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Characterization of Dynamic Behavior of C. elegans in Different Physical Environments

Jin-Sung Park, Byoung Hwan Yun, and Jennifer H. Shin

Abstract. Caenorhabditis elegans (C. elegans) is an undulatory nematode which exhibits two distinct locomotion types of
swimming and crawling. Although in its natural habitat C. elegans lives in a non-Newtonian fluidic environment, our current
understanding has been limited to the behavior of C. elegans in a simple Newtonian fluid. Here, we present some
experimental results on the penetrating behavior of C. elegans at the interface from liquid to solid environment. Once C.
elegans, which otherwise swims freely in a liquid, makes a contact to the solid gel boundary, it begins to penetrate vertically
to the surface by changing its stroke motion characterized by a stiffer body shape and a slow stroke frequency. The particle
image velocimetry (PIV) analysis reveals the flow streamlines produced by the stroke of worm. For the worm that crawls
on a solid surface, we utilize a technique of traction force microscopy (TFM) to find that the crawling nematode forms
localized force islands along the body where makes direct contacts to the gel surface.

Key Words: Caenorhabditis elegans (27104155, swimming locomotion (=93 o5 ),
crawling locomotion (7]0] thyE o5 HH2]), non-Newtonian fluid (B]57FEYSH F-A)),
particle image velocimetry (PIV ¥-2), traction force microscopy (TFM #-29).

LME T FFe AP w3l 7] 959 BAlE Ad A

(nematode)®] 7390 Aol gl e vlFEURF

Aol EAfERE ke AHAIEL v FEUSE 94| FAANE 79 o] TSR olEe] AA| A2

Al(non-Newtonian fluidic system)2] 5432 ehj= th AR E71E RS 1S S HHlkl s = A o

Rl AE| 317 ol ZkA} Anjcle] 153k o)E HpAl 730] AllME 1 o)F &7t 743 SrkEE el &
(locomotion)& o]-83) A=t ). H2 vlFEUL =99,

A AN K1 dRe] AE Ao b, of olefet M= A e Wl Y] H HFE

23t RS Ba 44 BAvle] Ae2ee ) o LQE Al Bduke] A Srollx] Arale] o) il

=2 TH

% FEUS Sl dEE E sjElrl= uje ) UES ofsfslarat TRt Alert ofFolR|aL QAR
L Eo|d % oS 2313t 4= gleo| B n} ok HIFEYSE BAAVT 2kl Qi o s ols) o 2R

del|zH, 71 AR(flagellum)e] THE 5L ojgs) = A ool B IE b= ‘Ea—‘l 7keA @
k= A sperm)y= =HOF =2 A (viscosity)E 2= AEg 2L ek 2 =2olkde vIEURt A7 )
e (Vlscoelastlc) UHZ‘OHH R0 408517 930 A] olefgt A AT B olsfislaa) shs =g
A Zple] R 3l 22 T 37 ¥H= hyper-active - Agko 2, tpeket welA vl o] Wslel] upg o

T Department of Mechanical Engineering, Korea Advanced Institute of Science and Technology, Daejeon 305-701, Republic of Korea,
j_shin@kaist, ac.kr
* Department of Mechanical Engineering, Korea Advanced Institute of Science and Technology, Daejeon 305-701, Republic of Korea,
jinsungp@Kkaist. ac kr
** Department of Mechanical Engineering, Korea Advanced Institute of Science and Technology, Daejeon 305-701, Republic of Korea



PIV 3 TEM 4 7S o83 otampdsel

(mm/sec)
x10 2
8

Fig. 1. A typical swimming behavior of a nematode and a
reconstruction of flow field produced by its stroke
motion: (a) a snapshot image of a swimming
nematode in 0.4% MC solution, (b) overlapping
image showing the moving displacement of a
swimming nematode for 2.4 sec. (c) Streamlines of
flow revealed by tracking the particles and (d) one
representative image of the velocity vector
components. Here, the body skeleton of a nematode
is indicated by black line in (d) and all scale bars
are 500 pm.
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Fig. 2. Penetration dynamics of C.elegans at soft gel
boundary: (a) Sequential images of C. elegans
penetrating into the gel boundary, (b) processed
image showing flow streamlines, and (c) its
reconstructed image for the wvelocity vector
components from (b). Here, the gel boundary and
the body skeleton of a nematode are each drawn in
dotted and solid line in (c), respectively. All scale
bars are 500 #m.
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Fig. 3. Measurement of elastic modulus of gelatin gel. This
graph shows the loading curves for 3% gelatin gel
and inset is a schematic of indenter used in this
experiment.
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Fig.. 4. Measurement of traction force exerted by a
crawling C. elegans: (a) Reference frame of 3% gelatin
substrate with embedded fluorescent microspheres (1#m
diameter). (b) Deformation of gel substrate due to force
exerted by a crawling C. elegans (orange line). (c)
Vector fields calculated by comparing the distribution of
microspheres between (a) and (b). (d) Field of traction
stresses, rendered as a color image after mapping the
magnitude of stress.
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