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Venice: perfection of a fluid-based economy



Human brain ventricles are fluid-filled
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Composition of CSF

The brain produces roughly 500 mL of cerebrospinal fluid per day. This fluid
is constantly reabsorbed, so that only 100-160 mL is present at any one
time.

Cerebrospinal Fluid Substances

Water Content (%) 99

Glucose (mg/dL) 60

Sodium (mEq/L) 138

Potassium (mEq/L) 2.8

Calcium (mEq/L) 2.1

Magnesium (mEq/L) 0.3

Chloride (mEq/L) 119

Protein (mg/dL) 35; proteome: about 3,000 types, >1,000

belong to secretome



O'Callaghan et al. Pediatr Res 46: 704






Cilia in the trachea













O'Callaghan et al. Pediatr Res 46: 704



Cilia movement in the 3 ventricle

slow motion movie



Cilia movement



basics

What are microtubules? Cells have to

e organize themselves in space and interact mechanically
with their environment.

* rearrange their internal components as they grow, divide,
and adapt to changing circumstances
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microtubules

Microtubules are linear polymers of tubulin which is a globular protein.
Tubulin is a dimer consisting of two polypeptides, a- and B-tubulin

Microtubules are dynamic structures that undergo continual assembly and disassembly within the cell.



Cilia structure

The internal cytoskeletal
arrangement of a cilium
is composed of nine
doublet microtubules in a
ring surrounding a pair of
single microtubules.
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3rd ventricle



* What is around the appendix of the 3" ventricle



Tanycytes extend deep into the hypothalamus. It is proposed that

their function is to transfer signals from the cerebrospinal fluid to
the hypothalamic nuclei and vice versa.

* junctions between the

ependymal cells are permeable,
CSF components diffuse from
the ventricles into the central
nervous system.

Peluffo et al. Journal of
Neuroinflammation
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Flow may transport signals directionally

Fluid flow in the 3™ venticle



Looking at the 3 ventricle using flat-mounts
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ventral part of the 3" ventricle
is flattened



open book




Cilia beating and flow correlate at v3V entrance
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preparation
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50 fps, 500 frames/movie
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Mosaic of all regions



Ciliary Movement in the Rat Cerebral Ventricles: Clearing Action and Directions
of Currents Robert S. Cathcart Ill B.A., W. Curtis Worthington Jr. M.D. DOI:
http://dx.doi-orq/10.1097/00005072-196410000-00003-609-618 1 October-1964




flow pattern




Architecture of the 3™ ventricle and nearby hypothalamic nuclei
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Movement by particle tracking in flat-mounts of the 3" ventricle










Movement by particle tracking in flat-mounts of the 3" ventricle

D
:T\

A< > P

< €&

30 um



Direct observation of movement of 70 kD FITC- dextran
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Neurons on the v3V?



Fluid dynamics takes part in the neurophysiology of the body



Faubel, R., Westendorf, C., Bodenschatz, E. and Eichele, G., "Cilia-based flow
network in the brain ventricles", Science, July 2016, Vol. 353(6295), 176 pp.
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Biomimetic structures:
Synthetic cilia

Isabella Guido, A. Gholami, A. Bae, C. Westendorf, E. Bodenschatz
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Two approaches
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Chlamydomonas reinhardtii

green algae consisting of unicellular flagellates

5um

Swimming speed
58 micron/sec






First step to carpets: axonemes attached from one side



Fully synthetic system: synthoneme



State of the art -

T. Sanchez, D. Welch, D. Nicastro and Z. Dogic, Science 333, 456-459 (2011).



Other approach assemble microtubels

attach motors
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Microtubules bundles assembled on different surfaces

Nucleators adsorbed Boundary of

on the surface Pillars microfluidic chamber

Scale bar 10 pm
Fps 100



Biomimetic systems



Summary

Ciliated carpets give directional and locally driven
flow in the brain

Important for body functions?

Artificial carpets would revolutionize fluid
transport in small fluid systems and surfaces

Can be used to build active matter ...






