
 

 
 

 

 
 

Simplifies C. elegans imaging for quantitative phenotyping 
using a proprietary microfluidic trapping geometry. 
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Complete setup with the vivoCube and the vivoChip 

 

 
 

Components 

1. Air Pump 
2. Air Input Tubing 
3. vivoCube 
4. Air Output Tubing 
5. Buffer Bottle 

6. Buffer Tubing 
7. Fluid Connection (Luer stub & one-way Stopcock) 
8. vivoChip-2x Input Tubing 
9. vivoChip-2x 
10. vivoChip-2x Exit Tubing 

 

Electrical specifications: 
vivoCube: 110-240 Volt, 50-60 Hz, 1.0 Amp 
Pump: 120 Volt, 60 Hz, 1.01 Amp 
 

Limited warranty: 
Contact Newormics for limited warranty coverage and price for the vivoCube. 
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Package contents 

The vivoCube platform contains the following items: 

Ø Air Pump with Air Input Tubing 

 

 
Ø vivoCube  

 

Ø Buffer Bottle connected with Air Output 
Tubing and Buffer Tubing 

        

 
Ø vivoChip-2x set 

        

 
Ø Starter kit 

 

  

a) Worm filter 
b) Syringe 
c) Liquid filter 
d) Additional vivoChip tubing and metal plug 
e) Pliers 
f) Spare luer lock and connector (not pictured)  
g) Upright microscope adaptor (not pictured)  
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System compatibility with 110-240V electrical supplies  

The vivoCube is compatible with 110-240 Volt, 50-60 Hz electrical supplies. For countries with 240V electricity, 
it will be supplied with a 240V rated European style CEE7 or UK power cord, plus any electrical socket adaptor 
necessary for your local electrical sockets. 

Caution: The air pump is only compatible with 120 Volt, 60 Hz electrical supplies. For countries using 240V, 
please plug the pump in using the included voltage converter/socket adapter (set to output 120V) in order to 
avoid damage to the pump.  

 

System installation 

Step 1: Connect air input tubing to air pump and AIR IN port of the vivoCube 

 
Caution: Setup the air pump on the floor to reduce vibration during imaging. The vivoCube has inbuilt surge 
protection against current spikes which will trip the circuit breaker. In this case, please contact Newormics. 

Step 2: Connect the buffer bottle air and buffer tubes  
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1. Connect the buffer tubing (short tubing with stopcock from Bottle Kit) to the bottle cap port above the 
plastic buffer intake tube inside the bottle (above picture, right-hand side) by screwing the black connector 
into the white plastic port on the bottle cap. 	

2. Connect the air output tubing (long tubing from Bottle Kit) to the other open bottle cap port (above 
picture, left-hand side) by screwing the black connector into the white plastic port on the bottle cap. 	

3. Ensure the blue bottle cap and black screw connectors are tightened firmly to be airtight, but take care not 
to bend the plastic barbs on these connectors 	

4. Connect the air output tubing to the AIR OUT port on the back of the vivoCube by pushing in firmly. 	

 

Step 3: Connect the vivoChip-2x 

 

1. Connect the luer stub (green) of the input tubing to the one-way stopcock and the metal coupler to the 
vivoChip-2x inlet (the hole away from the writing embedded in the chip). 

2. Connect the metal coupler (see Tip #1 for detailed instructions) of the exit tubing to the vivoChip-2x outlet 
(the one close to the embedded writing). 

 

Testing fluidic connections of the vivoChip 

After the installation, test the fluidic connections between the vivoChip-2x, the buffer bottle, and the 
vivoCube to verify a leak-free performance with the following steps:  

1. Unscrew the cap of the buffer bottle and fill it up with filtered M9. Screw the cap on the buffer bottle. 
2. Rotate the handle of the one-way stopcock to the OPEN position. 
3. Place the end of the exit tubing over a waste container. 
4. Plug in the pump and switch on the vivoCube. 
5. Press in the Manual button on the vivoCube (it will glow green). Wait for the buffer to flow through the 

exit tubing. 
6. As soon as the buffer flows through the exit tubing, stop the flow as follows: 

o Rotate the handle of the one-way stopcock to the closed position. 
o Press the Manual button again (it will stop glowing). 
o Your vivoCube system is now ready to use. 

Important: Filter M9 buffer before using in the microfluidic device to avoid any clogging of the channels using 
1.2 µm syringe filter provided in the kit pack.  

Caution: Place the exit tubing over a waste container to avoid liquid spill on the imaging setup during pressure 
cycles. Do not spill liquid on the vivoCube unit. Screw the buffer bottle cap tightly to avoid pressure leakage. 
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 How to use the vivoChip-2x for high-resolution imaging of C. elegans  

A. Prepare C. elegans – larval 4 (L4) to young adult (YA) 
(For day 1 to day 5 adult stage worms, follow the protocol given in Tip #3) 

1. Grow a batch of age-synchronized C. elegans following hypochlorite bleaching protocol given in Tip #5. 
2. Wash the NGM plate with age-synchronized larval 4 (L4) up to young adult (YA) stage C. elegans using 1-

2 mL of filtered M9. 
3. Tilt the NGM plate and aspirate the M9 buffer containing up to 100 C. elegans using a glass pipette. 
4. Gently drip the M9 containing C. elegans into a 1.5 mL tube. Allow the worms to settle for 5 minutes.  
5. Optional: Aspirate the supernatant to leave the worms in a 20-50 µL M9 solution. 

 

B. Load C. elegans into the vivoChip-2x 
1. Install and test the fluidics connections of the vivoChip and vivoCube (See page 5). 
2. Fill the 5 mL syringe with 2-3 mL filtered M9. 
3. Unscrew the luer stub of the input tubing and connect to the luer lock tip of the 5 mL syringe. 
4. Remove the metal coupler of the input tubing from the vivoChip-2x inlet. 

Caution: Prior to coupler removal, read Tip #1 for details about the process 

5. Dip the metal coupler down to the bottom of the 1.5 mL tube containing the C. elegans. 
6. Gently and slowly pull the plunger of the syringe to aspirate the C. elegans through the metal coupler.  

Caution: Squeeze the syringe to remove any bubbles that might have entered the metal coupler before 
dipping it into the tube containing the C. elegans solution. Keep the coupler at the bottom of the 1.5 mL 
tube always. Aspirate just enough liquid to pull the worm pellet from the bottom of the 1.5 mL tube. Pull 
the syringe plunger slowly to aspirate the worms using a small volume of M9 to avoid worms from entering 
into the syringe. This process will reduce the chances of syringe contamination with worms. Concentrated 
worm population will ensure their fast and successful loading into the device entrance. 

7. Plug the metal coupler of the syringe into the vivoChip-2x inlet. 
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8. Lift the syringe above the vivoChip-2x and gently squeeze the syringe plunger in 1-2 second bursts (while 
viewing the vivoChip-2x through a stereoscope or microscope) until you see ~50-70 C. elegans appear in 
the chip entrance chamber. 

Caution: Do not apply a large pressure into the syringe plunger to avoid pushing C. elegans into the traps 
too strongly and potentially causing permanent damage to their body or orienting them randomly.  

 
9. Disconnect the luer stub from the syringe and connect it immediately to the one-way stopcock. 
10. Turn the handle of the one-way stopcock to the OPEN position. 
11. Place the tip of the exit tubing into a waste receptacle. 

Caution: Do not keep the vivoChip-2x above the level of the reservoir. The backflow can drag the worms 
into the input tubing, causing unfavorable trapping efficiency and poor chip performance. 

C. Immobilize C. elegans in vivoChip-2x 

1. Press the Manual button on the vivoCube (Manual button will glow green) to apply buffer pressure to 
the vivoChip-2x inlet. 

2. Immediately press the Automatic button on the vivoCube to automatically apply 10 cycles of on and off 
pressure (lasting 3 minutes). When the pressure is on, the Manual button glows green, and when the 
pressure is off, the Manual button does not glow. The on-off pressure cycle will load the worms inside 
the microfluidic channels orienting them laterally. At the end of the pressure cycle, the vivoCube will 
leave the pressure on to keep the worms immobilized for high-resolution imaging. 

Note: Air bubbles can form at the inlet and outlet of the vivoChip-2x. Follow Tip #2 for bubble-free 
immobilization. 
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Caution: Press the Manual button for additional pressure cycles. You can always restart the pressure 
cycles by pressing the Automatic button at any time. 

D. Image trapped C. elegans using an inverted microscope  
(For upright imaging system see Tip #7.) 

1. Mount the vivoChip-2x with the immobilized worms on an inverted microscope. The Manual button 
should still glow green, meaning that the C. elegans are experiencing buffer pressure. 

2. Place the exit tubing into a waste receptacle (e.g. tape a centrifuge tube on the side of the microscope). 
3. Focus on the microfluidic channels using a low magnification (such as 2×) objective to locate the worms.  

 

4. Switch to a high magnification objective (such as 10× or higher) and acquire multiple bright-field and 
fluorescence images by changing the height of the z-stage. 

5. Save the images to analyze them later for high-content phenotyping. 

Caution: Clean the glass substrate below the vivoChip-2x for high-quality images 

E. Unmount and clean the vivoChip-2x 

1. Remove the vivoChip-2x from the microscope stage. 
2. Turn the handle of the one-way stopcock to the closed position. 
3. Unpress the Manual button of the vivoCube. 
4. Unplug off the air pump. 
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5. Unscrew the luer stub of the input tubing from the one-way stopcock and disconnect the metal coupler 
from the vivoChip-2x inlet. 

6. Fill the syringe with 5 mL of distilled water and connect it to the input tubing. 
7. Remove the exit tubing metal coupler from the vivoChip-2x outlet. 
8. Plug the input tubing metal coupler into the vivoChip-2x outlet and dispense 2-3 mL water using the 

syringe. This process will free all the immobilized C. elegans from the traps and clean the chip. 
9. Unscrew the syringe, flush all the water and fill the syringe with air.  
10. Connect the syringe and press the plunger to push air through the vivoChip-2x. 
11. Store the tubes and vivoChip-2x for future use. 

 

 

Notes and Comments: 
 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 
Contact us 
Phone:  704-756-2758 
Web:   www.newormics.com 
Email:  support@newormics.com 
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Additional tips for vivoChip operation and improving performance 

Tip 1: Protocol for removing the metal couplers from the vivoChip-2x inlet or outlet 
1. Locate the needle nose pliers from the tool pack. 
2. Place the vivoChip-2x connected with metal couplers on a flat and clean surface. 
3. Place the thumb and the index finger on either side of the metal coupler. 
4. Press the PDMS chip firmly against a flat and clean surface. 
5. Pull the metal coupler up vertically using the needle nose pliers (while continuing to push down on the 

PDMS chip) to remove the metal coupler from the device. 
6. For connecting the metal couplers with the vivoChip-2x, follow the same procedure, namely get the 

metal couplers already connected with tubing and push them vertically into the inlet or outlet. 

 
Caution: Do not press the vivoChip-2x on an uneven surface with dirt particles or paper towel, since it can 
break the bottom glass substrate. Keep the thumb and the index finger close to the punched hole in the 
device. While pushing the metal coupler into the hole in the device, do not hold the coupler at an angle, 
which can tear PDMS surfaces causing fluid leakage during pressure cycle steps.  

Tip 2: Protocol for priming the vivoChip-2x  

During worm loading and immobilization on a new vivoChip-2x, air bubbles might be formed inside the 
vivoChip-2x. To avoid air bubbles, you can follow these steps: 

1. Locate the metal plug in the tool pack.  
2. Fill the vivoChip-2x and waste tubing to the end with buffer using the vivoCube (see page 5). 
3. Turn the handle of the one-way stopcock to the closed position. 
4. Insert a solid metal plug at the end of the exit tubing. 
5. Rotate the handle of the stopcock to the open position (with the vivoCube manual pressure on). 
6. Wait 10 minutes for the pressure to remove all air bubbles and completely prime (fill) the vivoChip-2x 

with buffer. 
7. Remove the metal plug from the exit tubing and turn off the vivoCube pressure.  

Tip 3: Protocol for preparing day 1 to day 5 adult C. elegans for imaging in vivoChip-2x 

1. Locate the cell strainer with 40 µm sieve size in the starter kit. 
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2. Place the cell strainer on a Petri dish and pipette M9 on the filter to form a drop at the bottom of the 
filter on the other side. If necessary, pipette M9 with high flow rates to form the M9 drop. 

3. Using a glass pipette, drip 1-2 mL of M9 buffer onto the NGM plate with synchronized day 1 to day 5 adult 
C. elegans. 

4. Aspirate the M9 buffer containing C. elegans into the glass pipette. 
5. Flush the M9 buffer containing C. elegans through the back of the strainer filter cup over a waste. The 

eggs and particles will go through the filter, leaving C. elegans filtered on the top side of the netting of 
the filter cup. 

 

6. Flip the strainer with the worms and place it on top of a clean glass dish. 
7. Drip fresh M9 through the netting to collect all the C. elegans.  
8. Aspirate the C. elegans from the Petri dish into a 1.5 mL tube. 
9. Remove the supernatant after 5 minutes to obtain a batch of clean day 1 to day 5 adult C. elegans. 

Tip 4: Immobilization protocol with anesthetic 

1. Fill the reservoir with filtered M9 buffer mixed with the required anesthetic concentration (e.g. 5 mM 
levamisole). 

2. Fill a 5 mL syringe (with the luer lock tip) with 2-3 mL filtered M9. 
3. Connect the syringe to the short (4 inch) tubing using a luer stub and with a metal coupler at the other 

end of the tubing. 
4. Connect the metal coupler of the short tube to the vivoChip-2x inlet. 
5. Connect the exit tube to the vivoChip-2x and flow filtered M9 through the device. 
6. Remove the syringe from the short tubing and aspirate C. elegans in to the long input tubing with a metal 

coupler attached. 
7. Connect the metal coupler end of the input tubing to the short tubing and squeeze the syringe to push 

the worms into the vivoChip-2x inlet. Continue until approximately 60 worms are loaded in the device. 

Caution: Squeeze the syringe plunger to load the worms gently in the vivoChip-2x. High pressure can 
immobilize the worms randomly inside the vivoChip-2x, resulting in inefficient immobilization and poor 
imaging results. 
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8. Disconnect the long input tubing with the metal coupler from the short tube. 
9. Disconnect the luer stub from the syringe and connect it immediately to the one-way stopcock. 
10. Turn the handle of the one-way stopcock to the OPEN position. 
11. Press the Manual button on the vivoCube (Manual button glows green) for 5-10 seconds. The vivoCube 

applies a buffer pressure to push a small drop of M9 (with 5-10 mM anesthetic) out of the coupler. 
12. Unpress the Manual button and connect the metal coupler to the short tube. 
13. Press the Manual button on the vivoCube (Manual button glows green). 
14. Immediately press the Automatic button on the vivoCube to automatically apply 10 cycles of on and off 

pressure (lasting 3 minutes in total). When the pressure is on, the Manual button glows green, and when 
the pressure is off, the Manual button does not glow. The on-off pressure cycle will load the worms 
inside the microfluidic channels orienting them laterally. At the end of the pressure cycle, the vivoCube 
will leave the pressure on to keep the worms immobilized for high-resolution imaging. 

Tip: Press the Manual button for additional pressure cycles as needed. You can always restart the pressure 
cycle for immobilization and imaging by pressing the Automatic button at any time. 

 
Tip 5: Bleach protocol to obtain 200-300 age-synchronized L4 worms 

1. Grow (Day 0): 
• Transfer 3-4 larval stage (L4) worms on a 10 cm diameter NGM plate with bacteria. 
• Keep the plate at 20 °C for 5 days to get gravid worms, small worms, and unhatched eggs. 

2. Wash (Day 5): 
• Wash the NGM plate with worms using M9. 
• Aspirate the M9 with gravid worms, small worms, and unhatched eggs. 

3. Collect (Day 5):  
• Pipette the worm solution into a 1.5 mL centrifuge tube. 
• Wait for 5 min for the large-sized gravid worms to sink to the bottom of the tube. Or you can 

centrifuge at 1300 rcf for 30 seconds. 
• Remove the supernatant with the eggs and small size worms. 
• Leave the gravid worms in ~30-50 µL M9 at the bottom of the tube. 

4. Bleach & Wash (Day 5): 
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• Make a fresh bleach solution (0.5 mL 10 M potassium hydroxide, 7.5 mL deionized water, and 2 
mL Sodium hypochlorite bleach). 

• Add 0.5 mL bleach solution in the tube with gravid worms. 
• Wait for 4-5 min. Shake the tube with the worms in bleach solution every 30 seconds and watch 

the tube in a stereoscope to identify > 50% fragmented worm population. 
• Immediately, fill the tube with 0.75 mL of M9 solution. Caution: Do not keep the worms too long 

in the bleach. Over-bleached eggs are not viable for hatching. 
• Shake the tube and centrifuge at 1300 rcf for 30 seconds. 
• Remove the supernatant and leave the egg pellet at the bottom of the tube in ~20 µL of solution. 
• Fill the tube with 1 mL of M9. Shake the tube and centrifuge at 1300 rcf for 30 seconds. 
• Repeat the wash step for 4 times to remove trace of bleach in the tube. 
• Fill the tube with 1 mL M9. 

5. Hatch & Synchronize (Day 5-6): 
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• Leave the tube with the unhatched eggs and M9 in a shaker at 20 °C for 16-24 hours. 
• All the viable eggs will hatch and get age-synchronized larval stage 1 worms (L1s). 

6. Concentrate (Day 6):  
• Remove the tube from the shaker with age-synchronized L1s. 
• Centrifuge the tube at 1300 rcf for 30 seconds. 
• Remove the supernatant and leave the L1s within 50-100 µL M9 volume in the tube. 

7. Plate L1s (Day 6): 
• Plate the L1s on a fresh NGM plate with bacteria. 
• Pipette appropriate amount of M9 volume to have 200-300 L1s on the plate. 

8. Image-ready L4s (Day 8): 
• Day 6-8: Leave the NGM plate at 20 °C for 48 hours. 
• The NGM plate is ready with age-synchronized L4 worms for imaging. 

Note: For day 1 to day 5 stage worms (D1-D5), maintain the NGM plate for a longer period of time at 20 °C. 
Beyond day 1 stage, new progenies are formed on the NGM plates. As the number of worms increase on the 
NGM plate, they consume more food, and deplete the food amount from the plate. Beyond day 5, it becomes 
difficult to distinguish the new batch of adult worms (F1) from the parent population (P0). To maintain healthy 
batches of P0 worms with sufficient food and avoid mixing of parent population with F1 generation, transfer the 
parent population on day 2 stage and day 4 stage. 

Tip 6: Imaging not well-synchronized worms in vivoChip-2x 
Age-synchronized batch of worms will be immobilized side by side in a similar location inside the microfluidic 
channels of the vivoChip-2x. However, developmental defects can result in a poorly synchronized batch of 
worms, which will be immobilized in a staggered way as shown in the figure below. Acquire multiple fields of 
view to capture high-resolution images of all the channels one-by-one in three dimensions focusing on a single 
worm at a time.  
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Tip 7: Imaging vivoChip-2x using an upright microscope 

Locate the plastic upright microscope adaptor (pictured below, colors may vary) in your starter kit. Connect 
both tubing as per the instructions above for an inverted microscope. Immobilize worms inside the vivoChip-
2x while keeping the device mounted upright. Once immobilization cycle is complete and most channels are 
filled with worms, turn the vivoChip-2x upside down. Mount the vivoChip upside down on the upright 
microscope adaptor and place it on the microscope stage. Keep the glass bottom on a fixed position while 
focusing your objective and performing imaging of worms. Please contact Newormics support for additional 
information about the vivoChip-2x mount system for imaging in upright microscopes, or for custom solutions if 
the included adaptor is not suitable.  
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Troubleshooting 

Troubleshooting 1: Noise in the air pump 

If you hear loud noise from the air pump, check the connection of the air input tubing. Ensure that the tube is 
pushed to the end of the quick connect in the air pump and the vivoCube. Replace the rubber pad under the 
air pump stands. 

Troubleshooting 2: No buffer flow through the vivoChip-2x exit tubing  

1. Check the power connection to the air pump. The 
pump vibrates when working properly.  

2. Check the tubing is pressed firmly onto the air in/air 
out connections on the back of the vivoCube  

3. Press the Manual button on the vivoCube (should glow 
green). 

4. Screw the cap tightly to the buffer bottle. 
5. Screw the two black color swivel connectors with 

tubing tightly to the buffer bottle cap. 
6. Ensure that the swivel connector on top of the internal 

bottle tubing connects to the one-way stopcock. 
7. Remove the metal coupler from the vivoChip-2x inlet 

and ensure M9 is flowing out of the metal coupler. 
8. Connect the metal coupler in the input tubing to the vivoChip-2x inlet and observe the buffer coming 

out of the exit tubing. 


