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Oceans, soils and living beings are as many habitats for swimming microorganisms, whose motion
can be drastically altered by the presence of a solid or liquid interface. These interactions have been
largely studied for microswimmers of the “pusher” type, such as bacteria. The influence of a solid
boundary on “puller” microswimmers, such at the microscopic algae Chlamydomonas (see Fig. 1a),
has only been recently characterized [1, 2, 3], while nothing is known about the influence of a liquid
interface on swimming.
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Interactions between microorganisms and solid boundaries play an important role in biological
processes, such as egg fertilization, biofilm formation, and soil colonization, where microswimmers
move within a structured environment. Despite recent efforts to understand their origin, it is not clear
whether these interactions can be understood as being fundamentally of hydrodynamic origin or hinging on
the swimmer’s direct contact with the obstacle. Using a combination of experiments and simulations, here
we study in detail the interaction of the biflagellate green alga Chlamydomonas reinhardtii, widely used as
a model puller microorganism, with convex obstacles, a geometry ideally suited to highlight the different
roles of steric and hydrodynamic effects. Our results reveal that both kinds of forces are crucial for the
correct description of the interaction of this class of flagellated microorganisms with boundaries.
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Microorganismal motility is often confined by solid
objects. From biofilm formation within soil’s porous
structure [1] to protistan parasites navigating through the
densely packed blood of the host [2], and mammalian ova
fertilization [3], solid boundaries alter both the motion and
spatial distribution of microorganisms [4,5] in ways that are
currently not well understood [6,7]. Explaining these
interactions can pave the way for the use of extant
microorganisms in technological applications ranging from
bioremediation [8,9] to directed transport and delivery of
pharmacological cargo at the microscale [10], as well as
inform the design of artificial microswimmers [11]. One of
the most basic types of interaction is the scattering off a
solid plane. Bacteria and other microswimmers with rear-
mounted flagella (“pusher” type) are well known to
accumulate spontaneously on planar surfaces [12], a
phenomenon that has been equally well explained by
theories based on either purely steric [7] or hydrodynamic
[6,13] interactions. New experiments are finally prising
these two effects apart, with results in clear support of the
latter [14,15]. Our knowledge of cell-wall interaction for
the other major class of microswimmers, those with front-
mounted flagella (“puller” type) is distinctly less advanced.
Recent experiments suggest that steric effects dominate the
scattering of these flagellates off flat boundaries [5]. If true
in general, this would place the two microswimmer types in
clearly separated categories of interaction. However, sim-
ilarly to the bacterial case [15], differentiating steric and
hydrodynamic effects requires one to move beyond a plane
wall. Here, we report the first detailed experimental study
of the scattering of a model puller-type microswimmer, the
biflagellate alga Chlamydomonas reinhardtii (CR) [16], off
a curved surface. Our results, supported also by numerical
simulations, show that both hydrodynamic and steric forces

are needed to explain the microswimmer’s interaction with
obstacles. At close contact, lubrication forces alone can
lead to long-term entrapment, which is avoided through
direct flagellar action following cell spinning.
CR strains CC125 and SHF1 (short flagella mutant) were

grown axenically in a tris-acetate-phosphate medium [17]
at 21 °C under continuous fluorescent illumination
(100 μE=m2s, OSRAM Fluora). Cells from exponentially
growing cultures at ∼5 × 106 cells=ml were harvested and
loaded into 30 μm thick PDMS-based microfluidic chan-
nels [Fig. 1(a)] previously passivated with a bovine serum
albumine solution. Individual channels contain a 4.5 ×
4.5 mm2 region where 2R ¼ 25 μm diameter circular
pillars are arranged in either hexagonal or slightly ran-
domized square lattices of spacing 75 μm. Identical results

FIG. 1 (color online). Experimental configuration and scatter-
ing functions. (a) Schematics of the pillars’ arrangement. (b) Con-
ventions used for the (signed) scattering angles. (c) Scattering
probability pðθoutjθinÞ for CC125 and SHF1. Solid lines are fits
to Eq. (1).
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Figure 1: (a) Unicellular algae Chlamydomonas rheinardtii viewed in scanning electron microscopy.
Credits: Dartmouth Electron Microscope Facility, Dartmouth College. (b) Chlamydomonas scattering
off solid pillars. (c) Definition of the scattering angles. (d)-(e) Scattering probability p(θout|θin) for
two strains of Chlamydomonas. One scattering regime is dominated by contact interactions, the other
one by hydrodynamic interactions. (b)-(e) Taken from [2].

In a recent study, Contino et al. have quantified the interactions between a swimming Chlamy-
domonas and solid pillars [2], see Fig. 1(b)-(e). In particular, they highlighted the presence of two
regimes, depending on the angle of arrival of the algae on the pillar: one regime is dominated by
contact interactions, while the other is dominated by hydrodynamics, see Fig. 1(d)-(e).

The aim of this internship is to use a microfluidic platform developed at LadHyX [4] to study the
swimming of individual Chlamydomonas in an array of immobilized liquid pillars, namely oil droplets.
The presence of a liquid rather than a solid interface changes the boundary condition from no-slip to
a slip, and will change the hydrodynamic interactions. The sequence of scattering of the algae on the
oil droplets will be filmed with a high-speed camera to unravel the effects of steric and hydrodynamic
interactions, and the size and viscosity of the oil droplet will be varied systematically. The internship
is largely experimental, with extensive image and data processing.
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