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ABSTRACT 

Caenorhabditis elegans is one of the most widely used model organisms in biology. Proper orientation 

of C. elegans is required for imaging, cell ablation, injection and dissection applications. Conventionally, 

platinum wires (worm picks) are used to orient the worm, which requires expertise and can damage the 

worm. Microfluidic devices can eliminate direct human involvement, and hence errors, in orientation. The 

recently developed microfluidic device with U-shape microchannels provide orientation but only in dorsal-

ventral direction while in many applications, different angles of orientation are required. Our hybrid micro-

fluidic device allows the operator to orient the worm at any desired angle for bright-field and fluorescent 

imaging, acquired at 90˚ intervals in our paper for proof-of-concept. 
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INTRODUCTION 

C. elegans is a small (50-70µm in diameter in adult stage) and simple (959 cells) organism with a well-

known nervous system (302 neurons). Orientation of the worm in various directions is an important task in 

imaging [1], cell ablation [2], injection [3] and dissection [4] applications. Conventional manual methods 

and recent microfluidic techniques to orient C. elegans are typically irreversible, time-consuming and/or 

incapable of multidirectional manipulation of the worm [4-6]. While, L4 and young adult worms orient lat-

erally (dorsal-ventral) in between a flat agarose plate and a coverslip, V-groove structures are used to fa-

cilitate the orientation in these methods [5]. The worm is initially oriented with a worm pick, then glued or 

trapped in agarose groove for imaging or dissection [4-5]. These processes require a high level of exper-

tise while being irreversible and time-consuming. A recent microfluidic device also demonstrated lateral 

orientation (dorsal-ventral) of worms with 84% efficiency in a U-shape microchannel chip [6], but only 

yielded a single angle of orientation. In this paper, we present a novel hybrid microfluidic chip that allows 

an operator to orient the worm conveniently at any desired angle (±180˚) and show its application in multi-

directional fluorescent and optical imaging of C. elegans.  

  

EXPERIMENTAL 

The experimental set-up (Fig.1a) consisted of an inverted fluorescent microscope for imaging, a 

polydimethylsiloxane (PDMS) microchip for worm selection and orientation, a 3D printed fixture (Fig.1b) 

for controlled operation of the microchip, and a vacuum pump for pneumatic manipulation of the worms in 

the chip. The microchip consisted of three modules: i) a single-worm selector for extraction of a single 

animal from a worm suspension, ii) a rotatable glass capillary (~30µm tip) for worm orientation, and iii) an 

imaging channel for immobilization of the oriented animal (Fig.1c). The pulled glass capillary was pre-

loaded into the PDMS layer prior to its oxygen plasma bonding to the other PDMS layer and a glass slide 

for support. The 3D printed fixture allowed for fixation of the glass capillary in the device and minimizing 

its lateral and axial motion artifacts, while being rotated manually using the luer lock connector (Fig.1b). A 

1ml syringe was connected to the back side of the luer lock to allow for its convenient rotation and hence 

desired positioning of the glass capillary in the device. A Masterflex tube was press-fitted to the back of 

the syringe and connected to a 3psi vacuum pressure source. The pressure source was used to 
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pneumatically capture the head region of the worm and orient it in the device via rotation of the luer lock 

inside the fixture as discussed above. 

 

 
Figure 1: (a) Experimental set-up consisting of a microscope, a microfluidic device, a 3D printed fixture, a syringe 

pump and a vacuum pump. (b) 3D fixture included a luer lock  holder, a glass capillary holder, and a space for po-

sitioning the microfluidic chip. (c) Microfluidic chip and its modules: (i) single-worm selector, (ii) rotate-able 

glass capillary, and (iii) imaging channel. Channel height of 65µm was obtained by photolithography 
 

RESULTS AND DISCUSSION 

Synchronized young adult worms (40hr post-L1 stage) were loaded from a suspension into the input 

channel of the device. The worm selection module was designed to trap a single worm inside the tapering 

channel at low aspiration pressures (Fig. 2a), while the rest were ejected from the device via the 

recirculation channel (Fig. 2b). The selected worm was then ejected into the imaging channel by 

increasing the aspiration pressure of M9 buffer (Fig. 2c-d), and captured pneumatically from head region 

at the tip of the glass capillary using a 3psi vacuum pressure (Fig. 3a). Worms’ longitudinal orientation 

(head or tail) was random in the device during the single-worm loading process in the worm selector 

module (44% head first for 34 worms). Only head-loaded animals were used for lateral orientation. 

 

 

Figure 2: Single-worm selection module. (a) Single worm loaded into the trap, (b) rest of the worms were washed 

out, (c) selected worm was inserted into the imaging module, and (d) selected worm was released inside the imag-

ing channel for capturing by a suction in the glass capillary [time is in seconds, red arrows indicate the flow direc-

tion] 
 

After a single worm was selected, transferred to the imaging channel, and captured pneumatically 

from the head region in the capillary, manual rotation was applied to the capillary on the 3D fixture 
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providing it with only one degree of rotational freedom. The worm was rotated continuously for one minute 

and optical/fluorescent images of the perturbing vulva (Fig. 3b) and the ventral cord (Fig. 3c) were 

obtained in 90° intervals. Average timings of the rotation process are reported in Fig. 3b and 3c, and the 

total time required to rotate the worm for 180° after head gripping was approximately one minute. The 

orientation success rate for 10 of the fine-gripped and head-loaded worms was 70%. 

 

 

Figure 3: (a) Captured  young adult worm inside the 

imaging channel by the negative pressure in the glass 

capillary (ROI: Region of Interest), (b) Bright field images 

at 90° rotation intervals, (c) Fluorescent images at 90° 

rotation intervals [Red arrows indicate vulva, VC: ventral 

cord, CB: channel boundary, time is in seconds] 

 

Multidirectional imaging of the worm can potentially provide us with more information about the 

neurophysiology of the worm that is difficult to achieve with existing single-angle manual orientation 

methods or microfluidic imaging chips [7]. For instance, it will be possible to investigate the vulva muscles 

and neurons of the worm with this device as the natural position of vulva is at the sides of the body that is 

difficult to visualize under normal crawling conditions.  

 

CONCLUSION 

This is the first active microfluidic chip for on-demand selection, orientation and multi-directional imag-

ing of C. elegans. This device can be used in a wide variety of applications from 3D imaging of neurons 

to microinjection of worms in any desired orientation. 
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