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1.0 Introduction 
iuvo is a new technology platform with some similarities and also significant differences from the 
standard multiwell plate methods that you are accustomed to using. We have spent many hours 
optimizing the methods for liquid dispensing, assay development and imaging in our own 
laboratory and in collaboration with field testers. Your success with the iuvo Microchannel 5250 
requires close adherence to the methods defined in this protocol, so please read and follow 
them carefully and as always, we invite you to contact BellBrook Labs for personalized help 
should you have any questions.   
 
The iuvo Microchannel 5250 plate uses a microfluidics-based approach to fluid handling that 
eliminates the need for complicated tubing and pumping equipment.  By using the surface 
tension of droplets to passively pump liquid though a channel, simple liquid-handling tools such 
as common hand-held pipettes or automated liquid handlers can be used.  Cells can be loaded 
into a small surface area, and the media changed without the risk of aspirating adherent cells or 
disturbing monolayers. 
 
For general liquid handling and imager optimization guidelines, please see Appendix B.   
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2.0 Evaporation Control 
 
Follow these recommendations to avoid evaporation: 
 

If left unchecked, evaporation can adversely affect experimental results in low volume 
applications, including iuvo microchannel plates.  Certain precautions can help avoid 
evaporation-related problems.   

 
1. Replace lid whenever possible and limit the 

amount of time with the lid removed.  When 
the lid is removed from the plate, 
evaporation is fastest, especially in a laminar 
flow hood and other situations with 
increased air currents.  Our results with 
MCF10A cells indicate that the guidelines in 
the following chart will yield satisfactory 
results.  Different cell types may have 
different sensitivities to media evaporation. 

 

Plating environment  
(Filled channel with 6 µL 
drop on the output port.) 

Maximum time 
with lid open 
(minutes) 

Biological safety cabinet, 
laminar flow on 7 

Biological safety cabinet, 
laminar flow off 18 

Biological safety cabinet, 
laminar flow on, MC5250 
resting on bag of ice water 

9 
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2. Always incubate plates in a humidified chamber.  A simple water pan in the 
bottom of the incubator is not sufficient.  We recommend placing iuvo in a secondary 
container with lid that allows for gas exchange, with towels saturated with sterile 
phosphate-buffered saline surrounding the inside perimeter of the dish.  We normally 
use bioassay dishes (Corning # 431111).   

3. Always have a full complement of liquid (6 µL) in every channel across the entire 
plate.  For partial plate experiments, we recommend spotting PBS in place of media in 
all channels that are not being used. 

4. Since the time it takes to plate the experiment should be minimized, automated liquid 
handlers are strongly recommended.  In the case that robotics are unavailable, the 
use of a repeating electronic pipette is recommended.  We have had good results 
using single channel electronic pipettes from Matrix (Thermo Fisher Scientific) with 
volume ranges (1–30 µL, 2–125 µL, 5–200 µL). 

 
Figure 1.  Humidified Bioassay Dish.  To minimize 
evaporation, the humidified bioassay dish should be used 
at all times when working with iuvo Microchannel 5250.  
Paper towels wetted with PBS are folded and placed 
around the perimeter of the dish to keep the interior humid. 
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3.0 iuvo Microchannel 5250 Plate Measurements 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2:  Channel Dimensions.  Units are in mm except where noted.  The height of each 
channel is 140 µm.  The volume of the channel is ~750 nL.   
 

 

Output port 
 

Input port 



 
 

 

6 
 

  
 
 

 
 
 

 
 
 
 
Figure 3. Dimensions of the iuvo Microchannel 5250 plate in millimeters.  3A: The plate 
contains 192 microchannels arranged in 12 columns and 16 rows.  3B: Cross sectional side 
view of the plate.  Refractive index of the COP plate material is 1.53.   
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4.0 2D Cell Culture 
 
4.1 Initial Channel Filling 
 
1. Working in a sterile environment, place a 6 µL droplet of sterile PBS on each outport (the 

larger of the two ports) of all channels that will not be used for your experiment (figure 4A).   
2. For every channel that will be used in the experiment, place a 6 µL droplet of growth media 

on the output port.  Fluid will spontaneously wick into the channel (figure 4B). 

 
Figure 4. Initial channel filling.  4A: Add PBS to channel output ports not being used in the 
experiment.  4B: Add growth medium to channel output ports that will be used in the experiment. 
 
4.2 Cell Seeding in 2D by Passive Pumping 
 
1. Determine the final density of cell suspension you wish 

to use.  The ratio of the channel’s volume to surface 
area = 0.14 mm (channel height).  If, for example, you 
want to distribute cells at a seeding density of 
140 cells/mm2, dividing by 0.14 mm yields 
1000 cells/mm3 = 1000 cells/µL.   

2. Harvest cells according to the normal culture methods 
for the cell line you are using, and resuspend in 
complete growth media.                

3. Place a 1.2 µL droplet of cells in media on each input port (the smaller of the two ports).  
Expel the droplet out of the pipette tip and then lower it, and touch-off on the input port.  
Alternatively, position the pipette tip just above the input port and then expel the droplet of 
cells.  A reduction in the input droplet should be apparent within a few seconds, indicating 
that passive pumping has occurred.  Emphasis should be placed on accurately positioning 
the droplet directly on the port.  If media is allowed to wet the surface of the region 
surrounding the port, passive pumping will be less efficient.  Holding the pipettor 
perpendicular to the surface of the plate works well.   

Figure 5. Adding cells to input port. 

A B 
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5.0 3D Cell Culture in Collagen or Laminin-rich Matrices 
See Appendix A for details regarding neutralization and gelation of Type I Collagen in 3D. 
1. Starting with a dry plate chilled prior to use, wick fill any channels that will not be used in 

your experiment with PBS, as described previously.   
2. Resuspend pelleted cells in your desired matrix at approximately 1000–2000 cells/µL, 

keeping matrix chilled throughout. 
3. If using automated liquid handlers, transfer cell suspension to a chilled source plate. 
4. Place the iuvo plate on a chilled surface.  If a chilling block is not available, a bag filled with 

ice water works well. 
5. Add matrix/cell suspension to the output port, close to the opening of the channel (see figure 

6 below).  This will help the solution wick in.  We recommend trying 2.5 µL to start, but you 
can try smaller volumes if you feel you can reliably pipette them.  Tapping the plate gently 
with the pipette tip can help deliver the solution to the channel. 

 
 

 

6. Place the iuvo plate into a humidified bioassay dish immediately after plating. 
7. Place at 37°C. 
8. Flip the dish containing the plate every minute for 15 minutes.  As the plate warms, the 

matrix will gel and the cells will be trapped in suspension.  Allowing the plate to sit on one 
side for too long will allow cells to settle to the floor or ceiling of the channel. 

9. Allow matrix to fully gel for an additional 30 minutes. 
10. Add 6 µL of growth media to the output port. 

Add matrix/cell suspension here Input port 

Output port 

Figure 6.  Microchannel 3D matrix addition location. 
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6.0 Media Changes and Compound Treatment 
 
6.1  Media changes in 2D or in 3D collagen matrix 
Depending on your particular assay, your cells may require more or less frequent media 
exchanges.  For most cells in monolayer between 10% and 90% confluence, media changes 
every two days has worked well.  For higher densities and/or more metabolically active cells, it 
may be necessary to change media daily, or even more frequently. 
Collagen matrices are porous and therefore allow flow through the channel similar to 2D culture.  
However, flow is somewhat restricted so more time should be allowed for flow of droplets from 
one end to the other. 
1. Remove the output drop with a pipettor.  The tip can be placed on the shelf of the output 

port, but not in contact with the channel itself. 
a. Alternatively, an aspirator connected to a small pipette tip will work, but caution must be 

used to avoid aspirating the channel contents.  The tip should be placed close enough to 
the droplet edge for aspiration to occur without touching the ports.     

2. Dispense a 1.2 µL droplet of fresh growth media on the input port and allow to passively 
pump into the channel.  Collagen matrices are porous and will allow media to slowly seep 
through the gel. 

3. Replace the output drop with 5 µL fresh media.  
 

6.2  Media changes in 3D laminin-rich matrices (ie, Matrigel) 
Laminin-rich matrices are less permeable than collagen.  While growth factors and nutrients can 
diffuse into laminin-rich matrices, passive pumping is not functional and thus media changes 
cannot be done as described above.  Instead: 
 
1. Aspirate droplet from output port. 
2. Replace the output drop with 5 µL fresh media. 
3. Add 1 µL of fresh media to the input port. 
4. For subsequent media changes, remove the droplet from both the input and output ports. 

 
6.3 Drug treatment and compound addition 
1. A 1X solution of compound in media can be used in a fluid replacement as described for 

media changes. This method should not be used if cells have not yet adhered to the bottom 
of the channel.  In the case of matrices, do not perform this method until your matrix has 
completely gelled. 

2. Use a 1x solution of compound in culture media for subsequent media changes. 
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7.0 Immunocytochemistry Protocols 
 
With respect to reagent concentration and incubation times, we find that standard 
immunocytochemistry protocols that work well in multiwell plates also work well in the iuvo 
Microchannel 5250 plate.   

1a. For 2D assays: All reagent replacements (except for permeabilization – see 1b) are done 
      by the following method:  

(i) Remove the droplet from output port.   
(ii) Place two sequential 2 µL droplets of the next reagent to the input port, 

allowing droplet to pump through the channel between dispenses.  
1b. For 2D permeabilization where Triton X-100 is used (or if using alcohol to fix and 
      permeabilize): 

(i) Remove the droplet from output port  
(ii) Add 1 μL to the input port.   
(iii) Add 3 μL of Triton X-100 to the output port  

2a. 3D Collagen assays: All reagent replacements (except for permeabilization – see 2b) are 
      done by the following method: 

(i) Remove droplet from output port.   
(ii) Add two sequential 1 μL droplets of the new reagent to the input port, 

allowing time for the reagent to seep through the porous collagen matrix 
(~1–2 minutes).   

(iii)  Add a 3 μL droplet of the reagent to the output port.  
2b. For 3D permeabilization step where Triton X-100 is used (or if using alcohol to fix and 
      permeabilize): 

(i) Remove droplet from output port. 
(ii) Add 1 μL to the input port. 
(iii) Add 3 μL of Triton X-100 to the output port. 

3. 3D lrECM: At this time, there are no adequate methods for staining cells embedded in 
lrECM.  If fluorescence is required for tracking these cells, they should be pre-labelled 
with a non-toxic cellular dye or have endogenous expression of a fluorescent marker. 

4. When processing large number of channels without automation, it is possible to decrease 
pipetting time by starting a series of washes by submerging the tray in wash buffer.  Pour 
out excess buffer, shake the plate dry, and carefully aspirating any remaining droplets.  

5. Mounting media can be easily applied to channels by first allowing the channels to 
completely dry.  Once they have dried, add 2 µL mounting media to the outport and allow 
wicking into the channel.  We have successfully used 100 mM Tris-HCl (pH 8.5) in 90% 
glycerol, and also Prolong Gold Antifade from Invitrogen Corp.  Unlike glycerol mounting 
media, Prolong Gold Antifade requires an overnight incubation before samples are 
suitable for viewing.  
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8.0 Troubleshooting and FAQs 
 

1. Liquid is wicking up the tips and not being delivered to the channel. 
a. Minimize tip wetting when aspirating from the source.  Assay medium components, 

such as serum, can cause a protein coat on the tip if submerged too low, creating a 
wicking effect up the tip when liquid is dispensed to the channel. 

b. Set the dispense height so that the tips lightly tap the plate, but not so close that they 
become pinned.  Slowly retract the tips as you dispense; the liquid should move into 
the channel. 
 

2. I’m getting variability between channels. 
a. Optimize cell delivery 

i. Make sure cells are well mixed and in a single cell suspension before adding to 
iuvo. 

ii. If you are using automation, modify droplet delivery volume to accommodate 
varied cell seeding.  For example, if using a 96 channel dispenser, you may 
notice that the odd rows of channels have a different cell number compared to 
the even rows; if this is the case, adjust the first dispensed volume to 
accommodate the difference. 

iii. Ensure your liquid handler is delivering an accurate cell number by verifying 
cell delivery into a multiwell plate, and include a manually dispensed control for 
comparison. 

b. Ensure dispense and aspirate positions are optimized.  See Section 8.0 Appendix B: 
Instrument Integration Guidelines. 

c. Control evaporation.  See section 2.0 Evaporation Control. 
 

3. How can I get rid of the bioassay dish? 
a. The exposed droplets in the channel are more sensitive to evaporation compared to 

liquid in a well.  Therefore, evaporation needs to be tightly controlled and the use of a 
secondary humidified container is required.  See section 2.0 Evaporation Control 
section for details.  We have only performed assays under the conditions outlined in 
this technical manual, using a bioassay dish. 
 

4. What precautions should I take to prevent contamination? 
a. Use a similar aseptic technique that you would when working with assays in a 

microtiter plate: open the plate inside of a sterile environment, only remove the lid 
within a sterile environment, and use fresh and sterile tips for every liquid transfer in a 
protected environment. 

b. We recommend using antibiotics (Penicillin & Streptomycin) and antifungals 
(Amphotericin B) to prevent contamination in the growth media, especially if multi-day 
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experiments are planned. 
 

5. How do I distinguish between different cell types grown within the channel? 
a. A common nuclear stain, like DAPI, can be used as long as there are morphological 

differences (such as size) between the nuclei of each cell type. 
b. Standard immunocytochemistry staining can be used to differentiate cell types based 

on surface marker expression.  See section 6.0 Immunocytochemistry Protocols. 
 

6. When performing immunocytochemistry, liquid pools on the surface of the plate. 
a. Some reagents commonly used for ICC, such as alcohol (to fix and permeabilize) or 

detergent (to permeabilize), have a low surface tension, causing droplets to spread 
when added to the channel.  We suggest modifying the droplet size of these reagents, 
as well as the addition protocol.  See section 6.0 Immunocytochemistry Protocols, and 
follow the Permeabilization Step protocol when working with these reagents. 
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9.0 Appendix A:  Working with 3D Type I Collagen 
About collagen pre-incubation in an ice bath: 
Type I collagen is typically provided in an acidic solution which needs to be neutralized in order 
for gelation to occur.  After neutralizing collagen, incubating in an ice bath increases the 
thickness of the collagen fibers that form.  Certain primary cells have been shown to be 
adversely affected by collagen fibers that are too thin.  If left too long collagen begins to fall out 
of solution and hangs together in clumps.  When working with 1 mg/mL collagen we typically 
pre-incubate the collagen in an ice bath for 20–32 minutes, before warming to 37°C.  Incubating 
1 mg/mL collagen for longer than 45 minutes results in a very loose gel.  Therefore, we 
recommend optimizing collagen density and gelation timing for your particular application. 
 

   
35 min    70 min    105 min 

Figure 7.  Fiber thickness in neutralized 1 mg/mL type I collagen is time dependent. 
 
 
Materials: 

• 1N NaOH 
• Type I Collagen – Stock Concentration between 8 and 12 mg/ml, BD cat #354249 
• Growth Media (or Water and 10x PBS) 

 
Method: 

1. Combine in this order: diH2O, 10x PBS, 1N NaOH, Collagen I.  We use the “Alternate 
Gelation Procedure” from BD’s product specification sheet, http://tinyurl.com/BDColl 

2. For plating cells in 3D, see section 5.0 3D Cell Culture in Collagen or Laminin-rich 
Matrices. 

 

 
 
 
 
 
 

http://tinyurl.com/BDColl
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10.0 Appendix B:  Instrument Integration Guidelines 
 
Liquid Handling Guidelines 
 
Evaporation control 
Working with the Microchannel 5250 requires dispensing of low-volume droplets that are more 
sensitive to evaporation than assays in a well format.  Follow the instructions in section 2.0 for 
Evaporation Control.  
 
Minimum liquid handler specifications required for working with iuvo Microchannel 5250  
 
• Ability to dispense 1–6 µL with a % CV ≤ 10% 
• Ability to aspirate droplets from the surface of the plate 
• Capable of flow rates as low as 1 µL/sec 
• Tip alignment in X, Y, and Z directions 
• Level pipetting head relative to instrument deck with no visibly detectable variance across 

the ends of the tips.  We recommend the use of a reliably flat surface to assess this. 
• 96-channel head (384-channel head can be used, but every other column of tips must be 

removed) 
• Secure labware holders with minimal play when iuvo is inserted 
 
Tip positioning and height configuration for automated liquid handling 
 
A 96-channel liquid handler is recommended for the iuvo Microchannel 5250 plate.  A 384-
channel dispenser can be used, but tips need to be removed from every other column for the 
dispensing as all 384 microchannel ports cannot be addressed at the same time.   
 
Tip positioning 
 
Refer to Figure 8 below for channel dispense and aspirate locations. 
 
1. A generic 384 plate definition can be used as a base for creating a labware definition for 

iuvo.   
2. XY positioning for dispense.  Align the tips at the center of both the input and the output 

ports.  Some modifications to the XY well offset within the labware definition may be needed 
in order to achieve this with your particular instrumentation configuration. 

a. The output port center is offset 0.75 mm (0.075 cm) from standard 4.5 mm spacing.  
As such, an x- axis move is needed to address the center of the output port. 

b. The input port is on standard 384-well 4.5 mm spacing. 
3. XY positioning for aspiration.  A Y-axis move to the shelf of the output port is 

recommended for aspiration from the port such that contents are not removed. 
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a. Perform a Y- axis move of 0.5 mm from the x-axis dispense position, configured 
previously. 

 
 

Figure 8.  Aspirate and dispense locations. 
 
Height configuration 
 
1. For dispensing:  Lower the tips to the dispense locations at both the input and output ports 

such that they tap the plate gently.  The first round of optimization testing will use this height 
for dispensing and aspirating to the channel, but adjustments may be needed. 

2. For aspiration:  Use the same height as used for the dispense, making sure to include the 
0.5 mm offset to avoid aspirating channel contents. 

 
Dispensing and aspiration techniques 
 
1. We recommend dispense and aspiration steps be conducted at a flow rate of 1 µL per 

second. 
2. For aspiration, we recommend setting the aspiration volume such that it pulls an air gap after 

aspirating the droplet.  Achieve this by setting the volume higher than the volume of the 
droplet, as high as 9 µL. The higher volume should be enough to dry the shelf but keep liquid 
in the channel.  Adjust the height accordingly if channel contents are removed. 

 
General liquid handling protocols 
 
1. Cell seeding:  Dispense 6 µL of medium to the output port.  Dispense 1.2 µL of cell 

suspension to the input port. 

Channel 

Input port 

Shelf of the output port 

Output port 

A 

D 

Aspirate Position 

Dispense Position D 
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2. Medium change (or compound addition):  Dispense 1.2 µL of fresh assay medium (with or 
without test compound) to the input port.  Remove the medium droplet at the output port.  
Dispense 6 µL of fresh assay medium  (with or without test compound) to the output port.  

3. Immunocytochemistry:  Remove droplet from output port.  Place two sequential 2 µL 
droplets of the next reagent to the input port, allowing droplet to pump through the channel 
between dispenses. For permeabilization where Triton X -100 is used, remove droplet from 
output port and add 3 μL of Triton X-100 to the output port.   

 
Evaluating Liquid Handling Success 
 
1. Test the tip positioning and height configuration with water.  100 % droplet dispensing and 

removal must be achieved, without removal of the channel contents.  See Figures 9 and 10.  
Adjust tip positioning and height configuration accordingly if it is not.   

a. The plate can be re-used for subsequent liquid handling testing by aspirating channel 
contents.  Ensure the channels are dry before re-testing.  

2. Important!  When water can be successfully pipetted to, and removed from, every channel, 
re-test the dispensing and aspiration with serum-containing medium.  100 % droplet 
dispensing and removal must be achieved.  The plate can be re-used for subsequent liquid 
handling optimization (if needed).  Follow the plate re-use protocol in Appendix A when 
working with serum-containing solutions. 

a. Serum can impact droplet dispense to the plate.  Minimize tip wetting in the source 
plate to prevent protein coating on the outside of the tip which will promote wicking.  If 
needed, lower the dispense height to help promote dispense. 

  
Figure 9.  The Microchannel 5250 after 
adding 5 μL of liquid to output ports.   
 

Figure 10. The Microchannel 5250 after 
removal of droplets from output ports. 
 

Imaging the Microchannel 5250 
 
Minimum imager specifications required for working with iuvo Microchannel 5250  
• High Content Analysis instrument, such as a plate scanner or automated microscope 
• Ability to capture a region of interest that spans all or a portion of the channel (depending on 

the application) 
• Precise plate positioning within instrument (no rotation of plate) 



 
 

 

17 
 

 
For microscope-based systems, the following apply: 
• Minimum of 4X objective with fluorescence or phase contrast capabilities 
• Ability to move the stage in X and Y directions with accuracy within 50 µm 
• A Z-motor with autofocus capability 
• Ability to stitch images (if higher powered objective is used) 
 
Data Analysis Capabilities (all platforms): 
• Ability to automatically identify cells and possibly record X and Y positions (depending on the 

application and desired data output) 
 
General imaging guidelines 
 
1. Depending on the application, there may 

be different areas of the channel that you 
will need to image.  For example, a 3D 
invasion assay would require imaging of 
the channel portion as shown in Figure 
11. 

2. When first starting to work with the 
Microchannel 5250 on your imaging 
platform, fluorescent beads or 
fluorescently labeled cells can be added 
to an empty channel to help visualize the 
channel boundaries and test focusing.  
Allowing cells or beads to settle for 10 
minutes before imaging will allow you to 
find the bottom of the channel. 

3. Imaging the channel can be challenging if the droplet at the output port extends over part of 
the channel.  If this happens, we suggest aspirating all or part of the output port droplet 
before imaging until liquid is no longer covering the channel.   

 
Plate Washing Protocol  
 
This protocol allows you to wash and re-use a plate when optimizing liquid dispensing.  We do 
not advise re-using plates once they have been used for an assay. 
 
1. Using a Kimwipe wet with a dilute solution of Triton X-100 (0.5% in PBS), wipe down the 

surface of the plate.  The Triton will help remove any proteins stuck to the surface of the 
plate. 

2. Hold the plate and run it under a fine stream of deionized water such that the water washes 
out the contents of the channel or any bubbles that may have been introduced into the 

Output port 

Region of Interest 
3 mm x 1.2 mm 

3 mm 

1.2 mm 

Figure 11.  Region of interest. 
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channels.  It is easiest to do this by running the water into the cell addition ports while 
holding the plate at an angle. 

3. Droplets of water should now bead on the ports as expected.  If they do not, repeat steps 1-2 
again. 

4. Using an aspirator, remove all water from within the channels.  It is easiest to do this by 
sticking a pipette tip on the end of the aspirator and placing it into the output port of the plate. 

5. With a dry Kimwipe, gently remove any remaining water on the surface of the plate. 
 
User Notification 
This product is the subject of U.S. Patent No. 7,189,580, U.S. Patent Applications No. 11/124936, 
11/684949 and foreign equivalents licensed to BellBrook Labs.  The purchase of this product conveys to 
the buyer the non-transferable right to use the purchased amount of the product and components of the 
product in research conducted by the buyer (whether the buyer is an academic or for-profit entity). The 
buyer cannot sell or otherwise transfer (a) this product (b) its components or (c) materials made using 
this product or its components to a third party or otherwise use this product or its components or 
materials made using this product or its components for Commercial Purposes. The buyer may transfer 
information or materials made through the use of this product to a scientific collaborator, provided that 
such transfer is not for any Commercial Purpose, and that such collaborator agrees in writing (a) to not 
transfer such materials to any third party, and (b) to use such transferred materials and/or information 
solely for research and not for Commercial Purposes. Commercial Purposes means any activity by a 
party for consideration and may include, but is not limited to: (1) use of the product or its components in 
manufacturing; (2) use of the product or its components to provide a service, information, or data; (3) use 
of the product or its components for therapeutic, diagnostic or prophylactic purposes; or (4) resale of the 
product or its components, whether or not such product or its components are resold for use in research. 
BellBrook Labs LLC will not assert a claim against the buyer of infringement of the above patents based 
upon the manufacture, use, or sale of a therapeutic, clinical diagnostic, vaccine or prophylactic product 
developed in research by the buyer in which this product or its components was employed, provided that 
neither this product nor any of its components was used in the manufacture of such product. If the 
purchaser is not willing to accept the limitations of this limited use statement, BellBrook Labs LLC is 
willing to accept return of the product with a full refund. For information on purchasing a license to this 
product for purposes other than research, contact Licensing Department, BellBrook Labs LLC, 5500 
Nobel Drive, Suite 230, Madison, Wisconsin 53711. Phone (608)443-2400. Fax (608)441-2967.  
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