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Complete vivoCube+ and the vivoChip system setup  

 

Figure 1: Complete System Setup 

Components 

1. vivoCube+ 
2. Air tubing 
3. GL45 buffer bottle with barbed 

connectors for buffer 
4. Buffer tubing 
5. Stopcock valve 

6. Luer stub 
7. vivoChip-2x with metal couplers 
8. Waste tubing 
9. Waste container 

vivoCube+ Rear Panel Schematic 

 

 

 

 

1. Power switch 
2. Channel A pressure port (PA) 
3. Channel A pressure port (PB) 

 

4. USB port 
5. External pressure supply port (Pext) 
6. Power jack 

Note: vivoCube and vivoChips may be branded as “Newormics” or “vivoVerse” depending on version. 
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Electrical specifications: 

The vivoCube+ requires electrical power to function. A power adaptor is provided with 
interchangeable N-, E-, B-, and A-type blades (as shown in the following diagram), covering most 
power outlets in North America, Europe, United Kingdom, and Australia. If you require a different type 
of power adaptor for your electrical power supply, please contact support@vivoverse.com with your 
country information. 

 
 

Limited warranty: 

Contact vivoVerse for limited warranty coverage and price for the vivoCube+. 

Not 

included 

mailto:support@vivoverse.com
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Package contents 

The vivoCube+ and vivoChip bundle contains the following items: 

 
➢ vivoCube+ with universal power supply 

 

 

 

 

 

 

➢ Buffer Bottle with air input tubing and 
buffer output tubing

➢ Starter Kit 

 

 

➢ vivoChip-2x set (number and type depending on the bundle configuration purchased) 

 

Note: vivoCube and vivoChips may be branded as “Newormics” or “vivoVerse” depending on version. 

 

vivoCube+ and accessories 

vivoChip-2x packs 

a. 40 µm worm filter 

b. 5 mL syringe 

c. Needle nose pliers 

d. 1.2 µm syringe filter  

e. Anesthetic tubing with metal coupler, and metal plug 

f. Upright microscope adaptor 

1 Multi-function dial 
2 OLED screen 

2 1 

a. 4  vivoChip-2x 

b. Input tubing (3’ tubing with green or orange 

luer stubs and metal connector) 

c. Exit/waste tubing (2’ tubing with metal 

connector) 

d. Storage case 
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vivoCube+ and buffer bottle setup 

1. The buffer bottle cap will need to be assembled before the system is used for the first time. Refer 
to Figure 2 for these steps. 
a) 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 (right-hand side in the image) by screwing 
the black connector into the white plastic port on the bottle cap. 

 
Figure 2: Assembly of the buffer bottle air and buffer tubes 

b) Connect the air output tubing (long tubing from Bottle Kit) to the other bottle cap port (left-
hand side of the bottle in the image) by screwing the black connector into the white plastic port 
on the bottle cap.  

c) Ensure black screw connectors are tightened firmly to be airtight, but take care not to bend the 
translucent plastic barbs on these connectors as they are delicate. 

2. Before screwing the blue cap onto the buffer bottle, fill the bottle with at least 200mL with M9. 
 

Note: M9 is mentioned throughout as the usual buffer for C. elegans but it should be understood that 
any nematode buffer may be used. 
 
Optional: Filter M9 buffer using the 1.2 m syringe filter provided in the Starter Kit (Item d). 
 

3. Screw the cap onto the buffer bottle tightly to avoid pressure leakage. 
4. Connect the air output tubing to the PA port on the back of the vivoCube+ (shown in Figure 3) by 

pushing the tubing into the green fitting firmly (an internal gripping ring and O-ring hold the tubing 
tight). 

Note: To disconnect the tubing, push on the green release ring, hold it, and pull the tubing out of the 
fitting. 
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Figure 3: Rear panel of the vivoCube+ with diagram of push-to-connect fitting operation 

Testing fluidic connections of the vivoCube+ and buffer bottle 

Note: The general operation of the multi-function dial on the front panel of the vivoCube+ (Item 1 on 
vivoCube+ image) is to turn the knob clockwise or counterclockwise to select the desired option and 
then press/push/click the dial itself to select that option. In the steps below, the word “select” is used 
to mean turning the dial to find the desired option and pushing or clicking the dial itself. 
 
Note: To set the psi, all four digits of the psi reading (e.g., 4.000, 5.000, etc.) must be set. When 
setting the digits, the cursor begins on the ones digit. As noted above, turn the multi-function dial to te 
desired number and press/push/click the dial itself to set that digit. The cursor then moves to the first 
digit after the decimal point. Repeat these steps to set each of the four digits. 
 
Note: The pressure port PA  (where A is subscripted) on the rear panel of the vivoCube+ is represented 
as “P(A)” (where A is in parentheses) on the vivoCube+ display screen. 

 

1. Ensure the handle of the one-way stopcock in the buffer tubing is set to the “Closed” position as 
shown in Figure 4. 

  
Figure 4: Diagram depicting closed and open stopcock handle positions 

2. Connect the vivoCube+ power supply to the power jack (Item 6) on the back panel of the 
vivoCube+. 
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Note: before operating the vivoCube+, it is recommended to read the standalone vivoCube+ manual 
(Document Number: VVS-QA-015-01) included with the vivoCube+. 
 

3. Flip the power rocker switch (Item 1) on the rear of the vivoCube+ to the on position (up). 
a) The blue LED light in the rocker switch will illuminate and the screen on the front panel of the 

vivoCube+ will turn on if powered on correctly. 
4. Using the dial on the right-hand side of the vivoCube+ front panel, press it to enter “Manual” 

pressure control mode. 
5. Click “Set P(A)” to set the desired pressure for pressure channel A. 
6. Rotate the dial to set the pressure to 4.000 psi (setting all four digits as noted above). 
7. Rotate the dial to navigate to “Turn off P(A)” and allow the cursor to hover over this option. 
8. Place the end of the buffer tubing over a waste container. 

Caution: Place the exit of the tubing over a waste container to avoid liquid spill on the imaging setup 
during pressure cycles. To prevent damage, avoid liquid waste dripping on the vivoCube+ unit. 

9. Rotate the handle of the one-way stopcock on the buffer tubing to the “Open” position as shown 
in red in Figure 4 above. This allows the buffer to flow through the tubing. 

10. To prevent back flow into the tubing, read the following steps before performing them to stop 
buffer flow.  
a) Carefully observe the end of the buffer tubing to see when the buffer begins to flow into the 

waste container. 
b) At that point, rotate the handle of the one-way stopcock to the closed position as soon as the 

buffer flows through the tubing into the waste container. 
c) Then press “Turn off P(A)” on the vivoCube+ menu. 

11. Your vivoCube+ system is now ready to use. 
 
Note: If liquid does not flow through the exit tubing, please see the Appendix B Troubleshooting Section 
A at the end of the manual. 

Connecting and priming the vivoChip-2x using the vivoCube+ 

1)  Screw the orange luer stub (with its attached tubing) to the one-way stopcock coming from the 
buffer bottle tubing.  

2) Using your thumb and index finger, gently push the metal coupler at the other end of the tubing 
into the vivoChip-2x inlet port (see Figure 5). This can also be done using the pliers to hold the 
coupler as well if desired. The input tubing is now fully connected. 

 

Figure 5: Top-down view of vivoChip-2x showing inlets and exits of microfluidic devices 
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Figure 6: Connection of the buffer tubing to the vivoChip-2x 

3) Now, using the tubing that has a metal coupler but no orange luer tip (the exit tubing), push its 
metal coupler into the exit port (see Figure 5). The coupler should be at pressed in to at least ½ the 
chip thickness (when viewed from the side). 
 
Caution: Always keep the buffer bottle elevated above the vivoChip-2x. Otherwise, a gravity-driven 
backflow can drag the liquid (and later, worms) back into the input tubing, possibly contaminating the 
liquid in the bottle and causing lower trapping efficiency and poorer chip performance. 
 

4) To test the connections and flow liquid through the vivoChip-2x, please read through the lettered 
steps before proceeding: 
a) Place the end of the exit tubing into a waste reservoir (e.g., something like an open Eppendorf 

tube held in a rack. You may like to tape it in place to ensure that it doesn’t get pulled out). 
b) Press “Turn on P(A)” on the vivoCube+ menu. 
c) Rotate the handle of the one-way stopcock on the buffer tubing to the “Open” position as 

shown in Figure 4. 
d) Watch the liquid flow through the input tubing into the chip, and then through the exit tubing 

into the waste reservoir. 
e) Once the liquid flows out through the exit tubing into the waste container, rotate the handle of 

the one-way stopcock to the closed position. 
f) Press “Turn off P(A)” on the vivoCube+ menu. 

Tip: If liquid does not flow through the exit tubing, please see the Appendix B Troubleshooting, 
Section A at the end of the manual. 

5) Now the vivoChip-2x is ready for use with worms. 
 
Note: Small air bubbles can form at the inlet and outlet of the vivoChip-2x. Follow Appendix A Tip #2 for 
bubble-free immobilization. While bubbles should not interfere with chip functionality for most chips, 
priming should be performed for L1 chips. 
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Immobilizing C. elegans in the vivoChip-2x 

1. Fill the 5 mL syringe with 2-3 mL M9. 
2. Unscrew the luer stub of the input tubing from the buffer stopcock and connect it to the luer lock 

tip of the 5 mL syringe. 
3. Remove the metal coupler of the input tubing from the vivoChip-2x inlet by following the 

instructions below. Caution: Failure to follow this method can lead to breakage of the vivoChip-
2x glass.  

a. Locate the needle nose pliers from the tool pack. 
b. Place the vivoChip-2x connected with metal couplers on a flat and clean surface. 
c. Place the thumb and the index finger on either side of the metal coupler (directly adjacent to 

the coupler, see Figure below). 
d. Press the PDMS chip firmly against a flat and clean surface. 
e. 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. 

 
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.  

Caution: Prior to coupler removal, review this section or see Appendix A Tip #1. 

 

How to use the vivoChip-2x for high-resolution imaging of C. elegans  

The protocol for preparing worms and loading them into the vivoChip-2x differs according to what 
stage of worm is being used with the chip and which type of vivoChip-2x is used. Refer to the 
appropriate sections of the protocol below according to your application. 

• For Larval 1 (L1) to Larval 3 (L3) vivoChips, see the symbols  and  in the sections below. 

• For Larval 4 (L4) to Young Adult (YA) vivoChips, see the symbol  in the sections below. 

• For Day 1 (D1) to Day 5 (D5) vivoChips, see the symbol  in the sections below. 
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A. Prepare C. elegans  

Note: C. elegans worms adhere to plastics so it is essential to use glass pipettes and glass dishes to 
manipulate or hold worms. If you experience significant loss of worms during transfer steps, this could 
be why.  

Larval 1 (L1) to Larval 3 (L3)   

1. Grow a batch of age-synchronized C. elegans following the hypochlorite bleaching protocol given in 
Appendix A Tip #4. Age synchronization ensures the best alignment of the worms within the 
channels for easiest imaging. 

2. Wash the NGM plate with age-synchronized larvae using 1-2 mL of M9. 
3. Tilt the NGM plate and aspirate the M9 buffer containing up to ~150-200 C. elegans using a glass 

pipette.  
 
Note: Collect this greater number of worms when using L1-L3 stages to ensure fast and efficient 
immobilization. 
 
Optional: Filter the worm suspension through the 40 µm worm filter (included in Starter Kit, Item 
a) or a 20 µm filter (not included) into a clean glass dish to remove any large debris such as cuticle 
fragments or unhatched eggs that might block the narrow channels.  
 

4. Gently drip the M9 containing filtered C. elegans into a 1.5 mL tube. 
5. Centrifuge at 1300 rcf (or g) for 30 s. 
6. Optional: Aspirate the supernatant to leave the worms in a 20-50 µL M9 solution in order to avoid 

aspirating too much media volume when transferring the worms in subsequent steps. 
 

Larval 4 (L4) to young adult (YA)  

1. Refer to the schematic steps shown in Figure 7. 
2. Grow a batch of age-synchronized C. elegans following hypochlorite bleaching protocol given in 

Appendix A Tip #4. Age synchronization ensures the best alignment of the worms within the 
channels for easiest imaging. 

3. Wash the NGM plate with age-synchronized larvae using 1-2 mL of M9. 
4. Tilt the NGM plate and aspirate the M9 buffer containing up to ~80-120 C. elegans using a glass 

pipette.  
5. Gently drip the M9 containing C. elegans into a 1.5 mL tube. 
6. Allow the worms to settle for 5 minutes with the tube standing upright  
7. Optional: Aspirate the supernatant to leave the worms in a 20-50 µL M9 solution in order to avoid 

aspirating too much media volume when transferring the worms in subsequent steps. 
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Figure 7: Schematic of preparation steps for L4-YA C. elegans 

Day 1 (D1) to day 5 adult (D5)  

1. Refer to the schematic steps shown in Figure 8. 
2. Grow a batch of age-synchronized C. elegans following hypochlorite bleaching protocol given in 

Appendix A Tip #4. Age synchronization ensures the best alignment of the worms within the 
channels for easiest imaging.  

3. Locate the 40 µm worm filter in the starter kit. 

Caution: The filtration steps below prevent large quantities of eggs from entering the vivoChip-2x. 
These eggs can inhibit chip performance by blocking channels. If your sample contains large numbers 
of eggs, it is highly recommended to follow the filtration steps below. However, these steps may not be 
needed for adult worms without eggs e.g., early D1 adults and egg laying deficient strains. 

4. Place the worm filter in a glass dish and pre-wet the filter by pipetting enough M9 onto the 
bottom of the filter in order to form a hanging droplet on the other side. If necessary, squirt M9 
through vigorously to form the M9 drop. 

5. 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. 

6. Aspirate the M9 buffer containing C. elegans into the glass pipette. 
7. Flush the M9 buffer containing C. elegans through the bottom of the strainer worm filter. The 

eggs and particles will go through the filter, leaving adult C. elegans on the top side of the filter 
mesh. 

8. Flip the worm filter over and place it in a clean glass dish. 
9. Drip fresh M9 through the mesh to wash all the C. elegans into the dish.  
10. Transfer the C. elegans from the dish into a 1.5 mL tube with a clean glass pipette. 
11. Allow the worms to settle for 3 minutes with the tube standing upright allowing the worms to 

settle to the bottom of the tube. 
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12. Optional: Aspirate off enough of the supernatant to leave the worms in ~20-50 L M9 solution 
in order to avoid aspirating too much media volume when transferring the worms in subsequent 
steps. 
 

 
 
 
 
 

 

 

Figure 8: Schematic of preparation steps for D1-D5 C. elegans 

B. Load C. elegans into the vivoChip-2x 

Note: If using anesthetic to further immobilize C. elegans, reference to Appendix A Tip #3 for a protocol 
to load anesthetized worms into the vivoChip. 
 

1. Squeeze the syringe to remove any air in the metal coupler. Dip the metal coupler at the end of 
the tubing down to the bottom of the 1.5 mL tube containing the C. elegans. 

2. Slowly and gently pull back the plunger of the syringe to aspirate the C. elegans through the metal 
coupler into the first bit of length of the tubing. Aspirate just enough liquid to pull up the worm 
pellet from the bottom of the 1.5 mL tube. Concentrating the worms in a as small a volume as 
possible will ensure their fast and efficient loading into the device. 

Caution: Pull the syringe plunger slowly to aspirate the worms using a small volume of M9 to avoid 
worms from entering the syringe. This process will reduce the chances of syringe contamination with 
worms.  

3. Insert the metal coupler at the end of the input tubing into the vivoChip-2x inlet according to the 
procedure shown in Appendix Tip #1a.  

4. Place the vivoChip-2x on a stereoscope or microscope with a low magnification objective (e.g., 
2× if a stereoscope is not available. 

5. Push the worms into the entrance chamber of the vivoChip following the appropriate steps below 
for your vivoChip-2x type and stage of worms. 
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Loading of Larval 1 (L1) to larval 3 (L3) stage C. elegans using vivoChip-2x 
type L1 or L2-L3   

6. Unscrew the luer stub from the syringe and connect it immediately (in order to avoid an air bubble 
being introduced at the tip of the luer stub) to the one-way stopcock at the end of the bottle 
liquid tubing. 

7. Turn the handle of the one-way stopcock to the OPEN position. 
8. Make sure that the tip of the exit tubing is still placed into a waste receptacle (again, you can tape 

it in place to ensure that it doesn’t get pulled out). 

Caution: Keep the buffer bottle elevated above the vivoChip-2x. Otherwise, a gravity-driven backflow can 
drag the worms back into the input tubing, causing lower trapping efficiency and poorer chip performance. 

9. Proceed to section C to load the L1-L3 larvae into the vivoChip-2x entrance chamber.  

 

Figure 9: Image of vivoChip showing direction of flow and smaller trapped worms 

 Loading of Larval 4 (L4) to day 5 adult (D5) stage C. elegans using vivoChip-
2x type L4-YA or D1-D5   

6. Elevate the syringe above the vivoChip-2x and gently squeeze the syringe plunger in 1-2 second 
bursts, while viewing the vivoChip-2x through the stereoscope or microscope until you see ~50-
70 worms appear in the chip entrance chamber. 
Caution: Do not apply a large or sustained pressure into the syringe plunger to avoid pushing worms 
into the traps too strongly and potentially causing permanent damage to their body or random 
orientation within the channels.  

7. Unscrew the luer stub from the syringe and connect the luer stub immediately to the one-way 
stopcock at the end of the bottle liquid tubing (Item 5 in the Complete system setup figure). 

8. Turn the handle of the one-way stopcock to the OPEN position. 
9. Make sure that the tip of the exit tubing is still placed into a waste receptacle (you can tape it 

here to ensure that it doesn’t get pulled out). 
Caution: Keep the buffer bottle elevated above the vivoChip-2x. Otherwise, a gravity-driven backflow 
can drag the worms back into the input tubing, causing lower trapping efficiency and poorer chip 
performance. 

 
 

Red arrows indicate the flow of L1 worms into the 

entrance chamber and channel entrances  

Trapped L1 worms  
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Figure 10: Schematic steps for insertion of worms using included syringe and tubing 

C. Immobilize C. elegans in vivoChip-2x 

1. From the Home menu of the vivoCube+ (see Figure 11), navigate to the Programs menu (the 
second option) using the dial on the vivoCube+ front panel. 

 
Figure 11: vivoCube+ Home menu. 

2. On the Programs menu, select the program name corresponding to the vivoChip-2x model you 
are using by clicking the dial. For example, if you are using a D1-D5 chip, select the “vivoChip-2x 
D1-D5” program. 

3. Select channel “A” in the channel selection menu. 

Select the Start ( ) option on the Running Program screen to begin the immobilization process. 

  Note: For L1 and L2-L3 chips, the program begins with a 1.000 psi hold. Periodically observe 
the chip to see the number of worms in the channel entrances. When about at least 30 channels have 
at least 1 worm in the channel entrances, select the Step Forward ( ). 

a. The on-off pressure cycle will load the worms inside the microfluidic channels orienting 
them laterally. 

b. While the cycle progresses, the status and duration information will be displayed on the 
vivoCube+ screen with the Program Progress menu. 
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c. At the end of the pressure cycle, the menu display will read “COMPLETE!” and the 
vivoCube+ will leave the pressure on to keep the worms immobilized for high-resolution 
imaging. No further action within the vivoCube+ menu is needed. 

Tip: Press the Step Back button ( ) to step backwards through the program for additional pressure 
cycles if needed. 

D. Image the immobilized C. elegans using an inverted microscope  

(For upright imaging system see Appendix A Tip #5.) 

1. For best imaging results, clean the glass substrate below the vivoChip-2x using a soft lens tissue 
and a >70% alcohol cleaning solution. 

a. Warning: be careful to handle the glass base of the chip carefully as the thin glass is 
delicate. 

2. Mount the vivoChip-2x with the immobilized worms on an inverted microscope or stereoscope 
(or on an upright microscope using an adaptor, Item f in the Package Contents photo). The 
“Running Program” screen on the vivoCube+ should show “COMPLETE!” along with a “HOLD” 
pressure, meaning that the C. elegans are being held in place with a constant pressure and the 
loading process is complete. 

 
Tip: the vivoCube+ has a low-vibration built-in pump for supplying pressure. Although the vibration levels 
are low, it is recommended to place the vivoCube+ on a surface separate from your microscope during 
imaging whenever possible. 
 

3. To avoid spills, remember to keep the exit tubing inserted into the waste receptacle or, if 
necessary, insert it into a different a waste receptacle near the microscope (e.g., a centrifuge 
tube). 

4. Begin observations by focusing on the microfluidic channels/worms using a low magnification 
(such as 2×) objective before switching to a higher magnification.  

5. Proceed with observations as needed. 

 

 

 

 

 

 

 

 

 

Figure 12: Schematic of inverted microscope objective  
with inset showing low magnification of worms trapped in channels 

Objective 

2× 
1 mm 
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E. Dismount and clean the vivoChip-2x 

1. Turn the handle of the one-way stopcock (between the bottle and the chip) to the closed 
position. 

2. Remove the vivoChip-2x from the microscope stage. 
a. Warning: be careful not to tug the tubing connected to the vivoChip-2x, which can 

damage the glass base of the chip. 
3. Return to the vivoCube+ Home menu by selecting the Programs icon in the Program Progress 

menu, then select the Home menu from the Programs list menu. 
4. Remove the input tubing using the plyers following Appendix A Tip #1. 
5. Navigate to the “Manual” pressure control menu. 

a. Click “Set P(A)” to set channel A pressure. 
b. Use the dial to set the pressure to 6.000 psi (click to proceed through the digits of the 

setpoint pressure). 
c. Ensure that channel A pressure is turned on (Current pressure for channel A will read 

near the desired setpoint). 
6. Hold the metal coupler of the tubing over a waste receptacle, turn the pressure back on, and 

open the stopcock for 5-10 second to clean out worms from the input tubing. 
7. Rotate the stopcock back to the closed position and turn off the pressure. 
8. Remove the exit tubing metal coupler from the vivoChip-2x outlet following Appendix A Tip #1. 
9. Plug the input tubing metal coupler into the vivoChip-2x outlet and plug the exit tubing metal 

coupler into the input. 
10. Rotate the stopcock to the open position and turn the pressure back on at 6.000 psi. Leave this 

running for a 3-5 mins and check that all the worms have exited the chip. This process should 
free all the immobilized C. elegans from the traps and clean the chip. 

11. If needed, leave the 6.000 psi pressuring running for another 3-5 mins and check again. 
12. Rotate the stopcock to the closed position and turn off the pressure (“Turn off P(A)”). 
13. The vivoChip-2x can be used immediately for another experiment. 

 
Note: If you wish to store the vivoChip-2x for a longer period, it is best to clean out the vivoChip with water 
and air. You can do this using the following steps. 
 
14. Unscrew the luer stub of the input tubing from the one-way stopcock. 
15. Fill the syringe with 1-2 mL of distilled water and connect it to the luer from the input tubing. 
16. With a light pressure, dispense the 1-2 mL of water through the chip. 
17. Unscrew the syringe, flush all the water and fill the syringe with air.  
18. Connect the syringe and press the plunger to push air through the vivoChip-2x. 
19. Store the tubes and vivoChip-2x for future use. 
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Notes and Comments: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Contact us 
Phone:  (+1) 737-279-6020 
Web:   www.vivoverse.com 

http://www.newormics.com/
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Email:  support@vivoverse.com  

mailto:support@vivoverse.com
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Appendix A - Additional tips for vivoChip operation and improving 
performance 

Tip #1a: Protocol for inserting the metal couplers into the vivoChip-2x inlet or outlet 
1. Place the vivoChip-2x connected with metal couplers on a flat and clean surface. 
2. Place the thumb and the index finger on either side of the metal coupler. 
3. Press the PDMS chip firmly against a flat and clean surface. 
4. Push the metal couplers vertically into the inlet or outlet using just your thumb and fore finger, or 

the needle nose pliers (Item c from the Starter Kit) if you prefer.  
 

Tip #1b: Protocol for removing the metal couplers from the vivoChip-2x inlet or outlet 

1. Follow steps 1-4 above in Tip #1a. 
2. 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. 
 

 
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.  

3. For connecting the metal couplers with the vivoChip-2x, follow the same safety precautions as 
noted in steps 2-4, and  

Tip #2: Protocol for priming the vivoChip-2x (to remove small bubbles) 

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 Starter Kit (Item e).  
2. Fill the vivoChip-2x and waste tubing to the end with buffer using the vivoCube+. 
3. Insert the solid metal plug (Item e) at the end of the exit tubing. 
4. Navigate to the “Manual” pressure control menu on the vivoCube+. 

1. Select “Set P(A)” to set the pressure in channel A. 
2. Use the dial to set the pressure to 5.000 psi. 
3. Ensure that channel A pressure is turned on indicated by the menu option toggling to 

read “Turn off P(A)”. (Current pressure reading for channel A should read something near 
the desired setpoint, i.e., 5.000 psi). 
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5. Wait 10 minutes for the pressure to remove all air bubbles and completely prime (fill) the 
vivoChip-2x with buffer. 

6. Remove the metal plug from the exit tubing. 
7. Turn off the vivoCube+ pressure by selecting on “Turn off P(A)”.  

Tip #3: Immobilization protocol when using an anesthetic 

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

2. Locate the short (4 inch) length of tubing with attached connector in small case in the Starter Kit. 
3. Fill the 5-mL syringe (with the luer lock tip, Item b) with 2-3 mL of M9 not containing anesthetic. 
4. Connect the syringe to the luer stub with the attached input tubing (vivoChip-2x set, Item b). 
5. Connect the metal coupler of the input tubing to short (4 inch) tubing. 

Note: The metal coupler is connected by just pushing the coupler into the end of the tubing with your 
fingers. The first insertion is a bit tight. Subsequent insertions will be easier as the tubing is stretched. 

6. Connect the exit tube to the vivoChip-2x and flow the buffer through the device. 
7. Aspirate C. elegans through the metal coupler into the short tubing (Item e). This is shown in Panel 

A of Fig. 13 below. 
8. Insert the metal coupler (as shown in Tip #1) into the vivoChip-2x inlet (Panel B, Fig. 13).  
9. Gently depress the syringe plunger to push the worms into the vivoChip-2x inlet. Continue until 

approximately 40-60 worms are loaded in the device. 

Caution: Depress 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. 

10. Disconnect the long input tubing with the metal coupler from the short tubing. The metal coupler 
should stay in the end of the long tubing (as seen in Panel C, Fig. 13). 

11. Disconnect the luer stub of the input tubing from the syringe and connect the luer stub to the 
one-way stopcock of the buffer bottle (also shown in Panel C). 

12. Turn the handle of the one-way stopcock to the OPEN position. 

13. Using the Manual pressure control menu, apply 3.000 psi to the channel you are using.  
14. Once you observe a droplet exit the coupler, wait an additional 5-10 seconds, then turn off the 

pressure on the Manual pressure control menu. 
15. Connect the metal coupler to the short tubing length connected to the vivoChip-2x entrance. 
16. Follow the loading procedure corresponding to the chip type you are using (see Section 

C: Immobilize C. elegans in vivoChip-2x) 

Tip: Press the Step Back button (◀|) to step backwards through the program for additional pressure 
cycles if needed. 
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Figure 13: Schematic showing steps of loading anesthetized C. elegans 

 

Tip #4: Bleaching protocol to obtain age-synchronized worms 
1. Grow (Day 0): 

• Transfer 3-4 larval stage (L4) worms to a 10-cm diameter NGM plate with the food source 
bacteria of choice. 

• Keep the plate at 20 °C for 5 days. At this point, the mixed population will consist of gravid 
worms, small worms, and unhatched eggs. 

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

worms, and unhatched eggs in a 1.5 mL centrifuge tube. 
3. Collect (Day 5):  

• 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 (or g) for 30 seconds. 

• Remove the supernatant with the eggs and small size worms. 
• Leave the gravid worms in ~30-50 L M9 at the bottom of the tube. 

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

2 mL sodium hypochlorite bleach (final sodium hypochlorite concentration should be 
~1.2%). 

Note: We have found that different brands of bleach have different stability. We recommend not 
keeping the concentrated stock of bleach longer than six months. Working stocks of bleach solution 
should be made fresh for each bleaching treatment. 

• Add 0.5 mL bleach solution in the tube with gravid worms. 
• Wait for 4-5 min. Continuously shake the tube with the worms in bleach solution and 

vortex it briefly every 60 seconds. Watch the tube in a stereoscope to identify > 50% 
fragmented worms. 

• Immediately, fill the tube with 0.75 mL of M9 solution.  
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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 (or g) for 30 seconds. 
• Remove the supernatant and leave the egg pellet at the bottom of the tube in ~20 L of 

solution. 
• Fill the tube with 1 mL of M9. Shake the tube and centrifuge again at 1300 rcf (or g) for 

30 seconds. 
• Repeat this wash step 4 more times to remove all traces of bleach in the eggs.  
• Fill the tube with 1 mL M9 

5. Hatch & Synchronize (Day 5-6): 
• Leave the tube with unhatched eggs and M9 in a rocker or tube rotator at 20 °C for 16-

24 hours. 
• All the viable eggs will hatch and grow age-synchronized to larval stage 1 worms (L1s). 

6. Concentrate (Day 6):  
• Remove the tube with age-synchronized L1s from the shaker. 
• Count the number of L1 worms in a 20uL sample to approximate the number of worms 

per mL. 
• Centrifuge the tube at 1300 rcf (or g) for 30 seconds. 
• Remove excess supernatant, leaving the L1s pelleted in the bottom of the tube at a 

concentration of 200-300 L1s per 100 µL. 
7. Plate L1s (Day 6): 

• Plate the L1s on a fresh NGM plate with bacteria. 
• Pipette 100 µL of M9 volume containing 200-300 L1s on the plate. 

8. Grow and image age synchronized worms (Day 6+): 
• Incubate the NGM plate at 20 °C for the appropriate times needed for your desired stage 

(times may vary depending on strain or culture conditions). 
o For L1 – early L2 stage worms (vivoChip L1): 0-24hrs.  
o For late L2 - L3 stage worms (vivoChip L2-L3): 24-48hrs. 
o For L4 – young adult (YA) stage worms (vivoChip L4-YA): 48-63hrs. 
o For D1-D5 adult worms (vivoChip D1-D5): >70 hrs. 

 

Note: 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 to a new plate with food at 
day 2 stage and day 4 stage. 
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Notes: The grey bars above the panels correspond to the steps. The pale yellow bars give a summary of the task occurring 
that step. The blue bars indicate what day on which the process the step occurs. 

 

Figure 14: Schematic steps of synchronization protocol 
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Tip #5: Imaging vivoChip-2x using an upright microscope 

Locate the plastic upright microscope adaptor in your Starter Kit (Item f, colors may vary). It is pictured 
below in orange below, and in yellow in the Starter Kit photo. Connect both tubing as per the 
instructions above for an inverted microscope. Immobilize worms inside the vivoChip-2x while keeping 
the device mounted upright.  

 

 

Figure 15: Schematic showing placement of adaptor when using upright microscope 

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 (Item f in the 
Package Contents photo) and place it on the microscope stage. Keep the glass bottom on a fixed 
position while focusing the objective and performing imaging of worms. Please contact vivoVerse 
Support for additional information about the vivoChip-2x mounting systems for imaging in upright 
microscopes, or for custom adaptor solutions if the included adaptor is not suitable.  
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Appendix B – Troubleshooting Solutions 

A. No buffer flow through the vivoChip-2x exit tubing  

1. Check the power connection to the vivoCube+ and the pressure from the output with tubing 
attached. Airflow should be felt from the tubing when the pump is on and the pressure output 
is turned on (using “Manual” pressure control). 

2. Check that the tubing is pressed firmly onto the air in/air out connections on the back of the 
vivoCube+.This is one of the most likely spots that air can leak. 

3. Screw the cap tightly to the buffer bottle. 
4. Screw the two black color swivel connectors with tubing tightly to the buffer bottle cap. 
5. Ensure that the swivel connector/tubing with the one-way stopcock is screwed into the cap open 

that contains the tubing going to the bottom on the buffer bottle.  
6. Remove the metal coupler from the vivoChip-2x inlet and ensure that M9 is flowing out of the 

metal coupler when the vivoCube+ pressure is turned on and the stopcock is in the open position. 
7. Connect the metal coupler in the input tubing to the vivoChip-2x inlet and observe the buffer 

going through the chip and coming out of the exit tubing. 

 

B. Worms are not well aligned in vivoChip-2x 
Age-synchronized batch of worms will be immobilized side by side in a similar location inside each 
of the microfluidic channels of the vivoChip-2x (see the green framed imaged below). However, 
developmental defects can result in a poorly synchronized batch of worms, which will be 
immobilized in a staggered way as shown in the red-framed image in the figure below. Acquire 
multiple fields of view as necessary.  
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