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Knots are everywhere

Long enough polymers are (almost) certainly knotted
Sumners+Whittington, |. Phys. A : Math. Gen. 1988

750 knotted proteins in the ProteinDataBank (1%)
catalyse enzymatic reactions (Lim+Jackson 2015)

stabilize protein structure (Vagner et al 2005)

knots in DNA

ejection from capsides (Marenduzzo 2013) ZS S
replication / transcription - cell death (Deibler 2007) T B

TRANSCRIPTION REPLICATION
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Tensile strength of a wire
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10 kg

Stasiak et al, Science (1999)



Tensile strength of a wire

/11111 /11111
fishing line
with knot N
N S

6 kg

| | Pieranski EPJE (2001)
Stasiak et al, Science (1999)



Elastic knots

self-contact

Clauvelin JMPS 2009

circular cross-section
bending and twist



Applying torsion

numerical simulations: M. Bergou (SIGGRAPH) 2008 o
role of friction: Jawed (PRL) 2015






unstable !



do stable open trefoil knotted configurations exist ?



Closed configurations (Elastic Rings)

Global Bifurcation Diagram

“"’" Dichmann (1996)

\"

\W/

Langer & Singer (1984) conjecture: no stable solution



Kirchhoff equations for elastic rods

kinematics

usy d’h g ds.,

= U d3:1: — U3 dla:

y-

ny = ngug — natp — fi + pA(Ediz + §dyy + Zdy;)
N, = nguy — nus — fa + pA(Zdy, + ydoy + 2dy;)
ny = Ny Uy — Nty — fa + pA (Zdaz + §dsy + Zds;)
My = My Uz — Maly + Ng

my = My Uy — MUy — Ny

dynamics

m;, = MM Uz — Mol

mi = Kiuy, mo=Kous, m3= Kj3us

constitutive relations

1 non linear PDE (arclength & time)

eC

uilibrium & stability

BVP (collocation)

numerical path following






Obtaining a good knot
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Obtaining a good knot
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Obtaining a good knot
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All" the good knots
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All the good knots

elastic strip model
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Equations for elastic strips

kinematics

"'1 = Na Uz — Naty — fL + pA(Zdy. + §dyy + zd,;)
n.", =ngu; — mus — fo+ pA(zdy, +§d2y+£d2z)
ny = Ny Uy — Nty — f3 + pA (Edaz + §dsy + Zds;)
My = My Uz — Maly + Ny

M,y = Mg Uy — MUy — N

dynamics

M = My U — Moty

nonlinear
constitutive
) w, relations

Dias & Audoly (JMPS) 2014



Experiments
with 0 = 0.10
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Conclusions

ﬂmportance of the w/h ratio

30 75

—

elastic rod behavior match with
(jump to contact) Dias model

ﬁ

K no jump

~

w

h

experiments: h = 200 microns and w from 0.6 cm to 1.5 cm

\_

(Stable closed knots with no self-contact ?
natural curvature ?

K varying stiffness ?
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