ diameter: 14 mm (0.55in.) .80 o (,176 lofore)
Arms: diameter: 14 mm (0.55in.) gt 356 mm (14in) Malanole. ‘
U 119 mm (47 in.) length: 178 mm (71in.) sub Pole: diameter: 16 mm (0.63 m..)
1 106 mm (4.2in.) Sub Pole: diame.ter‘ 47y length:  315mm (124 1n.)
13 25 mm (0.98 in.) diameter: 12 mm (0.47 in.) enoth ' o Sub Pole:
@ 12mm 04721n) length: 165 mm (6.5 in.) ength: 165 mm (6.51n) none
Clamp Hole: Clamp Hole: Clamp‘HoIe: Clamp Hole:
none Adjustable from 4.5 mm to 6.5 mm Adjustable from 4.5 mm to 6.5 mm Adjustable from 6 mm to 8 mm
Weight: Weight: Weight: Weight:
1.8kg (41b.) 1.8kg (41b.) 1.8kg (41b.) 14kg(31b.)
Mo Magnetic Stand M10 Magnetic Stand M10L  Magnetic Stand M11 Magnetic Stand

or equipment

Small but very powerful. Holds 2 kilograms (~5 pounds
Steel ball rotates freely 360° on a 180° axis

M3 mounting screw on ball for attachment to equipment
Magnet base threaded (M3) for mounting onto a base 23

This novel magnetic ball joint has phenomenal holding
power for up to 2kg of attached weight while permitting omm

the ball a full 360° rotation on a 180° axis. You can

freely orient your equipment to an infinite number of positions within
this rotation. This is made possible by the combination of a steel ball (10

Powerful Ball Joint Rare Earth Magnet

Construct holding devices for small parts/equ:pment

)l M3 x12mm —

mm diameter) and a powerful rare earth magnet
contained in the magnet cylinder (10 x 20 mm).
Convenient M3 attachment sites are provided on
both the ball (male) and the magnet base (female).
For use with micromanipulators for the positioning
and holding of optical instruments including various
lighting sources and lasers, pipettes and any small
parts that would benefit from the flexibility offered by
this new magnetic ball joint.

500871

ORDERING INFORMATION

500871 Magnetic Ball Joint

WORLD PRECISION INSTRUMENTS
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The base of each stand exerts a powerful magnetic force that

holds it solidly on ferrous metal surfaces — even vertically or

upside down

5-6.5 mm &

MB2

MB2

Mechanical clamping type tightens three joints
simultaneously. Arm is freely adjustable without
distortion. Equipped with fine adjuster and
medium size magnet for stabilizing the base.
Suitable for performing precision operation. Fits
cdlamp for MM1-ALL and MM3-ALL.
Magnetic Base:

30 (w) x 35 (1) x 35 (h) mm

(1.2x14x14in.)
Vertical Holding Power:

17 kgf (37 Ib. force)
Arm:

L1:46 mm (1.81n.)

[2:46 mm (1.8n.)

[3:39mm (1.5in.)
Clamp Hole:

Adjustable from 5 to 6.5 mm
Weight:

0.38 kg (0.83 Ib)

ORDERING

MB2 Compact Magnetic Stand

Aball joint at the base of the main post allows
360° rotation, offering considerable versatility.
The second arm adopts angles up to 75°.

Magnetic Base:

50 (w) x 58 (1) x 55 (h) mm

(2.0 x23x2.2in.)
Vertical Holding Power:

80 kgf (176 Ib. force)
Main Pole:

diameter: 12 mm (0.47 in.)

length: 194 mm (7.6 in.)
Sub Pole:

diameter: 10 mm (0.39 in.)

length: 165 mm (6.51n.)
Clamp Hole:

Adjustable from 4.5 mm to 6.5 mm
Weight:

1.8kg (41b.)

ORDERING

M3 Magnetic Stand

M1

A precision base providing stable support for
such devices as electrodes and manipulators.
Adjustable second arm adopts a variety of
angles.

Base:

50 (w) x 58 (1) x 55 (h) mm
(20x23x2.2in.)
Vertical Holding Power:
80 kgf (176 1b. force)
Main Pole:
diameter: 12 mm (0.47 in.)
length: 176 mm (6.9 in.)
Sub Pole:
diameter: 10 mm (0.39in.)
length: 165 mm (6.5in.)
Clamp Hole:
diameter: 4.5 mm and 6.5 mm
Weight:
1.8kg (41b.)

ORDERING

M1 Magnetic Stand

10 mm &

M1L

Same base and support arm as M1, but
equipped with a longer (14-inch) vertical post.

Base:
50 (w) x 58 (1) x 55 (h) mm
(2.0%x23x%2.2in.)
Vertical Holding Power:
80 kgf (176 Ib. force)
Main Pole:
diameter: 12 mm (0.47 in.)
length: 356 mm (14 in.)
Sub Pole:
diameter: 10 mm (0.39in.)
length: 165 mm (6.5 in.)
Clamp Hole:
diameter: 4.5 mm and 6.5 mm
Weight:
1.8kg(41b.)

ORDERING

M1L Magnetic Stand

M5 — @10 mm clamp

Versatile Manipulator Mounting Clamp

Mount your Micromanipulator

Three of the stands above — M1, M1L and M8 — have 10

mm diameter mounting rods. The standard mount on several

WPI manipulators (DC3001, KITE, M3301, MMJ, and MD4)
accommodates a 12 mm rod. In order to use one of these three
stands, you will need to replace the manipulator's standard 12mm
mounting clamp with the optional M5 clamp.

ORDERING INFORMATION

M5 @10 mm Clamp

WORLD PRECISION INSTRUMENTS
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Magnetic Holding Devices

A solid platform for mounting your manipulators

501651

Round Base

An ideal accessory for optical tables and
vibration-free platform. Reduces experimental
set-up time by allowing free positioning and
instant clamp down of optical components.
Switchable ON/OFF magnetic circuit permits
fine adjustment and precise positioning.
Easy ON/OFF operation using lever
Thin and powerful magnetic force
Generous array of tap holes
Holding Power:
20 kgf (44 Ib. force)
Dimension:
75(0D) x 20 (h) mm
2.9(0D)x 0.8 (h)in.
Mounting Hole:
4-M4x0.7, depth 6 mm*
M8x 1, depth 6 mm
Span 35 mm
Weight:
0.7kg(151h)

ORDERING

501651 Magnetic Base,
75 mm diameter
503568 Magnetic Base,
50 mm diameter
* Posts with M4-threads not available
from WPI.

Base Plates

A magnetic stand requires a steel mounting
surface. WPI's steel base plates have plenty
of mass to give stability to your experimen-
tal setup. Beveled edges make them easy

to handle. Rubber feet hold them off the
benchtop, making them easier to grasp when

503570

Square Base

An ideal accessory for optical tables and
vibration-free platform. Reduces experimental
set-up time by allowing free positioning and
instant clamp down of optical components.
Switchable ON/OFF magnetic circuit permits
fine adjustment and precise positioning.
Easy ON/OFF operation using lever
Thin and powerful magnetic force
Generous array of tap holes
Holding Power:
20 kgf (44 b. force)
Dimension:
65 () x 65 (1) x 20 (h) mm
2.6 (W) x 2.6 (1) x 0.8 (hyin.
Mounting Hole:
8-M4 x0.7, depth 6 mm*
M8x 1, depth 6 mm
Span 25 mm
Weight:
0.6kg(1.31b))

ORDERING

501653 Magnetic Base,
65x65 mm
503569 Magnetic Base,
45x45 mm
503570 Magnetic Base,
90x90 mm
503571 Magnetic Base,
120x120 mm
* Posts with M4-threads not available
from WPIL.

5479

moving. The special black coating provides a
durable, protective, non-reflective finish.

5052

30.5%61x1 cm (12x24x3/8-in.)

501652

MOBITY

MOBITY™ is a new magnetic clamping system.
With its ease of use, only one hand is needed
to operate the attractive power. The MOBITY™
has a strong 88Ibf pull, yet weighs only 1.5 Ibs.
MOBITY™ meets various applications with 4
tapped holes on the top surface. Requires (1)
9V alkaline battery (included).
Holding Power:

40 kgf (88 1b. force)
Dimension:

55 (W) x 73 (1) x 50 (h) mm

2.2 (W) x 2.9 () x 2.0 (hy in.
Mounting Hole:

3-M4, depth 20 mm*

M8, depth 15 mm
Weight:

0.7kg(1.51b.)

ORDERING

501652 MOBITY Magnetic
Clamping System

* Posts with M4-threads not available
from WPI. .

5052

M7

A small holder ideal for use where space is
limited. Main post unscrews from base which
may then be used alone as a switchable
magnetic holder.
Magnetic Base:

30 (w) x 35 (1) x 35 (h) mm

12w x 1A x 14 (h) in.
Vertical Holding Power:

20 kgf (44 Ib. force)
Main Pole:

Diameter: 7 mm (0.28in.)

Length: 52 mm (2in.)
Clamp Hole:

Diameter: 6 mm
Weight:

036 kg (0.81b.)

ORDERING

M7 Compact Magnetic
Stand

21.6x30.5x1.3 cm (8"5x12x":in.)

ORDERING INFORMATION

Steel Base Plate, 4.5 kg (10 Ib)

5479

Steel Base Plate, 14.5 kg (32 Ib)
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Mounting a Manipulator

Tilting Base with Screw Adjustment Manipulator Clamps
At last! A tilt base you can operate Interchangeable clamps allow manipulators to be mounted on a
with one hand! variety of supports.

Adjust tilt angle easily by
simply turning knob of
threaded shaft.
M5 & 10 mm clamp
i M2 @12 mm clamp
43

M6 & 12.7 mm (%-in.) clamp

ORDERING INFORMATION

6.5in. — >

Tighten /ockmg/screw to
lock platform angle.

Features

* High precision and
stability

¢ Tilt angle up M2 & 12 mm Clamp
to 35° M5 & 10 mm Clamp
* 1.6kg(3.51b) M6 @ 12.7 mm (-in.) Clamp
steel base
provides stability for TBS
your micromanipulator .
¢ Holes also allow permanent mounting to your bench top Mount a manIPUIator on your
¢ Adjust tilt angle by turning knob microscope Stage
* Manipulator mounting bracket included
Benefits

* 13x15 cm (5x6 in.) footprint saves space in your work area

¢ Two sets of mounting holes are pre-drilled for WPI manipulators

(M3301R shown) but steel platform may be drilled for mounting other
devices
. . 12 mm diameter
Applications support arm
* Microinjection Quick, secure mounting
* Electrophysiology amplification to any microscope stage (3
¢ Stimulation (max. opening: 20 mm) .
MA4C Microscope
Stage Adapter
ORDERING INFORMATION — clamps onto
TBS Tilt Base with Screw Adjustment microscope stage

to provide a stable
support for any
manipulator with a
@12 mm clamp.

Shipping Weight 7 Ib.

Ball-joint holder attachment

Here’s a new angle for mounting

«< 7/ cm >

- 7.9 mm @.
The M4C is shown

500475 mounted on a microscope 4
stage. ’

A

ORDERING INFORMATION
500475  BallJoint, 7 cm long, for O.D. 5-9 mm Electrode Holder (shown) M4c Microscope Stage Adapter

ORDERING INFORMATION

500476 Ball Joint, 4 cm long, for O.D. 2.8-4.5 mm Electrode Holder
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Environmental Control for Live Cell Microscopy

Incubation and environmental control for long term imaging of cellular growth

Features

* Unique diffusion grid, combined with
air input and return vents, provide an
air flow pattern for consistent, even
heating, with no hot or cold spots in
the chamber

* External heater that can be placed far
enough from the system to eliminate
electrical and vibrational interference
from the heater

* High degree of temperature precision
and stability

* Minimal focal drift after equilibrium
is achieved—accuracy +0.1°C at the
sample itself, and 0.2°C across the
microscope stage (allowing for uniform
heating of multiwell dishes)

* Airflow pattern and temperature
uniformity eliminate dramatic changes
in environmental temperature when
the incubator door opens

* Ergonomic design for ease of use—
The focus and x/y stage controls
are outside of the incubator itself.
Large doors allow easy access to the
specimen and small ones for cords,
tubing, etc.

* Precision, shielded temperature probe

* Simple, one person setup of the system

Benefits
* Choice of controller to manage air flow,
heat, carbon dioxide and oxygen

* Control and monitor an external heater or lens warmer with ECU or
control and monitor temperature and monitor humidity with
ECU-HOC

 Diffuser grid and proper air venting insures consistent air flow inside
the acrylic microscope chamber

Applications

* Live cell imaging under a microscope
* Time lapse video research

This Live Cell Microscope Incubator was extensively tested in laboratories.
When compared with other systems, it offers dramatic advantages. For
example, other incubators for live cell microscopy rely on passive, random

ECU-HOC

Heater*
This diagram shows how
the Stagetop environment
connects with the ECU-HOC to
control heat, air flow, carbon
dioxide and oxygen.

Mixed Gas Flow

Incubator on a Nikon Eclipse TE-2000 Microscope. Incubators for Zeiss

and Olympus microscopes are also available, as well as versions that
accommodate confocal modules. All incubators are compatible with all
commercially available cameras, light sources, filter wheels, motorized stages
and motorized nose pieces.

diffusion of heated air from a single source to maintain the desired
temperature setpoint. With no hot air return vent, the heated air escapes
from the system through cracks at the microscope/incubator junction in
an uncontrolled, random fashion. These systems offer no temperature
uniformity, suffer from focus drift and often experience electrical and
vibrational interference from the heater. You will also notice dramatic
temperature drifts when the imaging environment is disturbed.

STEV2

Main Interface Cable

*Aux. heater could be a lens warmer or an AirTherm
Satellite heater (for a full microscope enclosure).
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Choice of controller to manage heat, CO, and O,

This unique, acrylic Live Cell Imaging chamber, combined with an
Environmental Control Unit (ECU) and an AirTherm controller, ensure
precision control of your incubator environment.

The ECU comes in different varieties so you have all the control you
require.

* With the ECU-HS5, you can control air flow and heating.

* In addition to air flow and temperature control, the ECU-HC lets you
control the carbon dioxide level. It has an internal sensor.

* The ECU-HOC adds control of the oxygen level, which is accomplished
by displacing the oxygen with nitrogen.

Control external heater and monitor humidity

The first four ECU units are capable of controlling a simple, external
heater, like the AirTherm Satelite (AirTherm-SAT) or a microscope lens
warmer. The AirTherm-SMT can monitor and control temperature and
monitor humidity level inside the microscope chamber.

Diffuser grid and venting for consistent air flow

Air flow affects the temperature uniformity of incubators. The red arrows
on Fig. 1 and Fig. 3 indicate air flow. The Live Cell Microscope Incubator
uses a diffuser grid and proper venting to insure consistent air flow.
Traditional incubators with poor air flow suffer with hot and cold spots
in the incubator, as seen in thermal images (Fig. 2 and Fig. 4). Warmer
temperatures are indicated by red and cooler temperatures by blue.

Fig. 1—Single air input and no
venting causes random air flow in
a traditional incubator.

Fig. 2—Hot and cold spots result
from inconsistent flow.

y

Fig. 4—Consistent air flow means
uniform heating.

Fig. 3—A diffusion grid with air
input and exhaust vents yields
consistent air flow.

AIR-THERM-SMT

ce

WORLD PRECISION INSTRUMENTS

AIRTHERM-SAT C€

This humidifier may be used inside a microscope chamber for controlling the
humidity inside the stagetop environment chamber.

ORDERING AN ENVIRONMENTAL CHAMBER

Acrylic enclosures are essentially custom-built. When ordering a
system, you will need to provide the following information:

Microscope Stage Stage-Up
Perfect Focus Camera Left Port
Right Port Analyzer Fluor Attachment
Tirf White Light Tirf Binocular D Head
Tilting Head Filter Wheels Excitation
Emission Dual Lamphouse  Transmitted Light Shutter
Cells 35 mm/60 mm Wells
Coverslips

ORDERING INFORMATION

FULL CHAMBER SYSTEM WITH ECU CONTROLLER & NEW
AIRTHERM-SAT/SMT

All Systems Include: Proprietary Humidification Module, Stage
Adapter, Stage Dish with Optical Grade Glass
FC-HC Microscope Environmental Chamber, Heat & CO, Controller
Requires 100% CO, & ambient air supplies.

FC-HOC Microscope Environmental Chamber, Heat Controller, CO,
and O, Controller

FC-H5 Microscope Environmental Chamber, Heat Controller, Digital
Control for Bottle Gas

FC-SMT Microscope Environmental Chamber, Heat Controller
(AIRTHERM-SMT instead of ECU)

Requires pre-mixed 5% CO, gas supply
300626 Optional Humidifier for AirTherm-SMT

www.wpiinc.com
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Stagetop Environmental Control

Control temperature and CO, in a microscope stagetop environment

Features

* Four programmable digital control loops:
Independent incubator base temperature PID control with +0.1°C
precision
Independent incubator lid temperature PID control with +0.1°C
precision
CO, digital PID control with £0.1% precision
Airflow digital PID control from 0-900 SCCM

* USB-based remote control and data logging

* Electronic flow meter

* Programmable alarm for out of tolerance condition on all four
channels

* Compact and lightweight
Benefits

* Compact housing that fits most inverted microscope stages and holds
standard culture well plates

* Control temperature and CO,, O, using the Environmental Control Unit
(ECL)

* Control and monitor system parameters using the ECU

Applications

 For short term or long term studies of living cell cultures under a #
microscope (Live Cell Imaging)

* Time lapse video research

Time lapse video research requires a microscope stagetop incubator.

Compact housing fits most inverted microscope stages
Perfect for live cell imaging, STEV2 (the stagetop environmental control
platform) is a compact environmental case that houses your culture wells
and fits on a microscope stage inside the live cell microscope incubator.

Control temperature and CO,and O,

This system offers precision control of both temperature and carbon
dioxide, as well as remote control and data logging via a USB connection.
The system is flexible and easy to configure for a variety of experimental
conditions.

Control and monitor system parameters

The system includes the Environmental Control Unit electronics which use
four programmable loops to control the temperatures of the case and the
lid, CO, within the environmental case and airflow within the incubator.

ECU SPECIFICATIONS

Operating Temperature (ambient) 10 - 50°C (50 - 122°F)

Operating Humidity (ambient) 15 - 70% RH, non-condensing

Warm up Time 20 minutes

Computer Interface USB via external USB/RS232 converter

Sensor Non-dispersive infrared (NDIR), dual
beam, 20s response time

Power 110/240V, 50/60Hz

CO, Sensor (ST-HC only)

Sensor Range 0-20% CO,

Control Range 0-20%

Control Precision 0.1% CO,

Control Accuracy 0.1 - 3% of reading

Drift <2.5% reading/year

0, Sensor (ST-HOC only)

Sensor Type Zirconium Dioxide, diffusion, 4 sec

response time
Sensor Range 0-25%
Control Range 0-25%*
Control Precision 0.1% O,
Control Accuracy +0.5% (2% of the full scale)

STEV2

ST-HOC

ROL UNIT

The Environmental Control Unit home screen shows the real time readings for
the parameters you want to see.

ORDERING INFORMATION

STAGETOP ENVIRONMENTAL CONTROL SYSTEMS
ST-H5 Chamber, Controller, Heat, Digital Flow Control for Bottle Gas

ST-HC Chamber, Controller with CO, & Heat
(using CO,internal sensor)
ST-HOC Chamber, Controller with CO,, O, & Heat

(using CO;internal sensor)

ACCESSORIES

AIRTHERM-SAT-1W AirTherm Satellite Heater (110V)
AIRTHERM-SAT-2W AirTherm Satellite Heater (230V)

WORLD PRECISION INSTRUMENTS
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Heat Controller/Humidity Monitor

Smart, electrically quiet air heater for live cell imaging & custom incubators

Features

¢ Precision heat controller for use in live cell
imaging and custom incubators

* Control heat and monitor humidity

(optional) with a single controller o
¢ Electrically and acoustically quiet AerS!u'!‘Term o
* Quick, precise response to thermal change e s b e
¢ PID control algorithms allow for

tight control of temperature in the : o e TEME SsCn

. ’ " WORLD . " J

environmental chamber Vi B

* System includes hoses and probes so that RATp—y

it is ready to connect with your microscope
chamber, incubator or controlled
environment

Applications

e Live cell imaging systems fitted with full

microscope environmental chamber

enclosures
* Control environment in custom incubators
The AirTherm™ SMT is a new generation of heat control system from WP
designed to be used in Live Cell Imaging applications with microscopes
fitted with a full microscope environmental chamber enclosure. The
standard AirTherm™ SMT controls temperature and, as an option,
monitors humidity.
PID algorithm for maintaining tight control

The AirTherm™ SMT uses a PID control algorithm to tightly control the
temperature and monitor humidity of the controlled environment

With AirTherm™ SMT, the temperature of the sample and microscope
optics can be controlled to within 0.2°C. During operation, air is drawn out
of the chamber through a flexible hose, heated by the AirTherm™ SMT
heater and re-circulated to the chamber by the return hose.

Ready to connect to your microscope chamber

The system is typically used in a closed loop configuration.

The AirTherm™ SMT system includes:

* Two coil-reinforced heater hose pieces and hose clamps.

* Temperature sensor for remote placement in environmental chamber

* Humidity probe for monitoring chamber humidity available as an
option.

—

Microscope
Chamber
(not included)

Air-Therm SMT

Atypical AirTherm™ SMT installation places the heated air inflow at the
bottom and the cold air return at the top of the microscope chamber.

WORLD PRECISION INSTRUMENTS
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AIR-THERM-SMT

References

X. Yin, D.A. Knecht, M.A. Lynes “Meallothionein mediates leukocyte
chemotaxis” BMC Immunology 6. 2005: 6--21

AIRTHERM SPECIFICATIONS

AIR FLOW RATE 20-50 CFM (0.55-1.4 m*/minute)
CONTROL TEMPERATURE RANGE Ambient to 45°C

TEMPERATURE RESOLUTION 0.1°C

TEMPERATURE ACCURACY 0.2°C

ANALOG OUTPUT 0.5°C resolution;
FOR CHART RE-CORDER 0-10 V represents 0-100°C

HEATING VOLUME Less than 50 CF (1400 L), re-circulating
TEMPERATURE SENSOR TYPE Platinum RTD 1000 Q

HUMIDIFIER TYPE Ultrasonic
HUMIDIFIER TANK CAPACITY 0.5 gallons
HUMIDIFIER DAILY OUTPUT 2 gallons

FUSE For 120 VAC, 8A 250 V 5x20 mm metric
For 230 VAC, 4A 250 V 5x20 mm metric

POWER 450 W, 95-135V or 220-240V, 50/60 Hz

DIMENSIONS 6% x 8 x 7%2in. (15.5x 21 x 19 cm)

F
ORDERING INFORMATION <
AIRTHERM-SMT-2W _ AirTherm™ SMT Heater, 230V m
AIRTHERM-SAT-2W  AirTherm Satellite Heater, 230V n
OPTIONAL ACCESSORIES/REPLACEMENT PARTS p
15590 Replacement Hoses, 2.5" diam., 4.5 ft -
98727 Replacement Temperature Probe
98728 Humidity Probe —
300626 AirTherm SMT Humidifier Kit with Sensor & Hose (110 V) g
300411 Replacement Humidifier for AirTherm SMT (110 V)
5389 Inlet and Outlet Hoses >
96824 3-Way Hose Assembly (3 hoses and T-connector) ()

www.wpiinc.com
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Bench Top Vibration Isolation Platforms

Simple setup and adjustment

Features

* Only 4.6"thin MK-BM-8100, 50-105 b, %
* Portable payload weight range

* Available in a variety of payload ranges (23-48 kg)

Benefits

* Better performance than an air table
e Simple setup and adjustment
* Requires no air or electricity

Applications

* Microscopy and other research applications that require the isolation
of the preparation from vibrations of any kind

These bench top platforms offers 10-100 times better performance than
a full size air table in a package only 4.6 inches tall, and without air or
electricity! These vibration isolation platforms are extremely easy to use
and offer extreme performance — 1.5 Hz horizontal natural frequency
and 0.5 Hz vertical natural frequency. There are only two adjustments.
This is the thinnest, most portable and most user-friendly isolator ever
offered that is capable of delivering this level of performance.

Weight: Approximately 40 Ib. (16 kg)
Dimensions: 18" W x 20" D x 4.6" H (457 x 508 x 117 mm)

Vibration-Free Tables

Vibration-Free Workstation

Features
¢ Vertical and horizontal —
vibration isolation

* High performance
active-air suspension

* Automatic leveling
* VibraDamped steel

e (lass 100 clean room
compatible

* Leveling feet

Benefits

¢ Eliminate inconsistent
and unreliable
performance

* Reduce excessive wear, maintenance and fatigue failures

Custom order.
Call for pricing and
part numbers.

* Protect sensitive instruments and equipment from faulty operation or
failure using Vibration-Free Platforms and Workstations

Applications

* Patch clamping, cell injection, analytical balances and optical
microscopes

All buildings vibrate. Activities of people, machinery, heating and
ventilation systems, and nearby truck or rail traffic cause all types of
vibrations. These vibrations, though acceptable to occupants, cannot be
tolerated by equipment used in patch clamping, cell injection, analytical
balances and optical microscopes. Additional tabletop sizes and finishes
are available, as well as optional accessories such as side rails and casters.
See WPI website for available configurations.

Performance

* Horizontal frequencies are weight dependent

* Horizontal frequency of 1.5 Hz is achieved at or near the upper limits
of the payload range

* At the lower limits of the payload range the horizontal frequency is
approximately 2.5 Hz

* Vertical frequency is tunable to 0.5 Hz throughout the payload range

ORDERING INFORMATION

MODEL PAYLOAD RANGE

MK-BM-825 Vibration Platform, 10 - 30 Ib. (4.5 - 14 kg)
MK-BM-850 Vibration Platform, 25 - 55 |b. (11 - 25 kg)
MK-BM-8100 Vibration Platform, 50 - 105 Ib. (23 - 48 kg)
MK-BM-8125 Vibration Platform, 90 - 130 Ib. (40 - 59 kg)
MK-BM-8150 Vibration Platform, 125 - 155 Ib. (57 - 70 kg)
MK-BM-8175* Vibration Platform, 150 - 180 Ib. (68 - 81.5 kg)
MK-BM-8200* Vibration Platform, 175 - 205 Ib. (79.5 - 93 kg)
MK-BM-8225* Vibration Platform, 200 - 230 Ib. (90.5 - 104 kg)
MK-BM-8250* Vibration Platform, 225 - 255 Ib. (102 - 115.5 kg)

* Weight: Approximately 47 Ib. (21 kg)/(same dimensions)

Universal
Manipulator
Stand

Mount manipulators at
angles and heights with
infinite flexibility

UMS SPECIFICATIONS

DIMENSIONS
Base Plate  10.0 x 12.5x 1.5 cm (LxWxH) J Ty
Stand 4.0 x 4.0 x 30 cm (LxWxH) (501622) -
4.0 x 4.0 x 45 cm (LxWxH) (501623) | .
Mounting Holes ‘
English: 1/4 20 x 1" (2 bolts supplied) T
Metric: M6 x 25 mm grid (2 bolts supplied)

SHIPPING WEIGHT Vibration-free Platform (VFP)
501622 9 1b. (4 kg) not included

501623 11 1b. (5 kg)

ORDERING INFORMATION

501622

501622 Universal Micromanipulator Stand 30 cm (includes one clamp)
501623 Universal Micromanipulator Stand 45 cm (includes one clamp)
501624 Additional Rotation Clamp

The M3301, KITE, DC3001 and SM325 (but not
M325) can be used with these mounts.

WORLD PRECISION INSTRUMENTS

UK: +44 (0)1462 424700 * wpiuk@wpi-europe.com * WwWw.wpi-europe.com
38 Brazil: (013) 406-29703 « info@brazil.wpiinc.com « www.wpiinc.com

Germany: +49 (0)6031 1602171 » wpide@wpi-europe.com * Www.wpi-europe.com
China: +86 21 6888 5517 « chinasales@china.wpiinc.com ¢ www.whpiinc.net



Microinjection

We offer a complete microinjection system

WPI has been in the microinjection business since the very beginning. We were first
on the market with pressure injection equipment, and we have been engineering and
delivering innovative instruments ever since.

For essential fluidic control in neurophysiology, we offer solutions across pumping
platforms including syringe, peristaltic, microfluidic and injection pumps. For picoliter to
microliter ranges, our tools are designed for applications like patch clamp, oocyte work,
infusion, perfusion, cellular injection, continuous flow and non-pulsatile flow.

WORLD PRECISION INSTRUMENTS www.wpiinc.com
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With zebrafish (Danio Rerio)
rapidly gaining in popularity
as bio-medical research
subjects, WPI meets the need
for lab budgets with efficient,
cost-effective stations

for microinjection and
transfection.

WPI Microinjection
System

The system depicted at left includes components often favored
by researchers, indicated with 3K in the list below: PV820
Pneumatic PicoPump, PUL-1000 Micropipette Puller, M4C
stand, M3301R micromanipulator, 5430-XX PicoNozzle Kit
with a uTip, PZMTIII microscope, lighted base,
articulating mirror and optional PRO-300 HDS
camera and view screen, E2XX micropipette storage
Jar, Z-MOLDS Microinjection and Transplantation
Molds, 14003-G Vannas spring scissors, glass
capillaries, 77020 glass tweezers and Fluorodish
/}V optical grade glass bottom culture dishes. Whatever
: your needs, WPI offers a range of equipment to fill
your requirements.

Options for Customizing Your System

INJECTORS FOR GLASS PIPETTES

3 pv820 Pneumatic PicoPump with
Hold Pressure

* PV830 Pneumatic PicoPump with
Hold Pressure and Vacuum

* NL2010MC2T Nanoliter Injector
with SMARTouch Controller

Designed to simplify intracellular injection and a variety Microprocessor-controlled Nanoliter Injector
of other microinjection tasks, WPI's PicoPumps use NL2010MC2T with SMARTouch controller uses
accurate timing and carefully regulated air pressures for positive displacement injection, eliminating the
securing cells and injecting. Injected volumes range from need for pipette calibration. System uses glass
picoliters to nanoliters. micropipettes.

PINPOINT INJECTOR

3 MICRO-ePORE™ Cell Penetrator

g,
)

A simple and versatile pinpoint controlled electroporation system for clean efficient injection of
CRISPER reagents into 2-stage embryos. The cell membrane is easily penetrated, without cell
disruption or tear drop formation. The technique has been used in animal embryos, including,
mice, rats and bovine, as well as injecting morpholino oligomers into Zebrdfish tails.

INJECTORS FOR GLASS PIPETTES OR METAL NEEDLES

The versatile UltraMicroPump UMP3 injector is a
Syringe-based micropump using metal needles

as small as 36 gauge and microsyringes to deliver - 5 =
picoliter volumes. — —

A glass pipette injection kit is also available

NFINHLD-G10

Use with the NANOFIL syringe and Tmm OD glass for your
microinjection application.”
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MICROSCOPES PZMTIII-MI Trinocular

Microscope Head with
LED illuminated base

* PZMTIII Precision Stereo Zoom Trinocular (articulating mirror) and

Microscope variable light intensity.
* PZMIII Precision Stereo Zoom Binocular Dual reflection lens/
Microscope mirror system provides
e PZMIII-MI Binocular Microscope Head with transmitted brightfield/
LED illuminated base (articulating mirror) pseudo-darkfield

illumintation.

NOTE:#Base can be used with other manufacturer's microscope optics

PULLERS

sk i PUL-1000 /s a microprocessor controlled

PUL-1000 Microprocessor-Controlled horizontal puller for making glass micropipettes
4-Step Micropipette Puller or microelectrodes used in intracellular

* SU-P97 Flaming/Brown Pipette Puller recording, microperfusion or microinjection.

+ SU-P1000 Next Generation Pipette Puller [t offers programmable sequences of up to
four steps with heating, force, movement and

WP! is an authorized distributor cooling time. Perfect for long taper pipettes.

for Sutter Instruments

The frinocu/ar Microscope may
be used with the PRO-300 HDS.

Photo Courtesy of Benjamin Dubansky, PhD.
University of North Texas

MANIPULATORS

3 M3301 Manual Micromanipulator
® KITE Manual Micromanipulator

Weighing just 550 grams,
-\t,’ the M3301 is a well-built
micromanipulator that
outsells all others world-
wide for high precision
experiments where magnifi-
cation is in the range of up
to 250x.

* M4C Microscope Stage Adapter
* SU-TRIO 3-Axis Micromanipulator
¢ SU-QUAD 4-Axis Micromaniulator

M4C Microscope
Stage Adapter

GLASS MICROPIPETTES

¢ Pre-Pulled Long Taper Glass Pipettes
(TIP15FLT, TIP12FLT)

* Glass Capillaries
e WTip Pre-Pulled Pipettes with Calibrated Tip ID

Calibrated Tip ID. Get pre-pulled, pipettes with or
without a filament. Available in a variety of sizes.
Luer connect option is available.

iR

Eliminate the cost and trouble of pulling

your own pipettes. Get new low cost, long
taper pipettes with or without a filament.
Taper length: 12-14 mm.

ACCESSORIES

¢ PRO-300 HDS Camera and Monitoring * MicrofFil for backfilling glass needles .
Screen * Pipetters .

* 5430-XX PicoNozzle Kit + E2XX Micropipette Storage Jar .

* NanoFil Microliter Syringes - 10 or 100 pL « 801566/801963 Vacuum Pump for use with

¢ NFINHLD-G10 1.0 mm Glass Pipette Holder the PV830 .

for NanoFil Syringe

FluoroDish Optical Glass Bottom Dishes
M10 or M-3 Manipulator Base

Z-MOLDS Microinjection and
Transplantation Molds

Many Surgical Instruments

WORLD PRECISION INSTRUMENTS www.wpiinc.com
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Pinpoint Injector

The next generation injection method for increased knock-in efficiency

Applications

* Microinjection into oocytes and pre-implantation stage mammalian
embryos, including microinjection of CRISPR-Cas9 reagents into the
cytoplasm of two-cell stage embryos

CELL MEMBRANE » Pronuclear rodent zygote microinjection

* Gene silencing in zebrafish

INJECTION TARGET
< AREA

REFERENCE

MICRO-ePORE

Features

* Touch-screen display—resistive touch panel for use with gloves

* Injection control with foot switch or manually with touch screen Preliminary Design
* Intuitive user interface
¢ User adjustable frequency and voltage with touch screen or knobs

¢ Small footprint
98991 - Auxiliary

Knob Controller sold
* Adjustable audio continuity tone indicates active probe separately

* Four user-programmable protocols

* Injection counter indicates total number of injections
* Electrodes include reference electrode option

* Electrode holder compatible with most common manipulators References
H Gu, B., Posfai, E., & Rossant, J.
BEHEfItS (2018). Efficient generation of
« High yield (80-85%) of viable, 2-cell stage mouse embryos after targeted large insertions by
injection microinjection into two-cell-
) / ] stage mouse embryos. Nature
* Integrates with WPI's PV820/PV830 or the Eppendorf Femtojet® Biotechnology, 36(7), 632-637.
(Femtojet® 4i s a registered Trademark of Eppendorf AG) http://doi.org/10.1038/nbt.4166
* Hands-free operation with foot switch control
oeoperd , MICRO-ePORE SPECIFICATIONS
* Works with most inverted microscopes
VOLTAGE PARAMETERS 0-3.0V, at 1 mV increments
FREQUENCY PARAMETERS 50-3000 Hz, at 1 Hz increments
PIPETTE RESISTANCE MAXIMUM 40 MQ
MICRO-ePore successes in university labs DIMENSIONS 19.7 X127 x 7.6 cm (7.75 x 5 x 3in.)
" " WEIGHT 0.9 kg (2 Ib)
CERTIFICATIONS CE, RoHS
o
8 ORDERING INFORMATION
U MICRO-ePORE MICRO-ePore System™
W Includes Electrode Holder « Microinjection Headstage, including adapter for
Femtojet™ « Holding Pipette + Platinum Reference Electrode « Vacuum Tubing
Z' Set » Foot Switch (Auxiliary Knob Controller sold separately)
98991 Auxiliary Knob Controller
- SYS-PV820 Pneumatic PicoPump Microinjector
| SYS-PV830 Pneumatic PicoPump Microinjector with Vacuum Pressure
Z 1B100-3*  Single-Barrel Standard Borosilicate Glass Tubing, 3 in.
f— (76mm) long, 1.0 mm OD, 0.58 mm ID, package of 500
(o) Photo courtesy of Dr Janet Rossant, The Hospital for Sick Children in Toronto, ~ TIPITWA1*  Pre-Pulled Glass Pipettes, 1 um tip ID, 1.0 mm glass OD,
Canada. An example of the MICRO-ePORE™ electrode setup on an inverted Thin wall, fire polished
o microscope. MICRO-ePORE™ electrode design ensures compatibility with the *Many varieties and choices are available for glass capillaries and
Z leading microscope manufacturers. pre-pulled uTip micropipettes.
o
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Reliable Pneumatic PicoPump
Pneumatic microinjector with vacuum pressure

Microinjection of sub-nanoliter volumes through a very small opening in
a glass micropipette is often accomplished best with a controlled burst
of gas pressure. Designed to simplify intracellular injection and a variety
of other microinjection tasks, WPI's PicoPumps use precisely regulated
pressures for securing cells and injecting them with fluid. Injected
volumes range from picoliters to nanoliters.

The PV830 model provides separate regulation and pressure gages for
the eject and hold pressures. In addition to the features of the PV820,
the PV830 model also includes a vacuum pressure regulator and
vacuum gauge.

See page 44 for more information.

Microelectrode Puller

A compact, versatile and reliable workhorse

PUL-1000 is a microprocessor controlled horizontal puller for making
glass micropipettes or microelectrodes used in intracellular recording,
patch clamp studies, microperfusion or microinjection. The puller was
designed with tight mechanical specifications and precision electronics
for complete control of the pulling process and accurate reproducibility.
It offers programmable sequences of up to four steps with heating,
force, movement and cooling time. This allows graduated cycles for
applications like patch clamp recording.

This puller is a reasonably priced, compact, versatile and reliable
workhorse. The microprocessor, combined with the LCD display, makes
the PUL-1000 easy to use.

See page 108 for more information.

PUL-1000

q3

Glass Capillaries
Quality glass, superior prices for microinjection/microelectrodes

@ Our quality borosilicate glass capillaries are available with a large variety
m v O of options, including fire polished, filaments, thin wall, specialty glass and
@ @ multi-barrel.

\—/ Borosilicate glass capillaries: Close dimensional tolerances assure micro-
electrode uniformity and reproducibility. Capillaries are available in 1, 2,
3,5 and 7-barrel configurations, complete range of single barrel thin-wall
sizes and a variety of special configurations. Capillaries with filaments
contain a solid filament fused to the inner wall, which speeds filling of
electrodes. Capillaries with or without inner filaments are available for
making microelectrodes in a wide range of diameters.

Standard, no Standard Thin Wall, no Thin Wall For details, see page 47.
Filament Filament Filament Filament
WORLD PRECISION INSTRUMENTS www.wpiinc.com
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Reliable Pneumatic PicoPump
Pneumatic microinjector with vacuum pressure

WD

Pneumatic PicoPump

BB ALATOR

W

e

PV830

Features

* Inject into a single cell with picoliter volumes
* Regulated hold, ejection and vacuum pressure

» Carefully regulated air pressures for securing cells and injecting them
with fluid

» Optional independent vacuum regulation
* Pressure Input: 0-120 psi

* Pressure Output: 0.3-90 psi

* Choice of two models

Benefits

» Hold pressure prevents backfilling of the pipette by capillary action

* PV830 includes vacuum pressure for filling pipettes from the tip or
securing floating cells during injection

Applications

* Intracellular injection in the picoliter to nanoliter range

Although syringe and piston techniques are popular for microinjection in
the nanoliter range, microinjection of sub-nanoliter volumes through a
very small opening in a glass micropipette is often better accomplished
with a controlled burst of gas pressure. Designed to simplify intracellular
injection and a variety of other microinjection tasks, WPI's PicoPumps
use precisely regulated pressures for securing cells and injecting them
with fluid. Injected volumes range from picoliters to nanoliters. Separate
ports supply positive and negative pressure—positive pressure for high-
pressure ejection, and suction for supporting the cell or for filling the
pipette from the tip. In the time between injections, a secondary default
“hold” pressure is applied to the pipette to prevent fluid uptake through
capillary action or diffusion. The pressure pulses are typically controlled
by a precision timer. Timing, ejection pressure, holding pressure and
suction are adjusted independently by control knobs and monitored
with indicator gauges on the front panel. Injection pressure is controlled
by a 20-turn regulator on the front panel. The built-in timing function
controls the amount of time that the injection pressure is applied with
millisecond resolution. Time intervals can range from 10 s down to

10 ms or less. The pressure burst can also be controlled manually or
triggered by an external source.

The PV830 model provides separate regulation and pressure gauges
for the eject and hold pressures. In addition to the features of the
PV820, the PV830 model also includes a vacuum pressure regulator and
vacuum gauge.

Hold Pressure Prevents Backfilling

Like the PV830, the PV820 was designed to simplify intracellular
injection. The hold pressure prevents backfilling of the pipette by
capillary action. Simple to use. Reliable every time. Each PicoPump is

—
B
1
PicoNozzle Kit 5430-ALL (included) allows \\\
micropipettes to be securely mounted in micro- T
positioners for stable axial air delivery. (Handle diameter e

7 mm % 100 mm long.)

The optional 5430-XX PicoNozzle Kit has a Luer-fitted pipette holder for quick
and easy changes. Choose your kit based on the pipette OD (XX indicates OD:
1.0, 1.2, 1.5 or 2.0 mm). The red handle fits easily into most manipulators.
This kit contains:

(1) MPH6S microelectrode holder

(1) Handle for the MPHES (4" hollow tube with male Luer fitting at both
ends—diameter 6.25 mm % 100 mm long)

(1) 5" tubing (0.060" ID, 0.120" OD, male locking Luer fitting on one end and
a female locking Luer fitting at the other end, rated for 200 PSI and 86
durometer shore A)

supplied with a 5430-ALL kit that includes two PicoNozzles and tubing to
connect the holders to the pressure and vacuum ports.

Vacuum Pressure for Additional Applications

Eject pressure supplies a high-pressure pulse for injecting fluid. Hold
pressure, which is not sufficient to cause fluid ejection, is used to
prevent back filling of the pipette by capillary action or diffusion when
the solenoid is inactive. Vacuum can be applied through the ejection
port, but vacuum in the PV820 must be externally regulated (see Mini
Vacuum Pump, page 71). To fill pipettes from the tip or through a
secondary port to secure a floating cell during microinjection, vacuum
may be switched from regulated vacuum to atmosphere by using the
switch on the front panel.

References

Di Cara F, Sheshachalam A, Braverman NE, Rachubinski RA, Simmonds
AJ (2017). Peroxisome-Mediated Metabolism Is Required for Immune
Response to Microbial Infection. Immunity. 2017 Jul 18;47(1):.93-106.e7.
https://www.ncbi.nlm.nih.gov/pubmed/28723556

Carrington, B., Varshney, G. K., Burgess, S. M., & Sood, R. (2015). CRISPR-
STAT: an easy and reliable PCR-based method to evaluate target-specific
sgRNA activity. Nucleic Acids Research, 43(22), e157. http://doi.org/10.1093/nar/
gkv802
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Pneumatic picoliter injector

WPI's PV820 Pneumatic PicoPump has

been providing scientists with precision and
repeatable microinjection in volumes ranging
from picoliters to nanoliters for decades. The
trusted Pneumatic PicoPump is the preferred
Zebrafish microinjection pump. The PV820
offers the same functionality as the PV830,
minus the independent vacuum regulator.

PV820 c €
PICOPUMP SPECIFICATIONS
PV820 PV830
PRESSURE
PRESSURE INPUT 0to 120 psi 0to 120 psi
PRESSURE OUTPUT 0.3t0 90 psi * 0.3to0 90 psi
PRESSURE BURST TIMER (10-turn dial) 10 ms to 10 s in Timed Mode 10 ms to 10 s in Timed Mode
REGULATOR ACCURACY 0.1% (20-turn dial) * 0.1% (20-turn dial) *
REGULATOR REPEATABILITY 0.05 psi * 0.05 psi *
GAUGE ACCURACY 3% at full scale * 3% at full scale *
INPUT CONNECTOR Quick Connect (% in. OD Tubing) Quick Connect (% in. OD Tubing)
OUTPUT CONNECTOR Barbed (“ie-in. ID Tubing) Barbed (“ie-in. ID Tubing)
VACUUM
VACUUM INPUT 0to30.0in. Hg 0to30.0in. Hg
VACUUM OUTPUT Unregulated 0.2t029.9in. Hg
LOWEST REGULATED VACUUM Unregulated 3 in. water
REGULATOR ACCURACY Unregulated 0.1% (20-turn dial)
REGULATOR REPEATABILITY Unregulated 0.03in. Hg
GAUGE ACCURACY None 3% at full scale
INPUT CONNECTOR Quick Connect (% in. OD Tubing) Quick Connect (% in. OD Tubing)
OUTPUT CONNECTOR Barbed (% in. ID Tubing) Barbed (Y in. ID Tubing)
CONTROL Manual Manual
VENT Atmosphere Atmosphere
CONNECTIONS INCLUDED
INPUT KIT 10-ft nylon tubing (0.25-in. OD, 1000 psi), one ¥:-inch female NPT adapter
OUTPUT KIT Two PicoNozzle Kits
PHYSICAL SPECIFICATIONS
POWER 95-135 V or 220-240 V, 50/60 Hz 95-135V or 220-240 V, 50/60 Hz

DIMENSIONS

17x3.5x9.5in. (43 x9x 24 cm)

17 x525x9.5in. (43 x 13 x 24 cm)

SHIPPING WEIGHT 11 1b (5 kg)

141b (6.3 kg)

*Both Hold and Eject Pressure

Ramezani, T., Laux, D. W., Bravo, I. R., Tada, M., & Feng, Y. (2015). Live
Imaging of Innate Immune and Preneoplastic Cell Interactions Using an
Inducible Gal4/UAS Expression System in Larval Zebrafish Skin. journal of
Visualized Experiments, (96), €52107-e52107. http://doi.org/10.3791/52107
Chokshi, P. (2015). Analysis of scn5Laa and scn5Lab Gene Function in Danio
rerio (Zebrafish) Heart Development through TALENS/CRISPR-CAS9-mediated
Gene Knockout. Retrieved March 14, 2016, from http://thescholarship.
ecu.edu/bitstream/handle/10342/4923/Chokshi_ecu_06000_11444.
pdf?sequence=1

Ewart, M.-A., Kennedy, S., MacMillan, D., Raja, A. L., Watt, I. M., & Currie,
S. (2014). Altered vascular smooth muscle function in the ApoE knockout
mouse during the progression of atherosclerosis.

http://doi.org/10.1016/j.atherosclerosis.2014.02.014

Henson, H. E., Parupalli, C., Ju, B., & Taylor, M. R. (2014). Functional and
genetic analysis of choroid plexus development in zebrafish. Frontiers in
Neuroscience, 8, 364. http://doi.org/10.3389/fnins.2014.00364

Huang, L., Xiao, A., Wecker, A., McBride, D. A., Choi, S. Y., Zhou, W.,

& Lipschutz, J. H. (2014). A Possible Zebrafish Model of Polycystic Kidney
Disease: Knockdown of &lt;em&gt;wnt5a&lt;/em&gt; Causes Cysts in Zebrafish
Kidneys. Journal of Visualized Experiments, (94), €52156-e52156. http://doi.
0rg/10.3791/52156

Konantz, J., & Antos, C. L. (2014). Reverse Genetic Morpholino Approach
Using Cardiac Ventricular Injection to Transfect Multiple Difficult-to-target
Tissues in the Zebrafish Larva. Journal of Visualized Experiments, (88), €51595-
€51595. http://doi.org/10.3791/51595
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ORDERING INFORMATION

SYS-PV820 PicoPump w/ hold pressure
SYS-PV830 PicoPump w/ hold pressure and vacuum
Specify line voltage All PicoPumps require external vacuum source.

OPTIONAL ACCESSORIES/REPLACEMENT PARTS

3260 Foot Switch

2932 Rack Mount Kit, 3.5-in. high (PV820)

2933 Rack Mount Kit, 5,25-in. high (PV830)

5430-10 PicoNozzle Kit (MPH6S for 1.0 mm pipette & 5' tubing)
5430-12 PicoNozzle Kit (MPH6S for 1.2 mm pipette & 5' tubing)
5430-15 PicoNozzle Kit (MPH6S for 1.5 mm pipette & 5' tubing)
5430-20 PicoNozzle Kit (MPH6S for 2.0 mm pipette & 5' tubing)
5430-ALL  PicoNozzle Kit (for 1.0, 1.2, 1.5 and 1.65 mm pipettes &

5-ft. tubing)
75122-110  Gaskets for PicoNozzle , 1.0 mm, green, package of 10
75122-210  Gaskets for PicoNozzle — 1.2 mm, black, package of 10
75122-310  Gaskets for PicoNozzle — 1.5 mm, blue, package of 10
75122-410  Gaskets for PicoNozzle — 1.65 mm, red, package of 10
MPH6S Micropipette Holder (specify 1.0, 1.2, 1.5 or 2.0 mm)
MPH6R Micropipette Holder (specify 1.0, 1.2, 1.5 or 2.0 mm)
3316 Replacement Input Kit

www.wpiinc.com

ORDER TOLL-FREE: (866) 606-1974 (U.S. only) + Tel: (941)371-1003 - Fax: (941) 377-5428 - E-mail: sales@wpiinc.com 45

=
(@]
O
—
-
m
-~
2
S
m
(@]
-
O
ol
n


http://doi.org/10.3791/52107 
http://doi.org/10.3389/fnins.2014.00364
http://doi.org/10.3791/52156
http://doi.org/10.3791/52156
http://doi.org/10.3791/51595

7
L
o
o
v
v
L
o
o
<

Manual Microsyringe
Pumps

Precise manual injection of fluid
using glass pipettes

Features

¢ Accepts syringe sizes: 10 pL-1 mL gas tight Luer tip
* Micrometer head has resolution of 10 pm per division
¢ Solid, stainless steel frame

Benefits

* Choice of models, with or without digital display
» Cost-effective solution

Applications

* Use for perfusion or withdrawal of liquids

MMP and DMP are convenient tools for precise manual injection of fluid
using glass pipettes or similar injection devices. The design allows visual
feedback of flow at the pipette tip. They can also be used as a manual micro
syringe pump for perfusion or withdrawal of liquids. The resolution of the
injection volume can be continuously varied from 10 nL to the microliter
range, depending on the syringe used.

With or without digital display

DMP comes with a digital micrometer that will allow the reading of piston
advancement easily with a 0.001 mm resolution. MMP has the traditional
mechanical micrometer head with a resolution of 10 pm per division and
advances 500 pm per revolution.

Constructed of stainless steel

The entire frame body of the injector is constructed of stainless steel for
excellent stability and durability. The piston of the micrometer can be
adjusted to the syringe's plunger position. Small diameter PTFE tubing is used
for the accuracy and solution compatibility. The unique design of the pipette
holder can securely hold any pipette with an outer diameter of between 1.0
mm and 1.5 mm. All necessary accessories for removing air and filling the
syringe and tubing with liquid are included. The system comes complete with
a 100 pL gas tight syringe. Other syringe sizes may be purchased separately.

DMP & MMP SPECIFICATIONS

TRAVEL DISTANCE 25 mm

ADVANCES RESOLUTION 0.001 mm for DMP and 0.01 mm for MMP
SYRINGE SIZE
TUBING

PIPETTE HOLDER
PIPETTE HOLDER FITS

ORDERING INFORMATION

MMP Manual Microsyringe Pump
DMP Manual Microsyringe Pump with Digital Display
OPTIONAL ACCESSORIES/REPLACEMENT PARTS

MMP-KIT Injection Assembly Parts Kit
Not including valve—see 14057-10, page 220)

10 pL to 1 mL gas tight Luer tip syringe
1.5 m of PTFE tubing with 0.5 mm ID
0.24"x 5.2"

1.0to 1.5 mm OD pipette

Microinjection and
Transplantation Molds

A simpler method for handling
zebrafish embryos

Features

 For high throughput microinjection research

* Make impressions in agarose gel to facilitate embryo alignment
* Four molds per kit

* Reusable

Benefits

* Organizes and immobilizes embryos for microinjection

Applications
e Zebrafish research
Mold your agarose, pipette in your embryos, and watch them auto

aligning in the grooves. Z-MOLDS Microinjection and Transplantation
Molds (4 per kit) are designed for zebrafish research.

Proteomics & Large Screening-/nject many embryos, up to 1000. The
grooves made by the mold in the agarose gel enable the embryos to self align.

Xenograft and Larval Injection-The sloped ridges make perfect angles in
the agarose gel, which then makes it easier to do microinjections in the larvae.

Transplantation-increase the speed of doing microinjections. Simply turn
the petri dish as you are injecting.

ORDERING INFORMATION

Z-MOLDS  Microinjection & Transplantation Molds

References

Kitambi SS, Toledo EM, Usoskin D, Wee S, Harisankar A, Svensson

R, Sigmundsson, K, Kalderén C, Niklasson M, Kundu S, Aranda S,
Westermark B, Uhrbom L, Andéang M, Damberg P, Nelander S, Arenas

E, Artursson P, Walfridsson J, Forsberg Nilsson K, Hammarstrém LG,
Ernfors P. Vulnerability of glioblastoma cells to catastrophic vacuolization and
death induced by a small molecule. Cell. 2014 Apr 10;157(2):313-28.
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Glass Capillaries
Quality glass, superior prices for microinjection/microelectrodes

Features <3§§zii> /?Effi;\ <§zzzi§D (iiiji@)

e Quality borosilicate glass capillaries v

* Large variety available, including fire polished,
filaments, thin wall, specialty glass and multi-barrel

Benefits

* Superior pricing

* Most glass orders ship within 48 hours

. . Standard, no Standard Thin Wall, no Thin Wall Filament
Appllcatlons Filament Filament Filament
* Microinjection
yects ORDERING INFORMATION
 Electrophysiology
« Patch clamp Length OD(mm) ID(mm) Filament Fire-Polished Quantity Item
« Fluid Handling 3in. (76 mm) 1.0 0.58 v 500  1B100F-3
3in. (76 mm) 1.0 0.58 500 1B100-3
Fire Polishi /\ 3in. (76 mm) 1.2 0.68 v 350 1B120F-3
re Folishing ( @ 3in(emm) 12 0.68 350 1B120-3
Fire-polished glass capillaries are S 30 (76 mm) 15 0.84 v 298 1B150F-3
easier to insert into microelectrode (G} o ’ '
holders without damaging the - 3 3in. (76 mm) 1.5 0.84 v 300 1B150-3
gasket. More importantly, fire- % S 4 in. (100 mm) 1.0 0.58 v 4 500 1B100F-4
polished glass won't scratch the g E 4in. (100 mm) 1.0 0.58 v 500  1B100-4
chloridized wire used in a recording &8 ©  4in. (100 mm) 12 0.68 v v 400  1B120F-4
electrode. Fire-polishing does not [=} :
affect the glass's mechanical or @ 4 (100mm ' 068 o0 181204
. . T 4in. (100 mm) 1.5 0.84 v v 300 1B150F-4
electrical properties. =
Making Unif R ducibl 5 4in. (100 mm) 15 0.84 v 300  1B150-4
axing Yniform, Reproducible S 4in(oomm) 20 1.12 v 125  1B200F-4
Microelectrodes = i
- - . . U 4in. (100 mm) 2.0 1.12 v 200  1B200-4
Borosilicate glass capillaries: Close dimensional T BN i A v - e
tolerances assure microelectrode uniformity and = fn'( mm) : : A
reproducibility. Capillaries are available in 1, 2, 3, g 6in. (152 mm) 1.0 0.58 500 1B100-6
5 and 7-barrel configurations, complete range of o 6in. (152 mm) 1.2 0.68 v 350  1B120F-6
single barrel thin-wall sizes and a variety of special téo 6in. (152 mm) 1.2 0.68 350 1B120-6
configurations. Capillaries with filaments contain a @ 6in.(152 mm) 15 0.84 v 225  1B150F-6
solid filament fused to the inner wall, which speeds 6in. (152 mm) 15 084 525 1B150-6
filling of electrodes. Capillaries with or without inner — . .
filaments are available for making microelectrodes 6in. (152 mm) 20 112 i 22 1B200F-6
in a wide range of diameters. 6in.(152mm) 20 1.12 125  1B200-6
Filament Glass Capillaries 3in. (76 mm) 1.0 0.75 v 500 TW100F-3
. . - 3in. (76 mm) 1.0 0.75 500 TW100-3
Single barrel standard wall thickness capillaries are i
offered either with or without inner filaments for - 3in. (76 mm) 1.2 0.90 v v 400 TW120F-3
quick filling in a variety of lengths and diameters. 5 3in.(76mm) 1.2 0.90 350  TW120-3
. . . ° f
Thin Wall Glass Caplllarles % 3in. (76 mm) 1.5 1.12 v 225 TW150F-3
Thin wall single barrel capillaries are offered both & 3in. (76 mm) 15 112 v 300 Tw150-3
with or without inner filaments. < 4in. (100 mm) 1.0 0.75 v 500  TW100F-4
= 4in. (100 mm) 1.0 0.75 v 500 TW100-4
) @ 4in.(100mm) 1.2 0.90 v 350 TW120F-4
&) %n 4in. (100 mm) 12 0.90 350 TW120-4
< £ 4in.(100 mm) 1.5 1.12 v 225 TW150F-4
% 2 4in.(100mm) 15 112 v 300 TW150-4
& g 6in.(152mm) 1.0 0.75 v 500  TW100F-6
& 6in.(152 mm) 1.0 0.75 v 500 TW100-6
E 6in. (152 mm) 1.2 0.90 v 4 400 TW120F-6
61in. (152 mm) 1.2 0.90 350 TW120-6
61in. (152 mm) 1.5 1.12 v 225 TW150F-6
61in. (152 mm) 1.5 1.12 v 300 TW150-6

Single barrel glass is Kimble N51A. All thin wall glass is Schott Duran 8330.
Specialty glass is also available. See page 217.
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Microelectrode Puller
Cost-effective and compact micropipette puller

Features

* Microprocessor controlled
» Program sequences up to four steps

* Store up to 95 programs in memory for easy
recall

* Multiple factory programs installed

Benefits

» Tempered glass cover to reduce the effects of
humidity on puller reproducibility

* Switchable power supply ensures that line
voltage fluctuations don't affect reproducibility

Applications

PUL-1000

. Ce

* Pull your own microelectrodes and

micropipettes
PUL-1000 is a microprocessor controlled
horizontal puller for making glass micropipettes or microelectrodes Komarova, Y., Peloquin, J., & Borisy, G. (2011). Components of a
used in microperfusion or microinjection. The puller was designed with microinjection system. Cold Spring Harbor Protocols, 2011(8), 935-9.
tight mechanical specifications and precision electronics for complete http://doi.org/10.1101/pdb.ip27
control of the pulling process and accurate reproducibility. It offers
programmable sequences of up to four steps with heat, pulling force, PUL-1000 SPECIFICATIONS
DEH 'e”ﬁth and cooling ;'lme . o et HEATER ELEMENT Platinum/Iridium
This puller is a reasonably priced, compact, versatile and a reliable . )
workhorse. The microprocessor, combined with the LCD display, makes PULLING FORCE solenoid, adjustable
the PUL-1000 easy to use. TAPER LENGTH 1-10 mm
Tempered Glass Cover CAPILLARY OD RANGE 1.0-2.0 mm
The cover of the pulling chamber is made with tempered glass to MAXIMUM CAPILLARY LENGTH 170 mm
minimize the temperature effect on the reproducibility of pulled MINIMUM CAPILLARY LENGTH 55 mm
pipettes. MEMORY SETS 95
Switchable Power Supply AUTO SHUT-OFF TIME 90's
PUL-1000 has a high quality switching power supply for use anywhere POWER 90-240VAC, 50/60 Hz
in the vvolrlc‘zl.th‘hout worry abou.t the line voltage d\fferenceg. Pulling DIMENSIONS 34y 24 %12 cm
reproducibility is unaffected by line voltage fluctuation. Heating voltage
can be controlled to within 0.1% accuracy even when line voltage SHIPPING WEIGHT 16 1b

fluctuates from 90 to 240 VAC

|_________ORDERING INFORMATION |
References ORDERING INFORMATION

PUL-1000 Micopipette Puller

Plautz, C. Z., Williams, H. C., & Grainger, R. M. (2016). Functional Cloning System includes PUL-1000 Puller; TW100-4 Thin Wall Glass Capillaries
Using a &lt;em&gt;Xenopus&lt;/em&gt; Oocyte Expression System. Journal of (package of 500);, MF34G-5 package of Microfil

Visualized Experiments (107), €53518-53518. 13834  Filament, Platinum/Iridium, 2.5mm wide, 2.5mm Square Box
http://doi.org/10.3791/53518 504951 Filament, Platinum/Iridium, 4.5mm wide, Trough

Also see these other pullers available from WPI

SU-P1000
See page 110.

SU-P97
See page 111.

WORLD PRECISION INSTRUMENTS
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Fluid Handling

A large variety of pumps, from picoliter to microliter

We offer a large variety of pumps for everything from microfluidics to general fluid
handling applications. Our peristaltic pumps are easy to setup and clean, offer
continuous flow with virtually “infinite” volume (depending only on the capacity of your
source), require no contact with metal or the pump and are good for large volume
pumping. Our syringe pumps provide accurate volume control and are an excellent
choice for lower volume applications. Our pneumatic PicoPumps are designed for
delivery of very small volumes.

WORLD PRECISION INSTRUMENTS www.wpiinc.com
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Which Pump is Right for Me?

PUMPS & FLUID HANDLING COMPARISON CHART

Fluid Range Channels Special features Page
MiniStar™ 0.006- 37 mL/min 1 Compact design, remote control 53
Peripro-2HS 0.8 - 300 mL/min 2 Calibrated output, replaceable tubing cartridges 52
Peripro-4HS 0.8 - 300 mL/min 4 Calibrated output, replaceable tubing cartridges 52
Peripro-4LS 0.01-80 mL/min 4 Calibrated output, replaceable tubing cartridges 52
Peripro-8LS 0.01-80 mL/min 8 Calibrated output, replaceable tubing cartridges 52

SINGLE-CHANNEL AND WHOLE-CELL SOLUTION EXCHANGE
MPS2 Up to 250 ul/min. 8 Programmable control; low dead volume 51

LABORATORY SYRINGE PUMPS
AL-1000 0.73 plL/hr to 1699 mL/hr 1 Push/pull 65
AL-2000 0.73 pl/hr to 1699 mL/hr 2 Push/pull (2 networked pumps) 65
AL-1000 HP 1.459 pl/hr - 6120 mL/hr 1 Infuse/withdraw, High Pressure 65
AL-4000 1.459 pl/hr to 6120 pl/hr 2 Infuse/withdraw 65
AL-6000 0.73 plL/hr to 1699 mL/hr 6 Infuse/withdraw 65
AL-8000 0.454 plL/hr to 163 mL/hr 8 Infuse/withdraw 65
SPLG100 1.26 pL/min to 88.32 mL/min 1 Infuse only 72
SPLG101 1.26 pL/min to 25.99 mL/min 2 Infuse only 72
SPLG110 1.26 pL/min to 88.28 mL/min 1 Infuse/withdraw 73
SPLG200 0.5 pL/min to 220.97 mL/min 2 Infuse only 74
SPLG210 0.5 pL/min to 220.97 mL/min 2 Infuse/withdraw 73
SPLG212 0.5 pL/min to 220.97 mL/min 2 Infuse/withdraw programmable 73
SPLG270 0.5 pL/min to 220.97 mL/min 2+2 Push-pull 73
SPLG272 0.5 pL/min to 220.97 mL/min 2+2 Push-pull programmable 73
£ SP100i 0.0001-519 mL/hr 1 Basic single channel =
8, SP101i 0.001 pL/hr - 35 mL/min 2 Micro dialysis application -
:E SP120p 0.1 pL/hr =127 mL/hr 141 Push pull, single cycle =
S sP200i 0.001 pL/hr - 145 mL/min 2 RS232 TTL/foot switch -
;9:3 SP210c 0.001 pL/hr - 86 mL/min 2+2 RS232 push pull, continuous =
= SP210iw 0.001 pL/hr - 145 mL/min 2 RS232 infuse/withdraw -
S sP220i 0.001 pl/hr - 21 mL/min 10 RS232 infuse only -
2 SP230iw 0.001 pL/hr - 21 mL/min 10 RS232 infuse/withdraw -
‘T SP250i 0.001 pL/hr - 21 mL/min 4 RS232 infuse only -
E: SP260p 0.001 pL/hr - 86 mL/min 2+2 RS232 push pull, single cycle -
UMP3T-1 0.03 nL/min - 10 pL/sec 1 Ultra micro infuse/withdraw RS232 56
MMP Manual 100 pL-1 mL syringe 1 Manual 64
DMP Manual 100 pL-1 mL syringe 1 Digital readout micrometer 64
PV820 Injected volumes from pL to nL 1 Injection pressure and holding pressure 63
PV830 Injected volumes from pL to nL 1 Injection pressure and holding pressure and vacuum 62
NANOLITER2010 Bolus, 2.3-69 mL/Injection 1 Oocyte injector, infuse only 61
Microinjection Systems (Zebrafish, C. Elegans, Drosophila, Xenopus oocytes)

MICROFLUIDICS
ExiGo 50 nL/min - 10 mL/min 1 Irnque o.nly, feedback via integrated flow sensor, includes iPad 77
mini which can control up to four pumps
Mirus 100nL/min — 10 mL/min +1% 8 Microchip perfusion. Infuse only, reversible flow, ~600 pL dead 78
volume, PC control
. Microchip perfusion. Infuse only, recirculating pump controlled
— 0
Kima =DMy ! by iPod Touch, wi-fi communication, <300 uL dead volume 7
Unigo 1 pL/min-1 mL/min; unidirectional ] A precision, microfluidic, single-channel, pressure pump. Can 78
g (push) expand up to 4 channels.
SUPPLIES & TOOLS
Pipetters — standard and autoclavable 81
Miniature Vacuum Pump 82
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Multichannel Perfusion System

For single ion channel and whole-cell solution exchange

| Features

* 8-Channels-10 mL syringes
* Gravity feed

MPS-2 is a programmable 8-channel perfusion system designed for
single channel and whole-cell patch preparations. Offering the best
combination of performance and value, the MPS-2 incorporates the
same high quality solenoid valves found on similar but much more
expensive systems. Unlike other perfusion systems on the market, which
often compromise performance to fit every possible application, the
MPS-2 is the only perfusion system designed and optimized specifically
for single-channel and whole-cell patch perfusion applications.

Options for Manual and Automatic Control

The system can be controlled manually via membrane switches on the
front panel or through a PC. Two different manual control modes are
offered. One controls each channel independently and the other mode
allows you to assign a master channel that will keep the system flow when
all other channels are switched off. User-friendly graphic timing software
is included, and the programmed perfusion sequence can be started by
computer, a patch clamp amplifier or other external trigger, or manually.

Organized, Color-coded, Ribbon Tubing

The perfusion fluid flows through specially designed color-coded
polyurethane ribbon style tubing. The color-coding allows you to easily
trace each channel for diagnostic checks or set up, and the ribbon
style of tubing keeps the system neat and organized. Unlike PVC
based tubing, polyurethane tubing contains no plasticizer, which can
cause contamination. The tubing ribbon is designed as an economical
disposable item, which is often critical when cleanliness is needed.

inputs from
1/16" ID tubing

internal passage ID:
250 ym

* Manual or Programmable PC control with user-
friendly GUI interface (software included) * Super low dead volume (<100 nL) micromanifold

* Quick cleaning and priming valves included

"N
.

I; *

mounting rod T =
connector I,_’ {ﬁ_ I
- - output: 100 or 250 um ID
J'_."_. A 3 = quartz/polymide tubing
-
14 mm 0D / internal junction OD: 600 um

Micromanifold closeup: Fluid-filled passages are shown in magenta.

WORLD PRECISION INSTRUMENTS

Benefits

* Fast solenoid valve (response time 2 ms) + Color-coded polyurethane ribbon style tubing for

easy identification

*+ Economically priced

* Organized, color-coded tubing system without
contaminants of PVC tubing

* Low flow resistance and dead volume with the
unique micromanifold

Applications
 Single channel perfusion applications
* Whole cell patch perfusion applications

» Drug delivery under a microscope (in patch
clamp application)

Micromanipulator, tilt base and
petri dish not included.

Low Flow Resistance and Dead Volume

The most unique feature of the MPS-2 is its perfusion micromanifold.
Using the latest microfluidic techniques, the injection molded
micromanifold provides the least flow resistance and dead volume of any
product on the market. The flow channel inner diameter is approximately
1.0 mm, except for the last 5 mm before the junction point. This design
allows a fast flow rate without using a pressured system. Small channels
and a unique design at the merging point further reduce the chance of
cross contamination. Dead volume is less than 100 nL at junction.

MPS-2 SPECIFICATIONS

CHANNELS 8
VALVE RESPONSE TIME 2ms
VALVE CONTROL USB, TTL, external start via software
SYRINGE RESERVOIR VOLUME 10 mL
MANIFOLD 8to1
OUTPUT TUBING ID 250 pm and 100 pym.

100 pm ID tip, 8 pL/min.
Tubing cap: 7.85 nL/mm
250 pm ID tip, 250-500 pL/min.
Tubing cap: 49.1 nL/mm

<100 nL excluding the single outlet tubing

MAXIMUM FLOW RATES
(with 50 mm output
tubing, gravity fed)

DEAD VOLUME

ORDERING INFORMATION

MPS-2 Multichannel Perfusion System & Control Software
System includes: stand, PS-2 controller, valve console, syringe holder, power cord,
USB cable, DB9-to-BNC 8-cable assembly, (2) 1A fuses, (10) 10 mL syringes, (10)
3-way stopcocks, (10) Luer fitting with barb for 1/16-in. ID tubing, color coded
polyurethane tubing ribbon (5 ft), tubing for making micromanifold cleaning
adaptor (3 in.), micromanifold holding rod, (2) micromanifolds with 100 um id
tip, (2) micromanifolds with 250 um id tip and installation software

OPTIONAL ACCESSORIES/REPLACEMENT PARTS

502109-15 Color-coded PU Tubing, 1/16" ID x 8 Channels, 15 ft
502110 Micromanifold, 100 pm ID tip, 2 pcs/pk
502125 Micromanifold, 250 pm ID tip, 2 pcs/pk

Specify line voltage and Micromanifold tip OD when ordering.

www.wpiinc.com
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Affordable High Performance Peristaltic Pump
Digital Peri-Star™ Pro peristaltic pump is affordably priced!

Features

* Available in 2-, 4- and 8-channel versions

+ Display either rotation speed (RPM) or flow rate (mL/min)

* Wide flow range: 0.01 - 280 mL/min

* Accuracy of flow rate: 0.5% using self calibration function

* Accuracy of speed: 0.1 rpm

+ Large backlit digital LCD display

* Programmable for all tubing sizes between 0.8 mm and 6.4 mm ID

* Easy and fast tubing replacement using snap-on cartridges

* Membrane keypad allows easy programming while protecting controls
from fluid entry

* Actively driven rollers by planetary gears for long lasting tubing life

Benefits

*+ Backlit display with water resistant cover
* Easy setup and calibration with simple instructions on screen

*+ Both high and low flow pumps employ planetary gears for minimal
pulsations and greater accuracy

Applications

* Chemical transfer
* Pharmaceutical processing

Peri-Star™ Pro peristaltic pumps provide accurate and precise pumping
with convenience and versatility. Peri-Star Pro can be run in either flow
rate mode (mL/min) or rotation speed mode (rpm). For good laboratory
practice, pumps must be calibrated after changing the tubing and
solution. You can easily calibrate Peri-Star Pro to deliver flow as accurate
as 0.5% in a wide flow range from 0.01 mL/min to 280 mL/min. Under
rotation speed mode, the digitally controlled stepping motor provides
accurate and reproducible operation with 0.1% rpm both forward and
in reverse.

Backlit display with water resistant cover

Large backlit digital LCD display provides readouts of rotation direction,
flow rate or rotation speed, tubing ID, drive status and remote control
mode simultaneously. Water resistant membrane keypad allows easy
programming while protecting LCD display and controls from fluid entry.

Easy set up and calibrate the pump

Built-in Human Machine Interface (HMI) with screen instructions in
plain English steps you through initial setup, calibration and operating
procedures. The user-friendly interface reduces the need to frequently
check the printed manual for instruction and reference.

Unique planetary gears for accuracy

Peri-Star Pro is available in two versions: a 4-roller version for high flow
and an 8-roller version for lower volumes which provides high pressure
with minimal pulsations.

A unique planetary gear design with eight actively driven rollers (four
rollers for higher flow rate model), together with independent tubing
compression fine adjustment, enables high flow accuracy and prolongs
tubing life. Snap-on cartridges allow tubing to be changed quickly
without cross contamination of solutions.

Ce
PERI-STAR PRO SPECIFICATIONS

Peri-Star Pro 2H / 4H Peri-Star Pro 4L / 8L

PERIPRO-4LS

(High Rate) (Low Rate)
NUMBER OF ROLLERS 4 8
NUMBER OF CHANNELS 2-4 4-8
ROTOR SPEED RANGE 1-100 rpm 1-100 rpm
FLUID FLOW RANGE #17 Tl?l;igrz:?g;g[];lr?m/min #14 ng)i;;g;n—a/gngumin
TUBING RANGE 3.1-6.4mm D 0.5-24mm D
SELF-CALIBRATION Yes Yes
WORKING ENVIRONMENT 0-45°C, Humidity < 80% 0-45°C, Humidity < 80%
POWER 110V or 220 VAC, 50 - 60 Hz 110 Vor 220 VAC, 50 - 60 Hz
DIMENSIONS 190 x 162 x 275 mm 190 x 162 x 275 mm
SHIPPING WEIGHT 111b. (5 kg) 111b. (5 kg)

ORDERING INFORMATION

PERI-STAR PRO PUMPS

PERIPRO-2HS  Peri-Star™ Pro, 2-channel, High Rate, Large Tubing (110-220V)
PERIPRO-4HS  Peri-Star™ Pro, 4-channel, High Rate, Large Tubing (110-220V)
PERIPRO-4LS  Peri-Star™ Pro, 4-channel, Low Rate, Small Tubing (110-220V)
PERIPRO-8LS  Peri-Star™ Pro, 8-channel, Low Rate, Small Tubing (110-220V)

OPTIONAL ACCESSORIES/REPLACEMENT PARTS

503049 Replacement Tubing Cartridge, Large

503050 Replacement Tubing Cartridge, Small

503022 Replacement Silicone Tubing, T m, 1.6 mm |.D., #14, with
stops

503023 Replacement Silicone Tubing, T m, 6.4 mm 1.D., #17

503120 TTL Control Module

WORLD PRECISION INSTRUMENTS
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Mini Peristaltic Pump
Lightweight, portable MinixStar™

Features
* Flow Range: 0.06-
14.0 mL/min

* Speed: 1-50.0 rpm,
forward/reverse

* Stand and clamp
shown in the image

izzg:g?jggr are included
(4 channels, 4 rollers) * Includes tubing
Benefits
* Remote control
(wired)

* Small footprint
* Quiet operation

+ Compact and easily
transported o

Applications Seeet MINISTAR
PP = =

* Small volume
chemical transfer

* Pharmaceutical processing
* Sample perfusion

Pump head for
PERIPRO-8LS
(8 channels, 8 rollers)

This compact, lightweight peristaltic pump fits just about anywhere. It
can be mounted directly on the bench, in a regular rack or to a post.
The speed can be adjusted from 1 to 50 rpm. With recommended
silicone tubing, the volume can be set from 0.06 to 14.0 mL/min. The
MiniStar™ also features a hand held remote control that allows you to
start and stop the pump, purge or adjust its speed and direction.

MINISTAR™ SPECIFICATIONS

CHANNEL 1
SPEED 1-50.0 rpm, forward/reverse
FLOW RANGE 0.06~14.0 mL/min
RESOLUTION 1 rpm (0.1 rpm computer control)
SPEED CONTROL Remote control
DISPLAY Indicators for status and speed
POWER 12V DC (110/220 VAC adapter incl.)
WORKING CONDITION Temperature 0-40°C, humidity < 80%
TUBING (Two-stop Silicone)

Pump head for Wall Thickness 0.8~1.0 mm

PERIPRO-2HS Outer Diameter <4.8 mm

(2 channels, 4 rollers) DIMENSION OF DRIVER 135x72x72 mm (LXWxH)
DIMENSION OF REMOTE CONTROL ~ 105x50%16 mm (LxWxH)
WEIGHT OF DRIVER 0.5 kg

ORDERING INFORMATION

MINISTAR Miniature Peristaltic Pump, 1-channel

504011 MiniStar™ and Stand (as pictured above)

503120 TTL Control Module

503121 Silicone Tubing with stops, 2.4mm ID x 0.8mm wall x 1 m (5-pk)
503122 Silicone Tubing with stops, 1 mm ID x T mm wall x 1 m (5-pk)

Pump head for
PERIPRO-4LS
(4 channels, 8 rollers)

WORLD PRECISION INSTRUMENTS www.wpiinc.com
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Microinjection Syringe Pump

Delivering picoliter volumes precisely

Features

* Graphic display with SMARTouch touch screen controller for
"intelligent", easy to use interface controlling up to four syringe
pumps

* Splash proof touch screen

* User configurable mounting bar

* Dual mode motor drive

» Compatible with all UMP, UMP2 and UMP3 pumps

+ Optional foot switch available

+ 5-Digit display

Benefits

* Accepts a wide variety of microinjection syringes

* Manual or automated injections

* Quiet operation for electrophysiology recordings

* Mounts directly on micromanipulator or stereotaxic frame
* Nominal injections down to 1.0 nL

* Rapid setup with intuitive touchscreen controller

Applications

* Microinjection

* Neuroscience

* Microfluidics

* Micro delivery of biochemical agents or dyes

The UltraMicroPump 3 (UMP3) is a versatile pump which uses micro
syringes to deliver picoliter to milliliter volumes. The pump is optimum
for applications that require injections of precise and small amounts
of liquid. With its touchscreen controller, UMP3 can displace as little as
0.53 pl/step (using 10 pL syringe with 60 mm scale length).

The new SMARTouch™ controller for the UltraMicroPump features
Patent Pending technology which includes:

*+ Total system calibration - Calibrate the syringe and the controller
together as a system. This feature eliminates the variability of the
syringes and delivers the calibrated volume.

* Smart smoothness - The controller can be set to automatically adjust

microstepping according to the injection rate to deliver the smoothest flow.

* User defined travel limits - Set the limits for a specific syringe in the
software. This prevents the pump from over-driving the plunger into the
syringe, potentially causing syringe breakage.

The MICRO2T SMARTouch™ controller is feature rich. All operations are

controlled through interactive touch screen. It has a graphical indication

of the flow and the volume remaining in the syringe. It offers automatic
end stop detection that is dependent on the syringe volume. You can
control two pumps independently from one controller with its dual
display. It also has automatic pump detection and a Pause/Resume
feature that allows dosing during infusion/withdrawal The volume
accumulated is displayed on screen, as well as the percentage of volume
left in the syringe. The SMARTouch controller is fully compatible with all
earlier versions of the UltraMicroPump.

Low Fluid Dead Volume

Syringes may be filled externally and then inserted into the pump or
filled while mounted in the pump. Fluids injected or withdrawn are held
entirely within the micro syringe to maintain a low fluid dead volume.

Flexibility in Mounting

For positioning, the UMP3 may be attached to any of several WPI micro-
positioners such as the M3301 (manual), SU-QUAD or SU-TRIO (motor-
ized) or any manual stereotaxic manipulator.

Rapid Setup with Intuitive Touchscreen Controller

An Integral component in the UMP3 system is the SmarTouch
touchscreen controller, which provides an “intelligent” and easy-to-use
interface to up to four (or two) syringe pumps. Operating parameters are

=~ UMP3T-1

UMP3 shown mounted to the
MTM-3 Motorized Stereotaxic
Frame (not included).

set with the touchscreen panel. You can save your parameters for instant
recall. An optional foot switch offers “hands free” start/stop operation.

Computer Control—A USB port on the rear of the controller can be
used to connect it to a computer for scripted protocols.

NOTE: UMP3 accepts glass syringes with barrel diameters from 5.5 to
9 mm.

References

Augestad, I. L., Nyman, A. K. G., Costa, A. |., Barnett, S. C., Sandvig, A.,
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The SMARTouch™ controller can
control up to two UMP3 pumps.
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T ULTRAMICROPUMP SPECIFICATIONS
Three-prong syringe 22 (based on 10 pL syringe)
holder for more NORMAL MODE

stability TRAVEL 62 mm

MINIMUM DISPENSING VOLUME 0.58 nL/step (10 pL syringe)

LINEAR MOTION PER STEP 3.175 pm/half step

WEIGHT 325g(11.502)

MOUNTING ROD DIAMETERS 7.9 mm (0.31in.)

MAINS POWER SUPPLY 90-264VAC @ 47-63Hz

DIMENSIONS @32 mm x 190 mm
(@1.3in.x7.5in.)

Manipulator sold MAXIMUM SYRINGE SIZE TmL

separately. MICROSTEPPING MODE

Precision is increased eight-fold

ORDERING INFORMATION

UMP3T-1 UltraMicroPump Ill (one) and Micro2T Controller
UMP3T-2 UltraMicroPump IlI (two) and Micro2T Controller
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UMP3-3 UltraMicroPump Ill (three) and Micro4 Controller
UMP3-4 UltraMicroPump Il (four) and Micro4 Controller
UMP3 UltraMicroPump III (without controller)

MICRO2T SMARTouch Controller, Two-Channel
OPTIONAL ACCESSORIES/REPLACEMENT PARTS

13142 Foot Switch for MICRO2T*

502201 V-clamp for Stereotaxic Frame

503301 Extension Cable, miniDIN (male-female) 10 ft
503207 Small Base Stand and Clamps

*13142 is the foot pedal for use with the MICROZ2T ONLY. It is not compat-
ible with the old MICRO4 controller, which uses the 15867 foot pedal. The
UMP3 shown mounted on a standard micromanipulator (not included) two foot pedals are not cross-compatible.

and using the new SMARTouch controller.

Microvolume Syringes .

ORDERING INFORMATION

Syringes with Luer Fitting (no needle)

SCALE

Order No. Volume Description 0.D. LENGTH UMP3 UMP2
ILSOO5LT 5pL ILS 5 pL Gas-tight Luer tip 6.5mm 541 mm Y Y
ILSO10LT 10 pL ILS 10 pL Gas-tight Luer tip 6.5mm 541 mm Y Y
ILSO25LT 25 L ILS 25 pL Gas-tight Luer tip 8.0 mm 60 mm Y Y
SGEO50TLL 50 pL SGE 50 pL Gas-tight Teflon Luer Lock 8.0 mm 60 mm Y Y
SGE100TLL 100 yL  SGE 100 pL Gas-tight Teflon Luer Lock 8.0 mm 60 mm Y Y
SGE250TLL 250 uL  SGE 250 pL Gas-tight Teflon Luer Lock 8.0 mm 60 mm Y N
. SCALE
Order No. Volume Description 0.D. LENGTH UMP3 UMP2
SGEOOO5RN* 0.5pL  SGE 0.5 pL 23 ga (0.63 mm), 70 mm long needle 8.0mm 541 mm Y Y
SGEOO1RN* 1.0pL  SGE 1.0 pL 26 ga (0.47 mm), 70 mm long needle 8.0 mm 54.1 mm Y Y
SGEOO5RN 5L SGE 5 pL 23 ga (0.63 mm), 70 mm long needle 8.0 mm 54.1 mm Y Y
SGEO10RNS 10 L SGE 10 pL 26 ga (0.47 mm), 50 mm long needle 8.0mm 541 mm Y Y
SGEO25RN 25pL  SGE 25 pL 25 ga (0.50 mm), 50 mm long needle 8.0 mm 60 mm Y Y
SGEO50RN 50 uL  SGE 50 pL 25 ga (0.50 mm), 50 mm long needle 8.0 mm 60 mm Y Y
SGE100RN 100 uL ~ SGE 100 ylL 25 ga (0.50 mm), 50 mm long needle 8.0 mm 60 mm Y Y

* The capacity of this syringe is so small that the entire sample is contained within the needle. The plunger extends to the tip of the needle, displacing
the full sample during injection — which gives the syringe zero dead volume.
SGE and ILS are respective trademarks of Scientific Glass Engineering and Innovative Labor Systeme.

Replacement Needles

RNO0005 For Syringe SGEOOO5RN, 23 ga (0.63 mm) 70 mm long

RNOO1 For Syringe SGEOO1RN, 26 ga (0.47 mm) 70 mm long

RNO005 For Syringe SGEOO5RN, 23 ga (0.63 mm) 50 mm long

RNO10 For Syringe SGEOTORN(S), 26 ga (0.47 mm) 50 mm long, 5-pack

RN025 For Syringes SGE025RN, SGEOS0RN, SGEOT00RN, 26 ga (0.47 mm) 50 mm long, 5-pack
WORLD PRECISION INSTRUMENTS www.wpiinc.com
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SYRINGES

Sub-Microliter Injection System

Includes the smallest dead volume injection when the 10 uL syringe is used

with WPI needles 34-36g

Features

* The smallest dead volume injection syringe

*+ Various needle sizes available from 26 ga. and 33-36 ga.
* Blunt or sharp needles

+ Compatible with WPI's UMP3 microinjection system

Benefits

* Low dead volume (0.5 pL or less)
* Switching the syringe tip during an experiment is easy
*+ Variety of tips.

Applications

* Animal research
* Capillary electrophoresis
* Versatile research applications — RPE and 10 Kits

NanoFil™ is a specially designed 10 pL syringe developed in response
to customer requests for improved microinjection in mice and other
small animals. It makes quantitative nanoliter injection much easier
and more accurate than any other method currently in use.

Low Dead Volume

NanoFil's low dead volume eliminates the need for oil backfilling, a
messy process which risks contamination of the injected sample.
Injection is now simpler, and less messy, and there is no possibility

of oil contamination in critical applications such as ophthalmology
research (see the Retinal Pigment Epithelial (RPE) and Intra Ocular (I0)
injection kits listed below).

Easily Switch Syringe Tip

When the inner tip diameter of a conventional syringe is reduced to less
than 100 pm, it is very difficult to front fill the solution at a reasonable
speed. NanoFil solves this problem by using a tip coupling mechanism
that makes it possible to change the syringe tip during the experiment.
Simply load the sample using a larger tip, such as the 26 gauge needle
provided with the syringe, and then replace it with a micro tip for sample
injection. On a conventional 10 pL syringe, a solid ring or bushing is
permanently bonded to the tubing. Replacing the tip in the middle of
the experiment is not practical. With NanoFil, tips can be exchanged by
a simple twist of the brass lock, gently pulling out the tip, and replacing
with the desired new tip.

Holds Metal Tips and Quartz Tubing

To secure the tip, NanoFil uses an olive-shaped silicon gasket that is
similar to, but much sturdier than, some of the microelectrode holders
used for electrophysiology recording. The silicone gasket makes it pos-
sible to hold not only metal needles but also Silflex tubing. Many types
of tubing can be easily connected to the syringe as long as the outer
diameter (OD) is close to, but not more than, the barrel inner diameter
(ID) of 460 pm. Flexible quartz capillaries used in Gas Chromotography
(GC) and Capillary Electrophoresis (CE) can also be easily coupled to
the syringe.

Variety of Tips

Specially designed needles as small as 36 gauge (110 um OD) are
offered in both blunt and beveled styles. Our studies have shown
that these needles will cause less trauma to the tissue. NanoFil has a
unigue coupling mechanism that allows many different forms of small
tubing and tips to be coupled with the syringe barrel.

Selecting the correct tip for your application

The replaceable needles used with NanoFil are available with either
blunt or beveled tips. The blunt tip is used for injection into soft tissue
and when a uniform solution distribution is needed. The beveled style is
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ferrule: @ 8 mm

used for applications that involve the penetration of a tough tissue.

One of the main factors that can affect the resolution and accuracy of

a microinjection in the low nanoliter range is diffusion from the needle
opening. When the tip ID is equal to or larger than 100 um, the error
caused by tip diffusion can be in the nanoliter range level [(100 micron)®
=1 nanoliter]. With a 36 gauge needle installed on the NanoFil, the
error caused by diffusion will be reduced, making accurate injection of a
nanoliter possible.

All of WPI's beveled needles have a unique 25° tri-surface bevel that

is optimized for microinjection. A 10 degree single-surface beveled

tip penetrates better than one with a 25° angle, however the distance
between the upper opening to the tip (the dimension “F" in the table

on page 59) is longer. As a result, it requires deeper penetration of the
tip. This can be an issue for microinjection into very small areas where
the dimensions of the anatomy can't accomodate the required depth of
insertion.. WPI's unique 25° beveled tip reduces the required insertion
depth by incorporating two extra beveled surfaces. The edge of a single
surface beveled tip is actually a blade instead of a point. It dulls very
quickly. In contrast, the tri-surfaced tip has a sharp point. It penetrates
more easily and is more durable. Our tests show that our 33 gauge,

25 degree beveled tip penetrates easier and lasts longer than other
manufacturers’ 33 gauge, 10 degree single beveled tips. With a 35 gauge
tri-surface beveled tip, the resistance to the penetration becomes even
less. Each of our needles undergo a penetration test before leaving the
factory to guarantee the best results for our customers.

Available Tips

33 gauge: This tip is similar to Hamilton's 7762 and 7803 series
removable needles in both tip length and outer diameter. However, our
beveled tip version is shorter, more durable, and penetrates better due
to the special tri-surface grinding technique. In the past, 33 gauge tips
were the smallest size sold by other manufacturers and were frequently
cited in literature. However, our new 35 gauge tip is much better for
injections involving small animals, especially mice. Compared with
Hamilton's 33 gauge, 10 degree beveled tip, our 35 gauge 25 degree
beveled tip can reduce the depth of penetration by almost 80%. The
distance between the tip and the upper rim of the opening (dimension
F on the drawing) is 348 pm for the 33 gauge tip. The distance for our
35 gauge tip is only 230 pm. In addition, the smaller tip size significantly
reduces the required penetration force. In nearly all applications, a 33
gauge tip can be replaced with our 35 gauge tip and produce better
results.

34 gauge

This is a transitional size between the 33 gauge and 35 gauge. If the
35 gauge is too weak and the 33 gauge is too large, this makes a good
alternative.

35 gauge

This was the most popular and preferred tip of most scientists during
our field trial. The combination of its strength, length, durability and
clogging resistance creates a balance with very little compromising of the
individual properties. It is much smaller than the 33 gauge tip offered by
other manufacturers. It is only slightly larger than the 36 gauge tip but

is much stronger and less likely to be clogged. Samples can be directly
loaded with this tip. Its 5 mm length is sufficient enough for almost all
injection applications in mice.

36 gauge

This is the smallest tip that is commercially available. The tip is so
small that it can be inserted into the opening of the 33 gauge needle
tip. Because this is pushing the limits of what current technology can
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produce, there are some limitations to consider before using it. Its thin
diameter makes it necessary to limit its length to 2.5 to 3 mm in order
to maintain a usable strength. Since the tip ID is in the 25 to 50 pm
range, it is very easily clogged. Therefore, only well filtered solutions can
be used. Depending on the viscosity of the sample, you might also need
to pre-load the syringe with a regular tip before switching to this tip for
injection. We recommend using the 35 gauge tip instead of the 36 gauge
unless it is absolutely necessary.

Flexible Quartz Tubing
The flexible quartz tubing tip is made of 160 pm OD polyimide coated

A
W

P

£

e
DETAIL A

quartz tubing with a special adapter sleeve mounted at the end. It is N , a‘

designed for filling glass capillary electrodes or pipettes, just like WPI's ~— ~—~ h

traditional MF34G MicroFil. However, unlike the traditional MicroFil,

which has about 50 pL of dead volume

in its Luer hub, the dead volume of this SPECIFICATIONS

tip is less than 0.589 pL. It is useful for . . Tip I.D.  Tip Total Shank Bevel Total .

loading electrodes with solutions that have Tip Order Gauge T'Ff, OD “B Length Length O.D. Length Dead Tip.
. . Number A . ucn upy e e Material

a limited volume or are too expensive to nominal C D E F Volume

waste. NF33BV-2 33 210 pm 15pm 10mm 40 mm 460pm  =348pm  0.416 L Stainless Steel

Refe rences NF34BV-2 34 185 ym 85um 5mm 35mm 460pm  =290pm  0.199 pL Stainless Steel

Arriaga, G., Macopson, J. J., & Jarvis, E. D. NF35BV-2 3% 135 um S5 pm 5mm 35mm 460pm  =204pm  0.435pL Stainless Steel

(2015). Transsynaptic Tracing from Peripheral NF36BV-2 36 120 ym 35um 3mm 33mm 460 ym =156pm 0340 pL Stainless Steel

Targets with Pseudorabies Virus Followed i " 1 1 A

by Cholera Toxin and Biotinylated Dextran NFQ34-5 3 60 ym 00 pm 55 mm 75mm 60 pm n/a 0.589 pL Quartz

Amines Double Labeling. Journal of Visualized NF33BL-2 33 210 pm 15 ym 10 mm 34mm 460 pm =0 0.416 pL Stainless Steel

Experiments, (103), €50672-50672. NF34BL-2 34 185 ym 85 ym 5mm 29mm 460 pm =0 0.199 pL Stainless Steel

hD“f:/t/tdo‘_-O’gD/ 12-3“7,'91; 506(7:2 Cassel JC NF35BL2 35 3um Sum Smm 29mm 460pm =0 0435pl Stainless Steel

elotterie, D. F., Mathis, C., Cassel, J.-C., . .

Rosenbrock, H., Dorner-Ciossek, C., & NF36BL-2 36 120 pm 35um 3mm 27 mm 460 pm =0 0.340 pL Stainless Steel

Marti, A. (2015). Touchscreen tasks in Silflex 100 pm 35m 2.749 pL

mice to demonstrate differences between NE26BV-2 % 460 m 110 um 3mm 40mm 460 m 0380 L

hippocampal and striatal functions.

Neurobiology of Learning and Memory, 120,

16-27. http://doi.org/10.1016/;.nIm.2015.02.007

Han, Z., Banworth, M. J., Makkia, R., Conley, S. M., Al-Ubaidi, M. R.,
Cooper, M. J., & Naash, M. I. (2015). Genomic DNA nanoparticles rescue
rhodopsin-associated retinitis pigmentosa phenotype. FASEB Journal : Official
Publication of the Federation of American Societies for Experimental Biology, 29(6),
2535-44. http://doi.org/10.1096/f].15-270363

Using NanoFil™ in different configurations

Direct injection by hand: This is the simplest and most economical
way to inject. Any of our tips can be inserted directly into the NanoFil™
syringe. Even the SilFlex tubing can be inserted to switch from hand
injection to the other methods listed below. This method is limited by
the accuracy of plunger movement that is achievable with a human
hand.

Installed on WPI's UMP3 microsyringe pump: This will allow the
user to achieve nanoliter resolution and reproducibility. For neural
system injection, mount the UMP3 on a stereotaxic frame.

SilFlex tubing and holder: The needle is mounted on a small

plastic holder that is connected to the NanoFil by a 35 cm length of
flexible tubing. The NanoFil syringe is mounted on the UMP3 pump.
This configuration allows the user to hold the animal in one hand

and insert the needle with the other. When the needle reaches the
desired location, activate the pump using the foot switch and the pre-
programmed injection volume will be delivered. This configuration
gives a nanoliter level of accuracy and reproducibility. It is best suited
for applications such as the RPE and 10 injection.

WORLD PRECISION INSTRUMENTS
+ Tel: (941) 371-1003 -+

ORDER TOLL-FREE: (866) 606-1974 (U.S. only)

ORDERING INFORMATION

NANOFIL NanoFil™ Syringe, 10 microliter
Includes two 28-gauge MicroFil needles MF28G; one 1cc
plastic syringe; and one 26-gauge beveled needle NF26BV.
NANOFIL-100 NanoFil™ Syringe, 100 microliter
26-gauge beveled needle NF26BV included.

REPLACEMENT NEEDLE
NF26BV-2 26G Beveled Needle, 460 pm nominal diam. (package of 2)

NanoFil™ NEEDLEs

NF33BL-2 33 G blunt NanoFi™ Needle (pkg. of 2)
NF34BL-2 34 G blunt NanoFiI™ Needle (pkg. of 2)
NF35BL-2 35 G blunt NanoFiI™ Needle (pkg. of 2)
NF36BL-2 36 G blunt NanoFiI™ Needle (pkg. of 2)
NF33BV-2 33 G beveled NanoFil™ Needle (pkg. of 2)
NF34BV-2 34 G beveled NanoFiI™ Needle (pkg. of 2)
NF35BV-2 35 G beveled NanoFil™ Needle (pkg. of 2)
NF36BV-2 36 G beveled NanoFil™ Needle (pkg. of 2)
NF33-36BL  Assortment of 4 blunt NanoFil™ Needles
NF33-36BV  Assortment of 4 beveled NanoFiI™ Needles

OPTIONAL ACCESSORIES/REPLACEMENT PARTS

NFINHLD NanoFil™ Injection Holder

SILFLEX-2  SilFlex Tubing 35 cm long (pkg. of 2) (dead volume = 2.74 pL)
NFGSK-5 Spare Silicone Gasket for NanoFil™ & Holder (pkg. of 5)
NFQ34-5 34 Gauge Flexible Quartz Tubing for filling (pkg. of 5)

www.wpiinc.com
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NanoFil™ Application Kits

Designed for eye research

Features

* Includes SilFlex tubing, gasket, holder and tip assortment
* NanoFil™ syringe sold separately

* Less than 3 plL dead volume

* Achieve accurate, repetitive, oil-free injections

Benefits

* No oil back filling necessary
+ Comes with four needle sizes included in the kit

Applications

* Intraocular injection
* Retinal pigment epithelium injection
* Mouse brain injection

These kits are specially designed for eye research for injecting retinal
pigment epithelium (RPE) and intraocular (10) in addition to brain
injection in mice. They are used exclusively with a NanoFil™ syringe
and UMP3 to achieve accurate and repeatable oil free injections down
to submicroliter ranges. Each kit includes two pieces of Silflex tubing, a
holder assembly, spare gaskets, and an assortment of four needles —
blunt for the RPE kit and beveled tips for the |0 kit. Each kit comes with
one each of 33, 34, 35 and 36 gauge needles so that first time users can
find the best size for their application.

The Silflex tubing is a very important component of the kit. This 35 cm
long, flexible tubing has a precise outer diameter for airtight fitting with
the syringe. It also has a small inner diameter to minimize dead volume.
The SilFlex is coupled to the injection tip with a seal system similar to
that of the NanoFil. The dead volume of the entire kit (including the
tubing) is less than 3 microliters. All of the components in the kit are
constructed of inert, solvent resistant materials for easy cleaning after
viral injection.

NFINHLD-G10

i

RPE-KIT

RPE-KIT Holder assembly

ORDERING INFORMATION

RPE-KIT Retinal Pigment Epithelium (RPE) Injection Kit
SilFlex tubing, gasket, holder, and blunt tip mix
10-KIT Intraocular (10) Injection Kit
SilFlex tubing, holder, gasket, 4 beveled tips (33g, 348, 35 g 368)
Stand & Clamps
NanoFil Injection Holder
1.0 mm Glass Pipette Holder for NanoFil Syringe

503207
NFINHLD
NFINHLD-G10

References

Park, S. W., Kim, J. H., Park, W. J., & Kim, J. H. (2015). Limbal Approach-
Subretinal Injection of Viral Vectors for Gene Therapy in Mice Retinal Pigment
Epithelium. journal of Visualized Experiments, (102), e53030-e53030.
http://doi.org/10.3791/53030
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Nanoliter Injector

For oocyte injection and applications in the 2 to 70nL range

Features

* Microprocessor-controlled injector

+ Direct piston displacement in capillary glass

* Filling and injection speeds: 23nL/sec and 46 nlL/sec
* Optional standard or Micro2T controller

* Optional foot switch

Benefits

* No syringes required
+ Graphical representation of volume status

* Automatically calculated injections based on syringe volume and scale
length

* Intuitive touchscreen interface

Applications
* Oocyte injection

WPI's microprocessor-controlled Nanoliter 2010 uses direct piston
displacement. By either pushing the injection button on the control
box or pressing on the optional foot switch, a discrete volume will be
injected. Choice of capillary filling and injection speeds are 23nL/sec or
46nL/sec (emptying speed is 92nL/sec). Maximum fluid ejection is 5 pL.
Each unit comes with sufficient glass to pull at least 300 micropipettes
(see PUL-1000, page 48). Glass is 1.14mm O.D. (nominal) and 0.5 mm
1.D.

By setting the DIP switch, the injection volume can be changed from 2.3
to 69.0nL in 16 steps. Up to 100 injections may be performed from a
single filling of the micropipette. Since the volume of a normal Xenopus
oocyte is about 500nL, the instrument has the capability to inject from
less than 1% to over 10% of the total volume of the oocyte in one preset
step increment.

Included: 1 vial 3.5 in. capillaries (300), replacement “O" rings, Allen
wrench, MicroFil MF34G backfilling needle and two sample pTip™ pre-
pulled micropipettes.

New SMARTouch controller

Already own a unit with the standard controller (shown below) or a
Micro4 digital controller? Now you can upgrade to touchscreen control
with the new SMARTouch.

References

Chouchane, M., et. al. (2017). Lineage Reprogramming of Astroglial Cells from
Different Origins into Distinct Neuronal Subtypes. Stem Cell Reports, 9(1), 162-
176. http://doi.org/10.1016/j.stemcr.2017.05.009

Moreno-Juan, V., et. al. (2017). Prenatal thalamic waves regulate cortical area
size prior to sensory processing. Nature Communications, 8, 14172. http://doi.
org/10.1038/ncomms14172

Tappert, L., et. al. (2017). Sublethal doses of imidacloprid disrupt sexual
communication and host finding in a parasitoid wasp. Scientific Reports, 7(1),
42756. http://doi.org/10.1038/srep42756

Lynagh, T., et. al. (2017). Unique Contributions of an Arginine Side Chain to
Ligand Recognition in a Glutamate-gated
Chloride Channel. The journal of Biological
Chemistry, 292(9), 3940-3946. http://doi.
0rg/10.1074/jbc.M116.772939

Li, S., et. al. (2017). Small RNA-Seq analysis
reveals microRNA-regulation of the Imd
pathway during Escherichia coli infection in
Drosophila. Developmental & Comparative
Immunology, 70, 80-87. http://doli.
org/10.1016/}.dci.2017.01.008

The standard configuration of the Nanoliter
2070 includes the small controller which is
simple to setup and operate.

NANOLITER2010

WORLD PRECISION INSTRUMENTS

Micromanipulator
sold separately.
NANOLITER 2010 SPECIFICATIONS

REMOTE CONTROL Yes
GLASS OD 1.174 mm
GLASS ID 0.5mm
STEP 12.7 um/step
INJECTION SPEED

Slow 23 nl/sec

Fast 46 nl/sec
FILL SPEED

Slow 23 nl/sec

Fast 46 nl/sec
EMPTY SPEED 92 nl/sec
SINGLE STEP VOLUME RANGE 2.3-69.0nL
SMALLEST VOLUME 23nL
LARGEST SINGLE STEP VOLUME 69 nL
TO CHANGE VOLUME Set switch
INJECTIONS PER FILLING, MAX. 100 injections
SHIPPING WEIGHT 31b. (1.1 kg)

ORDERING INFORMATION

NANOLITER2010 Nanoliter 2010 and Standard Controller
System includes Nanoliter 2010 injector, small controller, 1 vial 3.5 in.
capillaries (300), replacement “O” rings, Allen wrench, MicroFil™ MF34G
backfilling needle and two sample uTip™ pre-pulled micropipettes.
NL2010MC2T Nanoliter Injector & SMARTouch® Controller
(small controller not included)
System includes Nanoliter 2010 injector, MICROZ2T controller, 1 vial 3.5 in.
capillaries (300), replacement “O” rings, Allen wrench, MicroFil™ MF34G
backfilling needle and two sample uTip™ pre-pulled micropipettes.

OPTIONAL ACCESSORIES/REPLACEMENT PARTS

13142 Foot Switch for Nanoliter 2010

504127 Replacement Nanoliter 2010 Injector Head

504949 Replacement 3.5-in. Glass Capillaries, 1.14 mm OD (300)
504950 Replacement 7-in. Glass Capillaries , 1.14 mm OD (300)
TIP10XV119  Micropipettes (10) Prepulled 10 ym

40239 Adapter for SMARTouch

300521 Replacement O-rings (five)

500778 Replacement Nanoliter Injector Mounting Adapter
300033 Adapter for Micro4

www.wpiinc.com

ORDER TOLL-FREE: (866) 606-1974 (U.S. only) + Tel: (941)371-1003 - Fax: (941) 377-5428 - E-mail: sales@wpiinc.com 59

2
>
=2
o
.
—]
m
e
Z
S
m
(@)
—l
@)
~
7]



http://doi.org/10.1016/j.stemcr.2017.05.009
http://doi.org/10.1038/ncomms14172
http://doi.org/10.1038/ncomms14172
http://doi.org/10.1038/srep42756
http://doi.org/10.1074/jbc.M116.772939
http://doi.org/10.1074/jbc.M116.772939
http://doi.org/10.1016/j.dci.2017.01.008
http://doi.org/10.1016/j.dci.2017.01.008

* Analog control option
* CE, UL, CSA, CB Scheme, EU RoHS compliance

Benefits

* Automatic dispensing of small volumes

+ Very precise flow rate control

* Hands free operation with foot pedal

+ Better flow performance with accuracy +0.35%

Applications

* Drug administration

* Chemical applications with slow incorporation of fixed volumes of
fluids

The large touch screen color display lets you see all of the pump’s
operating parameters to ensure proper operation during the

on syringe size. It

accommodates a single syringe

m [ ]
a Touchscreen Programmable Pump Series
E Legato syringe pumps for reliable delivery with the ease of a touch screen
o
" Features SPLG100 Infuse-Only Syrmge Pump
. High uti | h The SPLG100 was the
U] igh resolution color touch screen first single-syringe
Z * Real time clock infusion-only pump
— + Touch pad “lock” feature with a touchscreen
o * Full metal chassis E;Eg?%% pafa
3; * Built in syringe table with up to 75 Ib. linear force wide flow rate
* Built in RS-485 interface to link multiple pumps range ffom
* USB port & RS232 Interface, TTL interface 20258%2/?]?/
+ Continuous mode of operation min,
* Protection with a spill dam depending

SPLG100

from 0.5 pL to 60 mL. Any type of syringe,
including glass, plastic or stainless steel are held securely in place.

SPLG100 SPECIFICATIONS

SYRINGE SIZE
POWER

MOTOR DRIVE CONTROL
LINEAR FORCE (MAXIMUM)
NUMBER OF MICROSTEPS PER
REVOLUTION OF LEAD SCREW
STEP RATE (MIN.)

STEP RATE (MAX.)

DRIVE MOTOR

PUSHER TRAVEL RATE (MIN.)
PUSHER TRAVEL RATE (MAX.)
FLOW RATE (MIN.)

FLOW RATE (MAX.)

0.5 pL to 60 mL

100-240 VAC: 50/60 Hz, 50W. 0.5 A fuse
Microprocessor with 1/16 microstepping
13.6 kg (30 Ib.) @ 100% force selection

15,360

27.5 sec/pstep

26 ysec/pstep

0.9 degree Stepper Motor
0.15 pm/min

159 mm/min

1.26 pL/ min (0.5 pL syringe)
88.32 mL/min (60 mL syringe)

experiments. Syringe size and flow rate are easily displayed, as well as DIMENSIONS 22.6x19.05x15cm (9x 7.5%x51n)
the volume delivered and elapsed time. Set up is easy using the icon- WEIGHT 2.66 kg (5.9 1b.)
driven software. An LED on the front panel makes it easy to see if the . :

p Y CONNECTORS RS485 - [EEE-1394 6 pos,

pump is running. Advanced micro stepping techniques are employed

to further reduce the step angle to eliminate flow pulsation. Accuracy

is +0.5%. A wide dynamic flow range from picoliters per minute to
millimeters per minute can be programmed into the pump. These
versatile pumps can be connected through an RS485 interface. Add the
new Adagio software to maximize the use of the pump’s functions and
features. Adagio allows you to configure the pump through the software,
as well as operate one or multiple pumps. LabVIEW drivers are available
on the National Instruments website.

SPLG100 SERIES FLOW RATES

USB Type B

SPLG101 Dual Infuse-Only Syringe Pump

The SPLG101 is ideal for
applications where dual
syringes are required
with small volumes up to
10 mL. It accommodates
two syringes from 0.5 plL
to 10 mL. The SPLG101
has a wide flow rate
range from 1.26pL/min to

Syringe Diameter Minimum Maximum 25.99 mL/min, depending
0.5puL 0.103 mm 1.260 pL/min 1.325 pl/min on syringe size. SPLG101
1L 0.146 mm 2.520 pL/min 2.651 pL/min
2L 0.206 mm 5.100 pL/min 5.299 pl/min SPLG101 SPECIFICATIONS
5uL 0.343 mm 14.100 pL/an 14.690 pL/m?n SYRINGE SIZE 0.5 L t0 10 mL
10 L 0485 mm 28.260 pL/min 29380 pL/min POWER 100-240 VAC: 50/60 Hz, 50W. 0.5 A fuse
25l 0.729 mm 63.900 pL/min 66.370 pl/min MOTOR DRIVE CONTROL Microprocessor with 1/16 microstepping
50 pL 1.03mm 127.600 pL/min 132.500 pl/min LINEAR FORCE (MAX)) 13.6 kg (30 Ibs.) @ 100% force selection
100pL  1.457 mm 255.20 pL/min 265.100 pL/min NUMBER OF MICROSTEPS PER 15,360
. . REVOLUTION OF LEAD SCREW
250 pL 2.304 mm 638.300 nL/ min 662.900 pL/min STEP RATE (MIN.) 27.5 sec/step
500 pL 3.256 mm 1.275 nl/min 1.324 mL/min STEP RATE (MAX.) 26 psec/pstep
1000 pL 4.608 mm 2.553 nl/min 2.652 mL/min DRIVE MOTOR 0.9 degree Stepper Motor
1 mL 4,699 mm 2,655 nl/min 2.757 ml/min PUSHER TRAVEL RATE (MIN.) 0.15 pm/min
. . PUSHER TRAVEL RATE (MAX.) 159 mm/min
3mb 8.585 mm 8863 nl/min 9204 ml/min FLOW RATE (MIN.) 1.26 pL/ min (0.5 pL syringe)
i LRl el el FLOW RATE (MAX.) 25.99 mL/min (10 mL syringe)
10 mL 14.427 mm 25.030 nL/min 25.990 mL/min DIMENSIONS 22.6%x19.05x15cm (9x7.5%x5in)
20 mL 19.05 mm 43.640 nL/min 45.320 mL/min WEIGHT 2.66 kg (5.9 1bs.)
; ; CONNECTORS RS-232 - 9 Pin D-Sub connector,
30 mL 21.59 mm 56.050 nL/min 58.210 mL/min RS485 - IEEE-1394 6 pos,
60 mL 26.594 mm 85.050 nL/ min 88.320 mL/min

USB - Type B
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SPLG110 Infuse/Withdraw Syringe Pump

The SPLG110 offers
infuse/withdraw

flow control and
programmability for up to
two multi-step programs
of 50 steps each. The
SPLG110 has a wide flow
rate range from 1.26pL/
min to 88.28mL/min,
depending on syringe
size. The SPLG110
accommodates a single
syringe from 0.5 plL to 60 mL. Any type of syringe can be used in the
unit including glass, plastic or stainless steel. The pump is ideal for more
complex multi-step dosing and has multi-mode operation including
infusion only, withdrawal only, infusion and withdrawal and withdrawal/
infusion modes.

SPLG110 ce

SPLG110 SPECIFICATIONS

0.5 pL to 60 mL
100-240 VAC: 50/60 Hz, 50W. 0.5 A fuse

SYRINGE SIZE
POWER

SPLG270 Push/Pull Contlnuous

The SPLG270
is a Push-Pull
syringe pump.
It accommo-
dates two
syringes from
0.5 pL to 140
mL for infusion
and two syring-
es for with-
drawal. This
model sup-
ports infusion
and withdrawal
simultaneously at user-defined flow rates and with selectable target
volumes to control the total volume pumped. It also supports infuse
only, withdraw only, infuse/withdraw, withdraw/infuse and continuous
mode. The touch screen interface lets you quickly create configurations
and recall them for easy use. The 4.3" TFT color display with touch pad
interface presents all the pump operating parameters on one easy-to-
view run screen. Protective cover over the display prevents leakage into

SPLG270

MOTOR DRIVE CONTROL
LINEAR FORCE (MAX))
NUMBER OF MICROSTEPS PER
REVOLUTION OF LEAD SCREW

STEP RATE (MIN.)

STEP RATE (MAX))

DRIVE MOTOR

PUSHER TRAVEL RATE (MIN.)
PUSHER TRAVEL RATE (MAX.)
FLOW RATE (MIN.)

FLOW RATE (MAX))
DIMENSIONS

WEIGHT

CONNECTORS

Microprocessor with 1/16 microstepping
13.6 kg (30 Ib.) @ 100% Force Selection
15,360

27.5 sec/pstep

26 psec/pstep

0.9 degree Stepper Motor

0.15 pm/min

159 mm/min

1.26 pL/ min (0.5 pl syringe)
88.28 mL/min (60 ml syringe)
22.6x19.05x15cm (9 x7.5x51in)
2.66 kg (5.9 1b.)

RS-232 - 9 Pin D-Sub connector,
RS485 - I[EEE-1394 6 pos,

USB - Type B

SPLG210 Infuse/Withdraw Syrmge Pump

The SPLG210 Infuse/Withdraw syringe
pump is easy to use with the high
resolution touch screen. The basic
model works with one syringe or

two (from 0.5 pL to 140 mL)
and can be reconfigured
in the field to be used
with multiple syringes.

A protective cover over
the display prevents
leakage into the display. To

the display.

SPLG270 SPECIFICATIONS

SYRINGE SIZE

POWER

MOTOR DRIVE CONTROL
LINEAR FORCE (MAX.

NUMBER OF MICROSTEPS PER
REVOLUTION OF LEAD SCREW

STEP RATE (MIN.)

STEP RATE (MAX.)

DRIVE MOTOR

PUSHER TRAVEL RATE (MIN.)
PUSHER TRAVEL RATE (MAX.)
FLOW RATE (MIN.)

FLOW RATE (MAX.)
DIMENSIONS

WEIGHT

CONNECTORS

0.5pLto 140 mL

100-240 VAC: 50/60 Hz, 50W. 0.5 A fuse
Microprocessor with 1/16 microstepping
34 kg (75 1b.) @ 100% force selection
6400

27.5 sec/pstep

26 psec/pstep

1.8° Stepper Motor

0.36 pm/min

190.80 mm/min

5 pL/min (0.5 pL syringe)

215.803 mL/min (140 mL syringe)

889 x254x%x2794cm (3.5x10x11in)
49kg(10.751b.)

RS-232 - 9 Pin D-Sub connector,
RS-485 - [EEE-1394 6 pos,

USB - Type B,

I/0 & TTL - 15 Pin D-Sub connector

optimize your bench space, SPLG210
the SPLG210 can be placed on its side to C€
reduce the footprint to only 3.5 x 9.75 in. The display

also rotates with the change to allow you to operate the pump vertically.
The programmable model offers maximum flexibility for configuring and
running different programs. Up to 40 programs of 20 steps each can be
configured and stored for quick recall with the touch of a button.

SPLG210 SPECIFICATIONS

SYRINGE SIZE

POWER

MOTOR DRIVE CONTROL
LINEAR FORCE (MAX.)
NUMBER OF MICROSTEPS PER
REVOLUTION OF LEAD SCREW
STEP RATE (MIN.)

STEP RATE (MAX))

DRIVE MOTOR

PUSHER TRAVEL RATE (MIN.)
PUSHER TRAVEL RATE (MAX.
FLOW RATE (MIN.)

FLOW RATE (MAX.)
DIMENSIONS

WEIGHT

CONNECTORS

0.5 pLto 140 mL

100-240 VAC: 50/60 Hz, 50W. 0.5 A fuse
Microprocessor with 1/16 microstepping
34 kg (75 Ib.) @ 100% force selection
6400

27.5 sec/pstep

26 psec/pstep

1.8 degree stepper motor

0.36 pm/min

190.80 mm/min

5 pL/min (0.5 pL syringe)

215.803 mL/min (140 mL syringe)
8.89x254x%x2794cm 3.5x10x 111in))
49kg(10.75 Ib.)

RS-232 - 9 Pin D-Sub connector,
RS-485 - [EEE-1394 6 pos,

USB - Type B,

I/0 & TTL - 15 Pin D-Sub connector

Adagio Software

® Low cost, simple installation @ Flow evolution graph @ Import and export
programs @ Quick and easy manual pump control @ Monitor one or more
pumps @ Program data logging

The manual pump control tool allows easy direct control of the pump.
Pump commands can be entered directly into the log. Multiple programs
can be opened at the same time. The program’s progression is tracked, and
can be stored in a file for later access.

Intuitive Run Screen — Combining multiple parameters simultaneously with
internationally recognizable icons allow the Legato™ Series to provide a new level
of intuitive syringe pump operation.

ORDERING INFORMATION

SPLG100 Legato 100 Syringe Pump, Infuse-Only

SPLG101 Legato 101 Syringe Pump, Dual Infuse-Only

SPLG110 Legato 110 Syringe Pump, Infuse/Withdraw

SPLG200 SPL Syringe Pump, Infuse Only

SPLG210 SPL Syringe Pump, Infuse/Withdraw

SPLG212 SPL Syringe Pump, Infuse/Withdraw Programmable

SPLG270 SPL Syringe Pump, Push-Pull

SPLG272 SPL Syringe Pump, Push-Pull Programmable

504576 Small Syringe Multi Rack (for six 30-60 mL syringes or ten
0.5 pL-20 mL syringes)

504577 Large Syringe Multi Rack (for up to four 60-140 mL plastic
syringes)

504578 Software Adagio/USB Key

WORLD PRECISION INSTRUMENTS
ORDER TOLL-FREE: (866) 606-1974 (U.S. only)

+ Tel: (941) 371-1003 -

www.wpiinc.com

Fax: (941) 377-5428 + E-mail: sales@wpiinc.com 61
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Touchscreen Programmable Pump Series

Legato syringe pumps for reliable delivery with the ease of a touch screen

Features

*+ High resolution color touch screen

* Real time clock

* Touch pad “lock” feature

* Full metal chassis

* Built in syringe table with up to 75 Ib. linear force
* Built in RS-485 interface to link multiple pumps
* USB port & RS232 Interface, TTL interface

+ Continuous mode of operation

* Protection with a spill dam

* Analog control option

+ CE, UL, CSA, CB Scheme, EU RoHS compliance

Benefits

* Automatic dispensing of small volumes

* Very precise flow rate control

* Hands free operation with foot pedal

* Better flow performance with accuracy +0.35%

Applications

*  Drug administration

*  Chemical applications with
slow incorporation of fixed
volumes of fluids
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SPLG200
Ce

SPLG200 Infuse-Only Syringe Pump

The SPLG200 Infuse only syringe pump is easy to use with the high
resolution touch screen. The basic model works with one syringe or
two (from 0.5 pL to 140 mL ) and can be reconfigured in the field to
be used with multiple syringes. To optimize your bench space, the
SPLG200 can be placed on its side to reduce the footprint to only
3.5x9.75 inches. The display automatically reorients itself with the
change to allow the user to operate the pump vertically. The pump
features user definable flow rates with selectable target volumes and
time values to control the infusion rate and the total volume. Up to 40
programs of 20 steps each can be configured and stored in the unit
for quick recall with the touch of a button.

When mounted vertically,
the display screen of

the SPLG series pumps
automatically reorients for SPLG200 SPECIFICTIONS
ease of use. SYRINGE SIZE 0.5 uL to 140 mL
POWER 100-240 VAC: 50/60 Hz, 50W. 0.5 A fuse
SPLG200 SERIES FLOW RATES MOTOR DRIVE CONTROL Microprocessor with 1/16 microstepping

N . L N LINEAR FORCE (MAX.) 34 kg (75 Ibs.) @ 100% force selection
Syringe Diameter Minimum Maximum NUMBER OF MICROSTEPS PER
0.5pL 0.103 mm 3.12 pL/min 1.589 pL/min REVOLUTION OF LEAD SCREW 6400
1L 0.146 mm 6.18 pL/min 3.180 pL/min STEP RATE (MIN.) 27.5 sec/ustep
2L 0.206 mm 12.301 pL/min 6.358 plL/min STEP RATE (MAX.) 26 psec/ustep
5pL 0.343 mm 33.96 pL/min 17.630 pL/min DRIVE MOTOR 1.8° stepper motor
10 pL 0.485 mm 67.72 pL/min 35.249 pl/min PUSHER TRAVEL RATE (MIN.) 0.36 pm/min -

25 4L 0.729 mm 15342 pUmin  79.640 pl/min PUSHER TRAVEL RATE (MAX) — 190.80 mm/min
50 pL 1.03 mm 30624 pL/min 158984 pL/min FLOWRATE (MIN) > PL/min (0.3 . syringe)

b : <4P . o H . FLOW RATE (MAX) 215.803 mL/min (140 mL syringe)
100 L 1.457 mm 61272 pl/min 318.126 pL/min DIMENSIONS 8.89 x 25.4 x 27.94 cm (3.5 x 10 x 11 in.)
250 pL 2.304 mm 1.533 nL/ min 795.51 pyL/min WEIGHT 4.9kg (10.75 Ib.)

500 pL 3.256 mm 3.06 nL/min 1.588 mL/min CONNECTORS RS-232 - 9 Pin D-Sub connector,
1000 pL 4,608 mm 6.129 nl/min 3.181 mL/min 5485 -T\EEE-1394 6 pos,

1 mL 4699 mm 6.373 nU/min 3308 mL/min %B&’Tﬁ’? 185 oin D-Sub connector
3mL 8.585 mm 21.272 nL/min 11.044 mL/min

5mL 11.989 mm 41.485 nlL/min 21.539 mL/min

10 mL 14.427 mm 60.073 nL/min 31.19 mL/min ORDERING INFORMATION

30 mL 21.59 mm 134.533 nL/min 69.852 mL/min 504576 Small Syringe Multi Rack (for six 30-60 mL syringes
50 mL 26.594 mm 204.122 nl/ min  105.985 mL/min . Er ten 50»5 HLQA;) rlrt{L RsyrikﬂgeS)

. . arge Syringe Multi Rac
100 mL 357 mm 367.839 nL/min 190.992 mL/min (for up to four 60-140 mL plastic syringes)
140 mL 38.4 mm 415.623 nL/min 215.803 mL/min 504578 Software Adagio/USB Key
WORLD PRECISION INSTRUMENTS
UK: +44 (0)1462 424700 * wpiuk@wpi-europe.com ¢ WWw.wpi-europe.com Germany: +49 (0)6031 1602171 » wpide@wpi-europe.com * Www.wpi-europe.com

62 Bragzil: (013) 406-29703 * info@brazil.wpiinc.com ¢ www.wpiinc.com China: +86 21 6888 5517 « chinasales@china.wpiinc.com ¢ www.whpiinc.net



Affordable Syringe Pumps

Syringe pumps for high metering precision at low, pulse-free rates

Features

+ Sturdy and reliable
* Extremely simple to set up and use
» Surprisingly affordable.

Benefits

* Automatic dispensing of small volumes

*+ Very precise flow rate control

* Hands-free operation with foot pedal

* Better flow performance with accuracy £0.35%

Applications

* Drug administration

* Chemical applications with slow incorporation of fixed volumes of
fluids

On the SP series syringe pumps, the liquid crystal displays (LCDs)
prompt you through setup:

1. Select syringe from table stored in the pump's memory and

displayed on the LCD.

2. Enter the volume to be dispensed.

3. Enter the flow rate and press Start.
It's fast and simple. Your settings are permanently stored in memory —
there's no need to re-enter them each day. SP pumps feature preset
rate and volume control. Just set the volume you want dispensed.
Volume is tracked continuously on the LCD display. Then, when the
preset volume has been dispensed, the pump shuts off automatically.
The easy-to-read digital display provides real-time readings using both
parameters and values for clearer, mistake-free readings. The SP200
Series pumps offer TTL and RS-232C interfaces and automatic shutoff
under stall conditions.

SP100i Single-Syringe Infusion Pump

This inexpensive single-syringe

infusion pump combines

precision and simplicity with

outstanding ease of use and

durability.

* Holds any size syringe,
10 L to 50 mL

* Automatic volume
control and shutoff

* Simple menu-driven
setup: dispense volume,
dispense flow rate, syringe diameter

+ Last settings stored in permanent memory
+ Continuous dispense volume display

Ce

SP100i

SP120p Two-Syringe Push Pull Pump

A second syringe mount has
been added to the basic
SP100i, with both syringes
activated by a single pusher
block for simultaneous
infusion and withdrawal.

* All the features of SP100i

* Holds two syringes, from
10 uLto 10 mL.

SP120p

WORLD PRECISION INSTRUMENTS
+ Tel: (941) 371-1003 -+

ORDER TOLL-FREE: (866) 606-1974 (U.S. only)

SP210c Continuous Cycle Syringe Pump

The SP210c holds up to
four syringes and can
cycle continuously

back and forth in a
push-pull action. As two
syringes are infusing,
two other syringes are
withdrawing at the

same rate. At the end

of the set volume the
direction is automatically
reversed and the next cycle begins.
With the use of 2-way valves, the
pump can empty and refill syringes for continuous dispensing.

SP210 ¢ - Ce

* Holds four syringes, 10 mL to 60 mL each

SP220i Multi-Syringe Infusion Pump

Ideal for applications requiring multiple syringes, the
SP220i is an adaptation of the SP200i and has
been modified to hold up to 10
syringes.

* All features of SP200i

* Accommodates 10
syringes up to 10 mL &=
or 6 syringes up to 50 Ly o L.

mL or 4 syringes up :
to 140 mL.

SP220i

ORDERING INFORMATION

SP100i Syringe Pump, Infusion (Single) 95-135V

SP100iZ  Syringe Pump, Infusion (Single) 220-240V

SP101i Syringe Pump, Microdialysis (Double, Slow Speed) 95-135V
SP101iZ  Syringe Pump, Microdialysis (Double, Slow Speed) 220-240V
SP120p Syringe Pump, Infusion-Withdrawal (Double) 95-135V
SP120pZ  Syringe Pump, Infusion-Withdrawal (Double) 220-240V
SP200i Syringe Pump, Infusion (Double) 95-135V

SP200iZ  Syringe Pump, Infusion (Double) 220-240V

SP210c Syringe Pump, Infusion-Withdrawal (Continuous) 95-135V
SP210cZ  Syringe Pump, Infusion-Withdrawal (Continuous) 220-240V
SP210iw  Syringe Pump, Infusion & Withdrawal (Double) 95-135V

SP210iwZ Syringe Pump, Infusion & Withdrawal (Double) 220-240V

SP220i Syringe Pump, Infusion (Multiple) 95-135V
SP220iZ  Syringe Pump, Infusion (Multiple) 220-240V
SP230iw  Syringe Pump, Infusion & Withdrawal (Multiple) 95-135V

SP230iwZ Syringe Pump, Infusion & Withdrawal (Multiple) 220-240V

SP250i Syringe Pump, Infusion (Multiple, Mixed Volumes) 95-135V

SP250iZ  Syringe Pump, Infusion (Multiple, Mixed Volumes) 220-240V

SP260p Syringe Pump, I/W (Double) Single Cycle Action, 95-135V

SP260pZ  Syringe Pump, I/W (Double) Single Cycle Action, 220-240V
All 240-volt pumps are CE-approved.

H##H#-A Audible Alarm (add "A” to pump part number)

#i##-P Programmable Ramp Option (SP200 Series)

OPTIONAL ACCESSORIES/REPLACEMENT PARTS

15623 Serial Cable, SP Pump-to-IBM 9-pin “D” Connector
13685 SP Pump-to-Pump “Daisy-Chain” Linking Cable, 7 ft.
13962 Foot Switch for SP200 Series Pumps

www.wpiinc.com

Fax: (941) 377-5428 - E-mail: sales@wpiinc.com 63
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Dual Rate Syringe Pump

Two separate syringe pumps in one instrument

Features

* TTL, USB & RS-232 Communication
» Compatible with a wide variety of syringes
* Large touch screen display allows quick and easy setup

Benefits

* Two separate syringe pumps in one instrument
* High or low-pressure operation
+ Continuous fluid delivery

Applications

+ Continuous injection for long-term toxicology testing

* The injection of dyes, perfumes and flavoring in industrial
applications

* Applications with liquids or viscous materials in micro-
manufacturing

+ Continuous injections of reactants into reactor vessels
* Simultaneous samplings from two sites

Various applications can benefit from the. All three conditions come
with the Gemini 88 Plus. No additional upgrades are required.

The intuitive Gemini 88 Plus graphical user interface controlled with a
large 7" LCD color touch screen display allows quick and easy setup. The
display run screen presents the user with all key dispensing parameters
in real time. Syringe tables containing all major syringe manufacturers
allow simple selection of any compatible syringe size. Audible Alarms,
Adjustable Force and Screen Lock are all features that are available with
a touch of the screen.

The SPLG-G88PLUS Dual Rate Syringe Pump opens whole new
pumping possibilities. Three operating conditions named Independent,
Reciprocating and Twin are available as standard features to satisfy
various applications in life science.

Connectivity & Communication

The Gemini 88 Plus comes standard with USB and RS-232 for PC
communication and RS-485 for pump-to-pump communication.

An entire suite of ASCIl commands is available to control the pump
remotely with a PC. The pump contains a foot switch input and digital
input/output for each independent pumping channel.

Independent Condition

Independent Condition allows the Gemini 88 Plus to operate as two
separate syringe pumps named P1 and P2. Each syringe will operate
independently with different syringe types, sizes, force, or target (volume
or time, mode dependent).

Reciprocating Condition

In Reciprocating Condition, both syringe channels move in opposite
directions at the same rate using the same syringe size and type. When
combined with a valve box, the Reciprocating Condition can provide
the continuous fluidic delivery or a peristaltic pump with the accurate,
pulseless, low flow rates provided by a syringe pump.

Twin Condition

Twin Condition allows both syringes to operate in the same mode using
the exact same syringe type, syringe size, force, target (volume or time)
and flow rate settings. The pump also allows the user to combine both
flows for higher speed and volume infusion applications

ORDERING INFORMATION

SPLG-G88PLUS Dual Rate Syringe Pump

SPLG-G88PLUS

SPLG-G88PLUS SPECIFICTIONS

TYPE

ACCURACY
REPRODUCIBILITY
SYRINGE TYPE

SYRINGE SIZE MINIMUM
SYRINGE SIZE MAXIMUM

FLOW RATE MINIMUM

FLOW RATE MAXIMUM

FLOW RATE DISPLAY

CONNECTORS

AVERAGE LINEAR FORCE

POWER SUPPLY

WEIGHT

DIMENSIONS (L x D x H)
CLASSIFICATION
POLLUTION
INSTALLATION

REGULATORY
CERTIFICATIONS

Microprocessor dual rate infuse/withdraw/con-
tinuous syringe pump

+0.25%

+0.05%

Glass, plastic and stainless steel

0.5 pL (0.103 mm minimum inner diameter)
60 mL (32.573 mm maximum inner diameter)

1.02 pL/min (0.5 pL syringe, 0.103 mm inner
diameter)

106 mL/min (60 mL syringe, 32.573 mm diam-
eter)

7 in. color display with touchscreen
USB - Type B
RS-232 - 9-pin D-Sub connector

RS-485 - [EEE-1394, 6 pos for pump-pump com-
munication

TTL Input/Output - Two 15-pin D-sub connec-
tors, one for reach pump mechanism

Foot switch - Two phonojack inputs, one for each
pump mechanism

70 Ib. (31.75 kg) at 100% force setting up to

a flow rate of 90 mL/min using up to a 60 mL
syringe with a 32.573 mm inner diameter. 50 Ib.
(22.6 kg) at 100% Force Setting for flow rates
90 mL/min to 106 mL/min using the same size
syringe.

Input 100-240 VAC, 50-60 Hz, Output 30 V 1.66A
50 Watt

21 1b.(9.09 kg)

11 x15x81in. (28 x 39 x 21 cm)
Class |

Degree 1

Category Il

CE, ETL (UL & CSA), CB Scheme, EU RoHS, WEEE

WORLD PRECISION INSTRUMENTS

UK: +44 (0)1462 424700  wpiuk@wpi-europe.com * WWw.wpi-europe.com
64 Brazil: (013) 406-29703 * info@brazil.wpiinc.com ¢ www.wpiinc.com

Germany: +49 (0)6031 1602171 » wpide@wpi-europe.com * Www.wpi-europe.com
China: +86 21 6888 5517 « chinasales@china.wpiinc.com ¢ www.whpiinc.net



Programmable Syringe Pump

The best value in syringe pumps on the market!

Features

» Cost-effective

*+ Program sequences without a
computer

* Rich command set
* RS-232 and TTL control

Benefits

* Automatic dispensing of small volumes
* Very precise flow rate control
* Hands-free operation with foot pedal

Applications

* Drug administration

* Chemical applications with slow
incorporation of fixed volumes ‘-74 ’ﬁbb{"1

SdINNd I9NIYAS

offluias ORDERING INFORMATION
) ) ) AL-300 Non-Programmable Syringe Pump, Infuse Only

The Aladdin pump series arguably offers the best VALUE for any syringe AL-1000 Programmable Syringe Pump
pump on the market. AL-1000HP  Programmable Syringe Pump, High Pressure (100 Ib.)
These pumps are available in single, dual, 4, 6, and 8 syringe capacities. AL-1000HP2 Programmable Syringe Pump, High Pressure (200 Ib.)
Although it is one of the most cost-effective pumps available, the Aladdin ~ AL-2000 Two ALT000 Syringe Pumps
pump series boasts a versatility that is unmatched in its price range Includes CBL-Dual-3 Interconnecting Cable for push/pull or continuous
with features typically found only on pumps costing more than twice as pumping. Valves not included.
much. AL-4000 Programmable Multiple (up to 4) Syringe Pump
The Aladdin series provides the capability to both inject and withdraw. AL-6000 Programmable Multiple (up to 6) Syringe Pump
These pumps can be used for manually triggered injections, but also AL-6000H Programmable Multiple (up to 6) Syringe Pump
have the capability to be programmed in multi-step pumping sequences  AL-8000 Programmable Multiple (up to 8) Syringe Pump
without the requirement for a computer. Even so, this series also has Specify line voltage. When ordering 220V models,
both RS-232 and TTL inputs for external control and status feedback specify UK, Euro or Australian line cord.

to a computer, if desired. The pumps can be daisy chained for multi
pump applications involving push/pull protocols or multiple independent ~ OPTIONAL ACCESSORIES/REPLACEMENT PARTS

channels. The performance characteristics are admirable, considering GN-PC7 PC to Pump Cable, 7 ft.

the price. GN-PC25 PC to Pump Cable, 25 ft.

For the budget minded lab looking for a versatile and reliable pump, the ~ GN-NET7 Pump-to-Pump Network Cable, 7 ft.
Aladdin series is an excellent option. GN-NET25  Pump-to-Pump Network Cable, 25 ft.
The Aladdin pump series will accept syringes from Becton Dickinson, GN-TTL Pump-to-Pump Reciprocating Cable

Monoject, Terumo and Air-Tite. ADPT2 Foot Switch

ALADDIN SPECIFICATIONS

AL-300 AL-1000 AL-1000 HP AL-4000 AL-6000 AL-8000
- Plastic syringes up to 60mL and Plastic syringes up to 60 mL o 160 mL, or 0.5°5 pL micro
SYRINGE SIZES Plastic syringes up to 60 mL~ selected glass micro syringes  and selected glass micro Plastic syringes up to 60 mL : Up to 100 mL
from 0.5 to 500 pL. syringes from 0.5 to 500 pL. SyTinges

NUMBER OF SYRINGES 1 1 1 2 (may be different sizes) 6 8
MOTOR TYPE Step Motor, % to % step modes Step Motor, ' to ¥ step modes Step Motor, s to % step modes Step Motor, % to % step modes Step Motor
STEPS PER REVOLUTIONS 400 400 200 200 400 200

. 0.425 ym to 1.7 ym, depending 0.132um to 0.265 pm,
STEPPING (max./min.)  0.21 pm to 0.850 pm 0.21 pm to 0.850 ym on motor speed 0.21 pm to 0.850 pm depending on motor speed
o TODRVESCREW 45,28 15/28 15/28 15/28 15/28 51

SPEED (max./min.) 3.774 cm/min. to 0.004 cm/hr - 5.1 cm/min /0.0042 cm/hr - 18.370 cm/min / 0.008 cm/hr 18.370 cm/min / 0.008 cm/hr 5.1 cm/min /7 0.0042 cm/hr - 3.4917cm/min. / 0.0026¢m/hr.
6120 mL/hr with 60 mL syringe, 6120 mL/hr with 60 mL Syringe, 1609 w1 /hr with 60 mL. syringe 0.454 pl/hr. with a B-D Tec

1257 mL/hr with 60 mL syringe, 1699 mL/hr with 60 mL syringe,

PUMPING RATES ] . . - ©7 10 1.459 pL/hr with 1 mL to 1.459 pL/hr with TmL . . >~ syringe to 1163mL/hr. with a
to 0.73 pL/hr with 1 mL syringe to 0.73 pL/hr with 1 mL syringe syringe yringe t0 0.73 pL/hr with 1 mL syringe BD 60 ccsyringe
MAXIMUM FORCE 35 Ib. at minimum speed, 35 |b. at min. speed, 18 1b. at 100 Ib. at minimum speed, 18 100 Ib. at minimum speed, 15 35 Ib. at min. speed, 18 Ib. at 160 Ibs. at min. speed, 30 Ibs.
18 Ib. at maximum speed maximum speed |b. at maximum speed Ib. at maximum speed max. speed at max. speed
PROGRAM PHASES n/a 41 4 4 4y 4
RS-232 PUMP NETWORK n/a 100 pumps maximum 100 pumps maximum 100 pumps maximum 100 pumps maximum 100 pumps maximum
Unregulated linear external
POWER SUPPLY Wall adapter 12V DC @ 850 mA Wall adapter 12V DC @ 850 mA %{B\éaﬂ(ﬁpter 1/ce %%Iéarggpter 12/oce Wall adapter 12V DC @ 850 mA wall adapter, country and
power source specific
DIVENSIONS 229x146x11.4m 229x146x11.4m 229x14.6x11.4m 229x146x11.4m 229x14.6x11.4m 26x38.1x12.7cm
(8.75x5.75x45in.) (8.75x5.75x4.51n.) (8.75x5.75x45in.) (8.75x5.75x451n.) (8.75x5.75x4.5in.) (10.25x15x5in.)
WEIGHT 1.6 kg 3.61b.) 1.6 kg (3.61b.) 1.6 kg 3.61b.) 1.6 kg 3.61b.) 1.6 kg (3.61b.) 10.125 Ibs. (4.595kg)
WORLD PRECISION INSTRUMENTS www.wpiinc.com
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Microfluidic Pumps
Microfluidic Solenoid Pump

—
/ CX-KIMA

Features

+ Controlled by the iKima™ application for use with the iPod Touch
(included) and iPhone

+ Connects easily to Vena8 Endothelial+ biochip and other
manufacturer’s flow chambers

* Delivers pulses of fresh media to cells seeded inside the
microchannels

* Flow rate: 15-35 mL/hr + 4%

* Dead volume: <300 pL

Benefits

* Fits inside standard CO, incubators, maintaining temperature and
humidity

* Recirculating long-term perfusion pump

* WiFi communication and control via iPod Touch, even with Kima pump
incubated

Applications

* Cell culture under shear stress/flow

* Biofilm studies

+ Cell culture in biochips with adherent cells (HUVECs)
+ Stem cells

* HepG2 cells (human liver cancer cell line)

Kima pump is a microfluidic pump designed to aid cell culture

(e.g., epithelial and endothelial cells) under physiological conditions
(shear flow) in various biochips and flow chambers, including Vena8
Endothelial+ biochips where it is possible to culture eight cell
monolayers simultaneously over 24-48 hours. The solenoid pump
produces a pulsatile flow to mimic the cardiovascular system, delivering
a preset volume of liquid as programmed.

ORDERING INFORMATION

CX-KIMAKIT-IPOD  Kima Kit for Cell Culture/Biofilm Studies
Includes Kima Pump, iPod Touch with Controller, 100 mL
bottle & cap, tubing kit, Vena Endothelial+ biochips (10-pack).

CX-KIMAKIT-PC Kima Kit for Cell Culture/Biofilm Studies
Includes Kima Pump, PC Controller, 100 mL bottle & cap,
tubing kit, Vena Endothelial+ biochips (10-pack).
CX-KIMA-1 Kima Microfluidic Pump with iPod Touch & Controller
CX-KIMA-P Kima Microfluidic Pump with PC Control Software and
Controller
CX-KIMA Kima Microfluidic Pump

Precision Syringe Pump
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CX-EXIGO

Features

* Virtually pulse-free low volume delivery
* Fast response time

* Flow sensor feedback to pump

*+ Touch control

Benefits

*+ Pulse-free flow

* Precise multichannel mixing

* Excellent long-term flow stability
* Rapid flow change (ms range)

* WiFi communication and control via iPad mini or USB communication
with LabVIEW based PC control software

* Use standard tubing for connection to any microfluidic biochip

Applications

Microfluidics and nanofluidics
* Droplet generation and manipulation
* Laminar and multilaminar flow studies
* Cell-based shear flow studies
+ Cell and particle manipulation studies

ExiGo is a precision syringe pump based on the 5-phase stepper motor
drive that has more microsteps per revolution of the lead screw vs.
standard syringe pumps on the market. ExiGo has 250,000 microsteps/
revolution and even at low rotational speed/low flow rates, it has a very
low pulsation and high accuracy. When coupled with the flow sensor and
active PID feedback; this results in very fast response times for changing
flow rates. A standard syringe pump typically has a smaller number

of microsteps and so usually the only way a standard “microfluidic”
pump can achieve pulse-free flow control is to use small syringes; e.g.
0.5 pL; 1 yL; 5 pL; etc, to achieve non-pulsatile stable flow rates in the
nanoliter/minute range. By comparison, the ExiGo pump with the flow
sensor can use a standard 250 pL glass syringe to produce stable non-
pulsatile flow rates of 10nL/min - 1 mL/min; or a 5 mL plastic syringe

to produce stable non-pulsatile flow rates of 100nL/min - 20 mL/min.
ExiGo can be used in conjunction with expandable (flexible) element and
fluidic resistance in order to dampen any pulsation occurring during the
stepper motor operation. As it employs active feedback, the response
time of the pumps still remains fast.

ORDERING INFORMATION

CX-EXIGO-IM-7  Exigo with iPad, Manifold, 7uL/min FS
CX-EXIGO-PM-7  Exigo with LabView, Manifold, 7uL/min FS
CX-EXIGO-I-7 Exigo with iPad, 7uL/min FS
CX-EXIGO-P-7 Exigo with LabView, 7uL/min FS
CX-EXIGO-IM Exigo with iPad, Manifold

CX-EXIGO-PM Exigo with LabView, Manifold
CX-EXIGO-I Exigo with iPad, SmartFlo app
CX-EXIGO-P Exigo with LabView

CX-EXIGO-M Exigo with Manifold, Tubing Kit
CX-EXIGO Exigo with Tubing Kit
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Microfluidic Pumps

Microfluidic Pressure Pump

CX-UNIGO

Features

* Precise flow control with active feedback via plug-and-play flow sensor
(required add-on)

* Flow rate: T yl/min - 1 mL/min; unidirectional (push)

* iPad mini or PC (LabVIEW, Matlab, Python, etc.) control which can
control/program up to four pump modules independently

* External compressor (required)

Benefits

* 2 modes of pumping: manual flow rate set or preprogrammed flow
rate operation

* Preprogrammed mode includes: constant, ramp, step, sine functions

* Side port connections to dock up to four pumps (combination of
UniGo and ExiGo) into one setup

+ Use standard tubing for connection to any microfluidic biochip.

Applications

* Microfluidics where accurate and stable flow rate delivery is required.
The pressure pump component is based on controlled air injection.

The UniGo™ Microfluidic Pump is a precision, microfluidic, single-
channel pressure pump for a variety of microfluidic applications,

where accurate and stable flow rate delivery is required. The pressure
pump component is based on controlled air injection. The UniGo
pump requires a plug-and-play flow sensor for active feedback and
increased flow control. SmartFlo application executed on the iPad Mini
or LabView-based interface communicates with up to four UniGo™
Microfluidic Pumps racked together, allowing simultaneous control

and independent programming of each pump's flow profile. Uniquely,
the UniGo™ may be docked together with the ExiGo™ microfluidic
syringe pump, combining the best features of both instruments in one
microfluidic set-up. Note: it is necessary to purchase a flow sensor with the
UniGo™ pump.

ORDERING INFORMATION

CX-UNIGO-ECI-80 UniGo with iPad, External Compressor, 80 uL/min Flow Sensor

CX-UNIGO-ECP-80 UniGo with LabView, External Compressor, 80 pL/min Flow Sensor

CX-UNIGO-EC-80 UniGoExternal Compressor, 80 uL/min Flow Sensor

CX-UNIGO-I-80  UniGo with iPad, No Compressor, 80 uL/min Flow Sensor

CX-UNIGO-P-80  UniGo with LabView, No Compressor, 80 uL/min Flow Sensor

CX-UNIGO-80 UniGo, No Compressor, 80 pL/min Flow Sensor

Five flow cells are avilable for your Unigo system. Your choice of one flow
sensor is included with your Unigo system. Contact WPI at wpi@wpiinc.
com for more information.

WORLD PRECISION INSTRUMENTS
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Microfluidic syringe pump for shear
flow studies

CX-MIRUS

Features

* Unlimited volume

* Low per-channel cost

* Flow rate: 100nL/min - 10 mL/min + 1%
* Dead volume: ~600 pL

Benefits

* Higher throughput enabling eight assays in parallel
* Flow damper to decrease syringe pump pulses
* PC controlled via VenaFluxAssay software

Applications

* Microfluidic applications
* Single cell analysis

* Microfluidic syringe pump for cell analysis under shear flow in biochips

+ Suitable for cell samples and whole blood samples

Mirus is a precision syringe pump, which uses the combination of an
expandable (flexible) element and fluidic resistance in order to dampen
the pulsation of the syringe pump stepping. The Mirus has a very stable
flow profile. Additionally, Mirus is equipped with 3-way valve allowing
automatic recharging and washout of syringe. Mirus is also provided
with an 8-way flow splitter, allowing multiple executions (eight parallel
experiments) simultaneously.

ORDERING INFORMATION

CX-MIRUS-PRO Microfluidic Syringe Pump
Includes tubing kit, VenaFlux Assay Software PC control

and MultiFlow8

CX-MIRUS Microfluidic Syringe Pump

Includes tubing kit, VenaFlux Assay Software PC control

CX-MIRUS-MULTI8 MultiFlow8 Attachment for Mirus Evo Nanopump

www.wpiinc.com
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Microfluidic Pumps and Accessories

4-channel Microfluidic Pump

Features

* Precise flow control with active feedback via plug-and-play flow sensor
(required add-on)

* Flow rate: 1 yL/min - 1 mL/min; unidirectional (push)

* iPad mini or PC (LabVIEW, Matlab, Python, etc.) control which can
control/program up to four pump modules independently

*+ External compressor (required)

* Working pressure- Max 10 bars/145 psi

Benefits

* Two modes of pumping: manual flow rate set or preprogrammed flow
rate operation

* Preprogrammed mode includes: constant, ramp, step, sine functions

* Side port connections to dock up to four pumps (combination of
UniGo and ExiGo) into one setup

*+ Use standard tubing for connection to any microfluidic biochip

Applications

* Microfluidics where accurate and stable flow rate delivery is required.
The pressure pump component is based on controlled air injection.

4U is a 4-channel compact, precise, economical microfluidic pressure
pump for a variety of microfluidic applications, where accurate and
stable flow rate delivery is required. SmartFlo application executed on
LabView-based interface communicates with the four separate channels
of the 4U pump, allowing simultaneous control and independent
programming of each pump's flow profile. The 4U pump provides you
with the advantage of using four independent flow rates at the same
time.

ORDERING INFORMATION

CX-4UECIPAD-4X80FS 4-channel Microfluidic Pump, External
Compressor, iPad, 80 yL/min flow sensors (4)

CX-4UECPC-4X80FS 4-channel Microfluidic Pump, External

Compressor, PC, 80 yL/min flow sensors (4)

CX-4UNCIPAD-4X80FS 4-channel Microfluidic Pump, iPad, 80 pL/min
Flow Sensors (4)

CX-4UNCPC-4X80FS 4-channel Microfluidic Pump, PC, 80 pL/min

Flow Sensors (4)

CX-EC External Compressor
. g s
: %, *
G~
Vena8
Vena8 Fluoro+ Endothelial VenaT4

ExiGo™ Pump Manifold

Features
* Allows you to direct the fluid to [
three (3) independent ports Q

* Plug and play connection to
the ExiGo™ pump

* Can be programmed
to automatically switch
between fluidic channels
using SmartFlo PC software

Benefits

* Refill syringes automatically
Applications

* Microfluidics and Nanofluidics

+ Droplet generation and manipulation

* Laminar and multilaminar flow studies

* Cell-based shear flow studies

+ Cell and particle manipulation studies

The Manifold is a specialized microfluidic channel selector which allows
the ExiGo pump to direct fluid to one of three microfluidic channels at a

time. Accurate flow switching and low dead volume provide exceptional
performance.

ORDERING INFORMATION

CX-MF ExiGo Pump Manifold

Microfluidic Biochips for a Variety of
Applications

We offer a range of biochips for many applications. All biochips
mimic human capillaries by working in tandem with our different
instrumentation platforms.

Our new DropChips are either hydrophilic or hydrophobic based.
DropChips comes with 5 different channel sizes from 30 pm to 80
pm. Please refer to the chart on page 69 for information on specific
biochips.

ORDERING INFORMATION

Optional Accessories/Replacement Parts

CX-018 Vena8 with Glass Coverslip

CX-023 Biochip-CONN, Biochip SNGL IN
CX-024 Biochip-CONN, Biochip SNGL OUT
CX-027 Tygon Tubing for Biochip Conn

CX-032 Kima-Connect Tubing Set

CX-045 Kima Pump Cell Culture Bottle

CX-067 Flow Sensor Exigo 1 mL/min

CX-073 Dropchip, Hydrophobic, 40 pm x 40 pm
CX-084 MF8-Connect Biochip1 Inlet CBL
CX-087 MULTIFLOWS Nozzles, Standard

(. = = .
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Vena8 Glass Vena Delta Y1 Vena Delta Y2

Cover slip
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DROPCHIP (HYDROPHILIC/HYDROPHOBIC) BIOCHIPS ORDERING INFORMATION (@)

Chip Size (um) 30 x30 40 x 40 50 x 50 60 x 60 70 x 70 80 x 80 L

Junction Width (cm) 0.003 0.004 0.005 0.006 0.007 0.008 E

Height (cm) 0.003 0.004 0.005 0.006 0.007 0.008 —

Length (cm) 2.8 2.8 2.8 2.8 2.8 2.8 O

Substrate Thickness 0.5 05 0.5 05 0.5 0.5 (@)

Hydrophilic (Pack of 2) CX-026 CX-028 CX-029 CX-030 CX-031 CX-033 wn
Hydrophobic (Pack of 2) CX-034 CX-073 CX-035 CX-036 CX-037 CX-038
Hydrophilic (Pack of 5) CX-039 CX-040 CX-041 CX-042 CX-043 CX-044
Hydrophobic (Pack of 5) CX-046 CX-047 CX-048 CX-049 CX-050 CX-051
Hydrophilic (Pack of 10) CX-052 CX-053 CX-054 CX-055 CX-056 CX-057
Hydrophobic (Pack of 10) CX-058 CX-059 CX-060 CX-061 CX-062 CX-063

STANDARD BIOCHIPS ORDERING INFORMATION

Vena8 Vena8 Vena8 Glass

Fluoro+  Endothelial+ VenaT4 Coverslip Vena Delta
Low High Y1 Y2
Flow Flow
Rates Rates
Channel width, b (cm) 0.04 0.08 0.08 0.16 0.08 0.008 0.008
Channel height, h (cm) 0.01 0.012 0.01 0.016 0.008 0.012 0.012
Channel length, L (cm) 2.8 2.8 2.8 2.8 2.8 2.8 2.8
Channel volume (cm?) 0.00112 0.00269 0.00224 0.00717 0.00179 0.00269 0.00269
Channel volume (uL) 1.12 2.69 2.24 7.17 1.79 2.69 2.69
Thickness of bottom substrate (mm) 0.17 0.5 0.17 0.17 0.5 0.5
# of channels / chip 8 8 4 8 8 4 4
# of assays / pack 40/80 40/80 40 80 80 40 40
Pack of 5 CX-002 CX-004
Pack of 10 CX-001 CX-003 CX-005 CX-009 CX-010 CX-007 CX-008
SPECIFICATIONS
Brightfield, phase contrast, immunostaining v v v v v v v
Confocal microscopy Ve v v
Cell types: whole blood (human, animal); PRP; platelets; PBMC;
monocytes; T-cells (primary and cell lines); eosinophils; neutrophils v v v v v v v
etc.
Cell types: adherent cells e.g. endothelial - HUVECs; HMVECs etc,;
HepG2; stem cells; muscle cells etc. ‘/ ‘/ ‘/ ‘/ ‘/ / ‘/
Protein coatings: collagen, fibronectin, fibrinogen, vWF, VCAM, v/ v/ 4 v/ v/ v/ v/

ICAM, selectins, MadCAM etc.

APPLICATIONS

Platelet adhesion, aggregation and thrombi formation; leuko-

cyte rolling, adhesion and migration; thrombosis; immunology / J/ 4
(inflammation); infectious diseases (e.g. malaria); sickle cell disease;

respiratory (asthma and COPD)

Cell adhesion and culture under perfusion / shear flow; leukocyte

cell-cell rolling, adhesion and migration; oncology (melanoma, /
breast cancer etc.); cardiovascular (atherosclerosis, drug eluting

stents); immunology (inflammation); respiratory (asthma and COPD)

Biofilm assays, microbe seeding and culturing; biochips with glass
coverslips (attached / not attached; treated / non-treated); biochips v v
for the attachment of coupons for biofilm studies

Chemotaxis, transmigration and invasion assays; 2D and 3D cell
culture; mimicking tumour microenvironment with gels (ECM gel, v
hydrogel, matrigel, collagen gel)

All biochips are: + Require no Luer lock connections which increase dead volume.
- Disposable plastic; some with glass cover slips. Cellix's biochips have a unique plug and play connection with tubing
* Require no assembly; unlike many standard perfusion chambers / flow connections which are autoclaveable and reusable.

chambers.
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Ergonomic Pipetter Design

Making repetitive procedures more efficient and comfortable

Features

+ Lightweight and comfortable
ergonomic design
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o
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* Easy calibration using
provided tool

* Easy for cleaning and parts REG100
replacement

* CE and 1SO13485 Certified

Benefits
* Less stress on your hand when you are performing repetitive Regal Pipettes use the air displacement method, where displaced
operations air volume by the motion of the piston is equal to the liquid
+ Save money by ordering sets of any 5, 6 or 7 pipetters volume drawn into the pipette. These new pipettes are highly
+ Made from biologically inactive and chemical inert polymers accurate. Within ten complete revolutions of the dial, you can set
. . the minimum and maximum volumes. For ease of use, the dial is
Appllcatlons fixed to the plunger. Since the light plunger action reduces fatigue,

* Routine laboratory use for accurate and affordable pipetting of liquids results are more precise.

and solutions
ORDERING INFORMATION (SINGLES)

Volume Nominal
Range Increment Volume Tolerance Repeatability

Model L L pL % %
0.2 1£12.0 <6.00
REG2 0.2~2 0.01 0.5 15.0 <2.50
2 2.0 <0.70
1 +3.0 <1.50
REG10 1~10 0.1 5 +1.5 <0.60
10 +1.0 <0.40
2 +3.0 <1.50
REG20 2~20 0.1 10 +1.0 <0.50
20 +1.0 <0.30
5 2.0 <1.50
REG50 5~50 0.5 20 +1.2 <0.40
50 1.0 <0.20
10 ~ 10 +2.0 <0.50
REG100 100 1 50 0.8 <0.30
100 +0.8 <0.15
20 ~ 20 2.0 <0.50
REG200 500 1 100 +0.8 <0.30
200 0.8 <0.15
100 ~ 100 1.5 <0.30
REG1000 1000 5 500 +0.8 <0.30
1000 0.8 <0.15
1000~ 1000 +1.0 <0.50
REG5K 5000 50 2000 0.7 <0.25
5000 0.7 <0.15
1000~ 1mL +3.0 <0.30
REG10K 10000 100 5mL 0.7 <0.20
10 mL +0.7 <0.15

ORDERING INFORMATION (SETS)

REGS5 Regal Pipetters (set of any 5) & Stand
REGS6 Regal Pipetters (set of any 6) & Stand
REGS7 Regal Pipetters (set of any 7) & Stand
504591 Stand for Regal Pipetters (holds 8)

\\\““--_
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Universal Pipette Tips

Ultra-clear, certified RNase/DNase-free Small, reliable, durable and accurate

WPI's Universal Pipette Tips are for

use with Regal and most other
pipetters, including Gilson, Oxford
Benchmate, Socorex, and

SealPette.

* Tips 500197 and 500198

fit Regal, Eppendorf, and o

BioHit pipetters.

500192

Same as leading brands—

at about half
the price!

ORDERING INFORMATION

UNIVERSAL FILTER TIPS (STERILE)

Tip Volume For Pipetter

Rack Part No.

0.1-10puL

10 - 200 pL

REG2
REG10
REG20

REG20
REG50
REG100
REG200

960 (10 racks of 96) 500199

960 (10 racks of 96) 500200

ORDERING INFORMATION

UNIVERSAL TIPS

Mini Vacuum Pump

dINNd NNNDVA

801566

Features

* Durable aluminum exterior
* Minimal vibration

* Low noise

* Extremely long life time

Benefits

* Quiet operation
* Compact (18 x 7 x 7cm) unit takes little of your bench space
* Qil free, maintenance free

Applications

* Commonly sold with Muscle Physiology setups

* Excellent accessory for use with WPI's PV830 Pneumatic PicoPump
with vacuum

Ideal for any application requiring a small, reliable pump that provides
vacuum pressure up to 250 mbar

This miniature vacuum pump is durable and accurate. The industrial-
strength aluminum exterior, neoprene diaphragm and neoprene/silicone
valves ensure this pump will stand up to daily use.

MINI VAC SPECIFICATIONS

For
Tip Volume Pipetter Bulk Part No. Rack Part No. POWER SOURCE 230 (50 Hz) 120 (60 Hz)
FREE FLOW 4.0 L/min. 3.0 L/min.
REGZ g0 of 960 AT -100 MBAR 2.0 U/min. 1.5 L/min.
0.1-10pL REG10 1000 500191 (10 racks of 500192 MOTOR TYPE Vibrating
REG20 96) POWER 40 W
MAXIMUM PRESSURE -
REG20 960 MAXIMUM VACUUM 250 mbar
5-200pL S0 B%gogf 500193 (10racksof 500194 PUMP HEAD CONSTRUCTION Aluminum
REG200 96) DIAPHRAGM CR—neoprehe _
VALVES CR-neoprene/FPM (Viton)/Silicone
1000 DIMENSIONS 185 x 72 x 72 mm
1001000 pegrk BaOT 509195  (10racksof 500196  WEIGHT 850 ¢
pL 1000 100)
500 INFORMATION ORDERING
2005000 ek BaBOM 59197+  (10racksof 500198* 801566 Mini Vacuum Pump, 110 V, US power plug
bt 250 50) 801963 Mini Vacuum Pump, 220 V, EURO mains plug
WORLD PRECISION INSTRUMENTS www.wpiinc.com
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Luer Valve Assortment Kit

Build your own liquid flow experiment

Features

* Over 300 assorted parts

* Luer fittings for quick and
easy connect and disconnect

Benefits
* Sold individually or in kits

Applications

* Liquid flow experimental
setups

A useful kit (right) for

building your own liquid flow
experiment. It provides the
means to start, stop, add,
divide and control a flow of
liquid or gas. Included in the
kit are over 300 assorted parts
such as one-way and three-
way stopcocks, manifolds,
Y-connectors, injection sites,
male and female luer caps, check valves, syringe-activated check valves,
slide clamps, roller clamps, and pinch clamps. All (except clamps) have ORDERING INFORMATION
a luer fitting for quick and easy connecting and disconnecting. Includes 14011 Luer Valve Assortment Kit

assorted luer fittings for use with flexible tubing.

The 14011 component parts are also sold individually. See page 220.

Luer-to-Tubing Coupler Assortment Kit
Quick connects in nylon and polypropylene

Features

» Over 250 assorted parts in each kit

* Valves are polycarbonate, and the
valve handles are polyethylene. Do
not autoclave those parts.

Benefits

* Polypropylene parts (504954)
can be autoclaved repeatedly at
121°C/15PSI, 15 min. cycle ; ot 3

* Polypropylene fittings are chemically
inert and resistant to most organic
and inorganic solvents

* Nylon fittings are strong and can be
bonded with adhesive.
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Applications 504954 504955

+ Liquid flow experimental setups

Assemble quick-disconnect luer fittings for use with flexible tubing with
internal diameters of 1/16", 332" and 1/8". A variety of quick-disconnect
connectors can be quickly made for connecting small diameter flexible

tubing; 3-way connections can be made with the use of the 3-way luer
tee; luer plugs, tees, connectors, bulk-head mounts, color coding rings, ORDERING INFORMATION

locking nuts, male and female luers—are all included to enhance the 504954 Luer-to-Tubing Coupler Assortment Kit
versatility of this kit. The kit has over 250 assorted parts and is offered in (Polypropylene)
two different types of materials. Nylon parts are not autoclavable. 504955 Luer-to-Tubing Coupler Assortment Kit (Nylon)
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Electrophysiology

Over 50 years of experience with researchers

From our early beginnings in 1967 working with Yale researchers, electrophysiology
has been at the heart of our business. WPl amplifiers, stimulators and isolators are
designed with quality components so you get a reliable, low-noise signal every time.
Our time-tested designs give you affordable solutions for electrophysiology equipment,
electrodes, data acquisition and accessories for applications like:

‘Intracellular/Extracellular Recording ‘Optogenetics
‘Voltage Clamp for Ussing -Digital Filtering
-Stimulation and Isolation

WORLD PRECISION INSTRUMENTS www.wpiinc.com
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AMPLIFIERS

Bioamplifiers for Electrophysiology

A family of very low noise battery-operated amplifiers

Features

® Battery powered to eliminate line noise
® High pass and low pass filtering

* Single ended or differential operation
* DC/AC amplification

* Variable output positioning

¢ Constructed of high quality —
components to ensure minimal e
intrinsic (shot) noise

e Portable
e Rack mountable

Benefits

® Very low internal noise

¢ Ultra quiet DC power supply — no AC required
® Instrinsic low susceptibility to ground loops

* Small footprint

s Cost effective

e Electrostatic Discharge Protection!

Applications

¢ Amplifying biopotentials from metal electrodes

DAMB80— With low-noise
headstage DAM8OP

® Brain slice field stimulation
® EAG (Electroantennogram)

® ERG (Electroreti
(Electroretinogram) Included with the DAMS8O0 is a Startup Kit containing the following

accessories needed for basic metal electrode electrophysiology

research:
WPI's DAM series amplifiers are well known as a standard of CBL102  (2) Cable, BNC-to-3.5 mm plug, 6 ft (2m)
the industry for amplification of extracellular potentials. These 5469 (2) Adapter, mini-banana to 0.031 socket
battery powered bio-amplifiers are designed with a compact 13388 (2) Adapter, mini-banana to 2mm socket
chassis proﬂ\le that enables you to Ipcate the unit closer to . 3294 Cable, ground clip to wire, 3 ft
the preparation and thereby minimize long lead lengths which -
contribute to noise. Each amplifier is equipped with selectable 2033 an{—banana plug, black
high and low filters, and a position control to offset galvanic 2034 Mini-banana plug, red
potentials which may develop during recording. 2035 (2) Mini-banana plug solderable turrent
DAM series amplifiers can be used as stand-alone units on any EP1 Ag/AgCl pellet (70 mm wire) 1 mm diam x 2.5 mm long
tabletop or use optional clamp-mounting hardware to locate M3301EH (2) Electrode Holder, 14cm
them conveniently within the work area. Alternatively, a pair of 5470 0.031-inch jack on 12-inch wire (package of 4)

amplifiers can be mounted into a standard equipment rack with

a rack mount kit (3484). A variety of hook up accessories are _
available to configure your application. FEATURE COMPARISON

. DAMS50 DAMS0
DAMB80 Overview INPUT MODE AC/DC AC
DAMS0, an AC amplifier only, features a very low noise active INPUT CONFIGURATION differential/single ended differential
headstage probe which can be mounted in micromanipulators GAIN RANGE 100-10K (AC), 10-1K 100-10K (AC)
for up-close cortical recording, for extracellular recording from (DO)
high impedance glass or metal microelectrodes. The unit also HIGH/LOW FILTERS yes ves
provides a gated current for tissue marking. Microelectrode OFFSET POSITION ves ves
holder MEH7W-XX (sold separately) is recommended for glass CONTROL
microelectrodes. The DAM80 is perfect for gated or manual CURRENT GENERATOR No Yes
current generation for histological marking, iontophoresis or cell REMOTE ACTIVE HEADSTAGE NoO Yes
stimulation. It includes a very low noise remote active headstage
that is useful for very high impedance amplification utilizing glass OUTPUT CONNECTION BNC 3.5 mm mini phone
or metal electrodes. STANDARD INPUT unterminated wire mini banana
CONNECTION*
POWER SUPPLY (2) 9V alkaline batteries (2) 9V alkaline batteries

*See optional accessories for additional alternatives
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DAM SERIES SPECIFICATIONS

INPUT IMPEDANCE 10”7 Q
INPUT LEAKAGE CURRENT 50 pA (typical)
MAX. DC DIFFERENTIAL SIGNAL + 2.5V (DAM 50)
GAIN AC: 100x, 1000x, 10000x

DC: 10x, 100x, 1000x (DAM50)
COMMON MODE REJECTION RATIO 100 dB @ 50/60 Hz
INPUT CAPACITANCE 20 pF
AC MODE NOISE 0.4 uV RMS (2 pV p-p) 0.1-100 Hz
AC MODE NOISE 2.6 UV RMS (10 pV p-p) 1 Hz-10 kH
DC MODE NOISE (DAM50) 7.5 pV RMS (30 pV p-p) 3-10 kHz
BANDWIDTH FILTER SETTINGS

AC Mode

AC Mode (DAM80)

DC Mode (DAM50)
OUTPUT CONNECTORS

OUTPUT VOLTAGE SWING
OUTPUT IMPEDANCE
BATTERY TEST
CALIBRATOR SIGNAL
POSITION
CURRENT SOURCE
DAMS8O0: DC Generator
EXTERNAL COMMAND
AC OR DC CURRENT WAVEFORM
BATTERIES
DIMENSIONS
DAMS50
DAMB0
SHIPPING WEIGHT

Low frequency, 0.1, 1, 10, 300 Hz
High frequency, 0.1, 1, 3, 10 kHz
High frequency, 0.1, 1, 3, 10 kHz

BNC on DAM50; 3.5 mm MiniPhone

connector on DAM80
8V

470 Q

Audible tone

10 Hz square wave
Approximately 250 mV

0 to +50 pA, variable

Input Voltage +10 V commands
+50 pA max. amplitude @ 200 KQ
2 x 9V alkaline (included)

8x4x1.75in. (20.3x10.2x 4.4 cm)
7x4x1.75in. (17.8 x10.2 x 4.4 cm)

351b (1.6 kg)
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Electroce Adapier

(Optional 5447
Electrode Adapter)

ORDERING INFORMATION

SYS-DAMS50 Bio-amplifier with shielded electrode cable
SYS-DAMB80 Bio-amplifier with active probe (DAM80P)

OPTIONAL ACCESSORIES/REPLACEMENT PARTS

DAMS80P Replacement Probe

3072 6 Replacement Modular Cables (DAM50)

3517 2 Optional Shielded Modular Cables (DAM50)

CBL102 3.5 mm Phone plug-to-BNC Cable

2851 BNC-to-BNC Cable

2033 Black Insulated Mini-Banana Plug

2034 Red Insulated Mini-Banana Plug

2035 Uninsulated Mini-Banana Plug

3484 Rack Mount Kit (for 1 or 2 DAM preamps)

3485 Ringstand Mounting Kit

5447 Electrode Adapter (DAM50)

5469 Metal Microelectrode Adapter for DAM80
(mini-banana plug to 0.031 in. (0.79 mm) socket)

5489 Adapter for Metal Microelectrode (DAM50)

13388 Adapter, mini-banana plug to 2mm socket

5371 Cable, Low Noise (2 mm pin to 2 mm pin)

3578 Adapter Cable for Ag/AgCl pellets (2 mm pin)

300102 Metal Electrode Extension, 4-in. (2 mm to 0.031 in.)

300647 Shielded Electrode Cable Assembly

MEH7W-XX Microelectrode Holder- 1.0, 1.5 or 2.0 mm OD

See Cables and Connectors, page 96.
See Metal Microelectrodes, page 94.

Optional probe 5489 (non-active) for use with DAM50 also includes micro-
electrode adapter 5469.
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AMPLIFIERS

Which Amplifier is Right for You?

AMPLIFIER COMPARISON CHART

Active

AC/DC Differential Headstage

Amplifier

Stimulation

Battery

Connectors
Powered

Isolated Multi-channel

Intracellular Bioamplifiers
Electro705 DC ¢
Duo773 DC ¢ ¢ ¢

¢ 2 mm pin
2 mm pin

\

Extracellular Bioamplifiers

ISODAMSA DC L4 opt

1SO80 AC L4 ¢ ¢
DAMS50 AC/DC ¢

DAM80 AC ¢ ¢ ¢

Mini Banana or

\/ sl 8-pin DIN
¢ ¢ Mini Banana
¢ RJ-11
¢ Mini Banana

Transducer Amplifiers
BRIDGE8 DC ¢

TBM4M DC ¢

8-pin DIN WP
transducers
8-pin DIN WPI
transducers

4-8

WPI's Low-Noise Amplifiers
Outperform Cheap Imitations

An amplifier is an electronic device that magnifies an
input signal. However, the way an amplifier is designed to
handle noise and bandwidth limitations greatly affects the
quality and sustainability of the final output signal.

Defining Terms
To knowledgeably discuss amplifiers, let's define a few
common terms.

Gain - The gain is the multiplier defining how much the
amplitude of an input signal is increased. A signal with an
x1 gain is not amplified. A x10 gain produces an output
signal ten times greater than the input signal.

Noise - Any unwanted signal fluctuations are called noise.
While noise can also result from external sources, for the
purpose of this discussion, we are primarily concerned
with the noise resulting from the inner workings of the
electronic device, our amplifier. This intrinsic noise is
called shot (or schott) noise.

Signal to Noise Ratio (SNR) - The ratio of the output signal to the
noise of the amplifier is called the signal to noise ratio. The smaller the
shot noise signal in an amplifier in comparison with the output signal,
the easier the desired signal is to discriminate. When engineering an
amplifier, the SNR may be improved by boosting the first stage gain to
yield a larger output signal or by using quality components to minimize
the shot noise level of the amplifier.

Output Range - The output range determines the maximum output
signal that can be generated with the amplifier. It is determined by

the maximum voltage of the power supply. If the amplitude of the

DAM 50

Vi farentind Amplifior

DUTPUT POWER

PRECISION
INSTRUMEMNT

output signal is too large for the output range, part of the signal is cut off
(clipped).

Rail - The upper or lower limit of the amplifier range is called a rail.
Signals that exceed the rail cannot be faithfully reproduced.

DC Offset - DC offsets can appear in biological preparations. This offset
is the amount the output signal is displaced away from a zero reference
point. It is usually a result of the potential difference at the electrode’s
tip.
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How Amplifiers Work
Power Supply Rails Limit the Range

In a perfect world an input signal can be infinitely multiplied by the gain
factor to determine the output signal. For example:

Input Signal Gain Output Signal
2mv X1 2mv
2mv x2 4 mV
2mvVv x10 20mv
2mv x100 200 mV
2mv x10,000 20V

In the real world, the power supply rails limit the possible output range
of the amplifier. For example, a bio-amplifier could have a range of
+5.0V. In order for the output signal to be faithfully reproduced, the
input signal times the gain factor must fall within the voltage window
set by the power rails. Otherwise, the output signal goes off scale, and
the input signal is not faithfully reproduced. This is called “hitting the
rail.”

In our example, a 1.0 pV input signal at an x10° gain would generate
a 1.0V output signal. Since the power supply is rated up to +5.0V, this
output signal is clearly visible. If the input signal in this example is
greater than 5.0 pV, the output signal would be greater than +5.0V.
Since 5.0V is the top of the range that the power supply is capable of
producing, the output signal hits the upper rail and gets cut off. This
amplifier gives a +5.0V DC output signal for all input signals greater
than or equal to 5.0 pV. So, a smaller gain factor should be used to
bring the output signal back into the dynamic output range of the
amplifier.

Noise Limits Amplifier Usability

All electronic devices produce their own internal electronic noise, an
unavoidable signal that can mask the output signal. For example, if

Signal vs. Noise

+5.0V Upper Rail

<« —Signal

Range -<1— Noise

k -5.0V

Lower Rail

The higher the signal to noise ratio, the more
discernible the desired signal.

the input signal is 2mV and the noise is 1 mV, the signal to noise ratio
is two to one (2:1), and the output signal would be undetectable. It is

nearly impossible to discern which part of this output is generated by
noise and which part is the desired signal. (See figure.)

Ideally, the signal to noise ratio should be at least 50 to 1 to produce

a quality output signal. A good signal to noise ratio can be achieved in
one of two ways:

+ Boost the output signal by increasing the gain.
+ Reduce the noise.

While increasing the gain is the simplest solution, too much gain can
impose a limitation on the dynamic range of the amplifier. Reducing
noise is a more complicated solution, but it offers a greater range and
more stability.

Two-Stage Amplifiers

Bio-amplifiers usually involve multiple stages of amplification.

Stage One - The unadulterated signal coming into the amplifier is
unaffected by the intrinsic noise of the amplifier. Then, it runs through
the critical first stage of amplification where the signal is boosted by the
primary gain factor to produce an output signal with the desired signal

WORLD PRECISION INSTRUMENTS

to noise ratio. The intrinsic noise is not amplified in the first stage.
Higher gain factors used in the first stage of amplification can seriously
limit the dynamic range available at output stage. Large stage one gains

also limit the gain factor available in the second stage of amplification.

Stage 2 - The stage one output signal enters the second stage of
amplification where both the signal and the noise from the first

stage are amplified together by the second stage gain factor so that
the signal is large enough to be seen on a chart recorder or data
acquisition system. The second stage amplification is the gain the user
controls. It does not change the signal to noise ratio.

Instead of using high gains in the first stage of amplification, a well
constructed bio-amplifier that uses high quality components, like

WPI's DAM series amplifiers, minimizes the noise in the first stage of
amplification so that the dynamic range is retained throughout the
amplification process. Poorly designed amplifiers simply increase the
gain of the first stage amplification until the desired signal to noise ratio

is reached.

Boost the power rails?

Theoretically, increasing the
voltage rails powering the
amplifier will increase the available
dynamic output range. It would
seem natural to increase the
power supply rails coming into
the amplifier in order to provide
the capability for greater first
stage gains. However, most data
acquisition systems are limited to
a maximum input signal ranging
between £10.0V. Therefore,

it is not practical to increase

the power rails of bio-amplifier
beyond +10.0V. Since the industry
standard limits us to £10.0V
power supply rails, the only way
to improve the signal to noise
ratio is to minimize the shot noise
in the first stage of amplification.
This is why high quality amplifier
components are imperative.

Why a Signal
Flatlines

Regardless of the amplifier used,
biological potentials are often
accompanied by a DC offset,
because the electrodes polarize
over time. The DC offset naturally
increases over time. Since the
poorly constructed amplifier that
utilizes greater first stage gain has
restricted its dynamic range, it has
limited ability to handle this offset.
As the offset continues to increase,
the output signal may eventually
be forced by the offset into the rail
causing the flat line (clipping the
signal). (See Figure.)

The amplifier that minimizes

the noise in the first stage
amplification offers a larger
dynamic output range and handles
a much greater offset value.

WPI's Amplifiers

The purchase of a low-noise

Result of Amplifier Using
Gain to Control Signal to
Noise Ratio

+5.0V

-

Output signal viewable in range

-5.0v

+5.0V

—

5.0V
Offset causes the signal peak to
hit the upper rail

o m

5.0V
Increasing offset renders the
signal useless

As the offset naturally increases
over time, a poorly constructed
amplifier will not be able to
faithfully reproduce the signal.
This offset can also result from
gain drift as temperature rises.

amplifier pays dividends in the end. WPI's amplifiers were engineered
for the bio-medical researcher. While 20-30 pV of noise is common in
bio-amplifiers, WPI's DAM series amplifiers generate 0.4 pV RMS (root
mean squared) at 0.1-100 Hz. (That's equal to 2 pV peak-to-peak.)
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AMPLIFIERS

Isolated Differential Amplifier

Excellent recording performance for extracellular nerve AP

Features

® Battery powered, rechargeable ISO-B0
* High pass and low pass filtering » aiar

® Active remote headstage g [ ]
* AC only amplification N X

® Flectrode impedance test function ;
® Flectrode current generation with polarity select
* Variable output positioning

Benefits

* Ultra quiet DC power supply

* Intrinsic low susceptibility to ground loops . ’ &y

® High signal to noise ratio due to remote head
stage

SOLATED BI ER
* Small footprint
e Stimulation/histological marking current a
Applications

1SO-80

q3

n

B
i
i )
L

o o

* Amplifying bio-potentials using metal
microelectrodes
® Brain slice field potentials

* EAG (Electroantennogram) 1SO-80 SPECIFICATIONS

* ERG (Electroretinogram) INPUT RESISTANCE >10"" Q, Common mode and differential
* Monitor extracellular nerve action potentials INPUT LEAKAGE CURRENT 50 picoamperes, max.
¢ Use for cell marking, stimulation or electrode cleaning AMPLIFICATION %102, x102, x10*
* Invivo cortical recording COMMON MODE REJECTION RATIO 100 dB typ. @ 50/60 Hz
EQUIVALENT NOISE SIGNAL INPUT 0.4 pV rms (0.1-100 Hz)
The 1SO-80 provides low noise AC coupled amplification and offers 2.0 pVrms (1 Hz - 10 kHz)
excellent recording performance for monitoring extracellular nerve FILTER SETTINGS
action potentials in vitro and in living animals. The 1SO-80 is provided Low frequency 5,10, 100, 300 Hz
with a remote headstage (1 m cable) which incorporates an electrode High frequency 100 Hz, 1, 3, 10 kHz

impedance test function and a constant current stimulator. The constant
current stimulator can be used for cell marking, stimulation or electrode
cleaning. Typical applications include measuring EMG, EEG, extracellular

MAX. OUTPUT VOLTAGE SWING +8 volts
ELECTRODE IMPEDANCE RANGE 100 kQ - 10 MQ @ 300 Hz

and action potentials in vitro or in vivo. The 1SO-80 system is DC isolated STIMULATION CURRENT 0 to +20 pA (constant current)
from the subject ground and employs state of the art electro-magnetic MAXIMUM STIMULATION VOLTAGE  +15V

shielding for improved noise rejection. The amplifier employs both high MAXIMUM ELECTRODE VOLTAGE ~ +40V

pass and low pass filtering with gain from 100 to 10,000. The lowest low- DISPLAY 3%-digit LCD

pass setting is 5 Hz and the upper passband is 10 kHz. BATTERY TEST Low battery display

Included with the 1SO-80 is a Startup Kit containing the following POWER (2) 9V Ni-MH batteries & charger, supplied
accessories needed for basic metal electrode electrophysiology research: '
CBL102  Cable, BNC-to-3.5 mm plug, 6 ft (2m) (two) SHIPPING WEIGHT 410(18 kg)
5469 Adapter, mini-banana to 0.031 skt. (two)

13388  Adapter, mini-banana to 2mm skt. (two) ORDERING INFORMATION

3294 Cable, ground clip to wire, 3 ft 1S0-80 Isolated Bioamplifier w/ active probe (ISO80P)
2033 Mini-banana plug, black Specify line voltage
2034 Mini-banana plug, red
2035 Mini-banana plug solderable turrent (two) OPTIONAL ACCESSORIES/REPLACEMENT PARTS
EP1 Ag/AgCl pellet (70 mm wire) 1 mm diam x 2.5 mm long 1SO-80P Replacement ISO-80 Probe
M3301EH Electrode Holder, 14cm (two) CBL102 3.5 mm phone plug-to-BNC cable
5470 0.031-inch jack on 12-inch wire (package o