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ABSTRACT 
We present a multiplexed and automated microfluidic platform for phenotyping of C. elegans during their full 

lifespan and at high-throughput. We used the fluorescent hsp-6::gfp strain of worms and performed experiments to 
observe the effect of four different E. coli concentrations supplied for growth. We cultured worms in microfluidic 
chambers during their lifespan and quantified their motility. Nematodes were also confined at various time points 
inside tapered constriction channels for imaging to observe the mitochondrial stress, as expressed by fluorescence, 
and to measure their growth parameters as function of the amount of applied food. 
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INTRODUCTION 

The nematode C. elegans is an ideal model organism 
in biomedical research to study drug screening, aging and 
longevity due to its short lifespan, hermaphrodite behavior 
and genetic similarity with humans. However, their small 
size and high motility pose challenges to the worms’ 
manipulation and imaging. Moreover, in order to obtain 
significant biological data, worms must be studied at high-
throughput. Previous aging, longevity and drug screening 
platforms had high-throughput but lacked immobilization 
[1], had good confinement but low-throughput [2], or good 
confinement at high-throughput but for a single larval 
stage [3]. To our knowledge, no one has demonstrated 
nematodes’ culture during their full lifespan at high-
throughput and involving a method of immobilization for 
high-resolution imaging. 

 
EXPERIMENTAL 

In our design, C. elegans are initially distributed among 
32 growth chambers, targeting one to three worms per 
chamber, followed by bacteria feeding from the same inlet 
(Figure 1). Hereafter our automated Python script is 
initiated and the experiments are carried out over 5-7 days. 
Our script automatically controls the flow in the 
microfluidic channels and triggers image capturing at 
designated time points. Growth chambers are utilized for the culture of C. elegans and extraction of their swimming 
properties in a multiplexed manner during their full lifespan. Upon a trigger signal from our script to increase the 
fluidic flow, worms are temporarily confined in the tapered constriction channels, where both brightfield and 
fluorescence images are captured to quantify development parameters and mitochondria stress, respectively. We 
also provide an automatic video and image post-processing algorithm for the motility and development studies, 
respectively. 

Figure 1: (a) Layout of the PDMS microfluidic chip, con-
sisting of 8 parallel channels, each of which (b) is composed 
of 4 growth/imaging chambers, the structure of which is de-
tailed in (c). In culture mode (d), worms are fed with a liq-
uid bacteria solution and can freely move in the growth 
chamber, while videos are automatically recorded every 7 
hours for determining worm motility. For imaging (e), a 
flow from the left is applied every 35 minutes to reversibly 
immobilize a worm in one of the 13 tapered constrictions 
with 90 μm-wide entrance. After that, worms are released 
back to the growth chambers and kept to be fed until the 
next confinement. (f) Picture of the chip with the microchan-
nels filled with dye solutions. 
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RESULTS AND DISCUSSION 
In imaging mode, brightfield images were obtained for 

the worms in the constriction channels, which besides 
delivering growth parameters like worm area, also were used as masks for the fluorescence image analysis, 
indicating that more mitochondrial stress develops for more caloric feeding (Figure 2). We recorded regularly short 
videos of growth chambers, fit splines to the nematodes after an adaptive background removal to extract up to 11 
swimming properties and to deduce the effect of E. coli concentration on the nematode motility (Figure 3), which 
is characterized by a decreased motility for more caloric bacterial feeding protocols.  

 
CONCLUSION 

Our platform has the ability to address a wide range of questions because of it is high-throughput, automation, 
full lifespan culturing and the possibility to quantify at the same time both motility and development parameters. 
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Figure 3: Video processing approach to obtain worms’ 
motility parameters. (a) Screenshot of a video that was 
captured for 10 seconds at a rate of 5 frames per second. 
(b) After background removal, an automatic algorithm de-
tects the worms in a growth chamber, after which the 
worms’ positions are fitted with splines enabling to quan-
tify up to 11 swimming parameters per worm. (d) Worm 
velocity versus time for 4 different bacteria feeding con-
centrations. Data are presented as mean ± S.E.M. The his-
togram data are averages based on motility measurements 
on N = 18 to 24 worms. Scale bars = 300 μm. 

Figure 2: Image processing to quantify worm development param-
eters and green fluorescent protein expression. (a) During worm 
immobilization in the tapered constrictions, a raw brightfield im-
age is captured. (b) The image is thresholded and the algorithm is 
forced to find the largest connected components matching to the 
worms accommodated in that chamber. (c) In parallel, a raw flu-
orescence image is also taken. A dilated version of the thresholded 
image is used as a binary mask that is applied to the fluorescence 
raw image. (d) The multiplied image is used to quantify the fluo-
rescent intensity inside the worms. (e) Plot of the worm area and 
normalized fluorescent intensity for different feeding conditions. 
Data are presented as mean ± S.E.M. based on measurements on 
N = 18 to 24 worms. Scale bars = 300 μm. 

5151


	MAIN MENU
	Help
	Search
	Print
	Author Index
	Keyword Index
	Table of Contents


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'IEEE_Xplorer'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20120516081844
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     675
     320
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

      
       PDDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     2
     1
     2
      

   1
  

 HistoryList_V1
 qi2base



