Wave Pinning,
Actin VWaves,
and LPA
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Intercellular VWaves
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Questions!

- ® How can such waves / pulses form?
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FitzHugh Nagumo Idea

Wave generator Refractory variable
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FitzHugh Nagumo
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FitzHugh Nagumo

Stable HSS

w-nullcline

v-nullcline
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FitzHugh Nagumo

Unstable HSS
w-nuIIcllne
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FN Feature

® Stable HSS = transient excitable dynamics
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Relationship to
cell dynamics

® Cells are not always all or nothing.

® Some cells exhibit dynamics even after a
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FN Extionsion

® We will consider an augmentation of the
standard FN framework.

Wave generator Refractory variable
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Hypothesis

® Ve still consider a basic ‘wave generator +
refractory feedback’ model.
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Hypothesis

® Polarity proteins such as GTPases or
Phosphoinositides serve as a wave
generator.
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Wave Generator
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Woave Generator :
G T Pases

¢ Active NPF

® NPF = actin e |nactive NPF

nucleating protein

@ Exists in 2 forms.

; q .‘ - ) s - £
o o B N ey A B 5 TR
¥ - ‘s, v - b . 5.3 R P N § = ' il ' ey »
- - 5 W LA . . i B 4 ~ [ 3




Model Features

Wave Pinning

. Active NPF
® Primary features
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Wave Pinning:
Equations

Wave Pinning

U Active NPF

us(z,t) = f(u,v) + D, Au
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LPA Reduction

f(u', %)
f(u?,v7)
_f(ugvvg)




Conservation
Reduction

® Assume the perturbation is highly localized.
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Wave Pinning LPA
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Wave Pinning: Stability

Wave Pinning LPA

2.5

Turing
o} Unstable

- Stable HSS Stable HSS
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Wave Pinning: Stability

Wave Pinning LPA
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Wave Pinning: Stability

Wave Pinning LPA

2.5

2_
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Wave Pinning

® + feedback yields
a threshold
response
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VWave Pinning:
Simulations

Active NPF

Wave Pinning Turing Wave Pinning
+ Perturbation Noise - Perturbation
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VWVave Pinning:
Wave Generator

Wave generator Refractory variable
WP module F-actin (-ve feedback)
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Refractory Feedback

® Polarity related proteins (GTPases)
nucleate actin and initiate a wave.

® Growing actin ‘inactivates’ these proteins.
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Actin VWave Model

® Active NPF promotes Active NPF
F-Actin.
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® Wave Generator sadback
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Actin VWave Model
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Snapshot

F-Actin / NPF Wave Profile

—— Active NPF
F-Actin
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Spatio- Temporal
Behaviour

Active NPF
: Oscillatin
Pinned Wave &
Wave
200 400 600 800 200 400 600 800
Time Time
(a) (b)
Active NPF Active NPF
Reflecting Single
Pulse i , Pulse
200 400 600 800 200 400 600 800
Time Time
(c) (d)
Active NPF Active NPF
Pulse :
, Exotic
Train

200 400 600800 | 200 400 600 800
Time Time

® Kymograph = (x,t) plot
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Use LPA to map
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Actin VVave
LP-System

Ay = f(A', I8, F),
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Actin VVave
L P-System
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Actin VVave
LPA

® Applying NPF conservation.
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Actin VWave LPA

H=Hopf
Bifurcation | e PBranch Points are

retained from wave
pinning.
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Actin VWave LPA

Oscillatory
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Questions!

® How do the positive and negative feedback
loops interact to initiate patterning?
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LPA + Simulation

® Curve =2
parameter Hopf
continuation.
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LPA + Simulation

+ = Reflecting VWaves
O = Reflecting VWaves

* = Woave Trains
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LPA + Simulation

® |nside the fish
tail, patterning
arises from

Jinstability.
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Patterning Region

® Feedback is
necessary for

- patterning, but t
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Static to Dynamic
Transition
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® |ncreasing feedback yields a progression from
static, to dynamic, to no patterning.
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Wave Trains
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® VWave trains, indicative of target waves (in
2D), only occur inside the fish tail

Monday, 14 May, 12



Conclusions

® GTPase Ilke kinetics coupled W|th F-actin
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Conclusions
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Conclusions

® The inclusion of a WP model (ie.
conservation) as the ‘wave generator’ in the
FitzHugh Nagumo framework yields
substantially different behaviour.
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Conclusions

® The inclusion of a WP model (ie.
conservation) as the ‘wave generator’ in the
FitzHugh Nagumo framework yields
substantially different behaviour.
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Conclusions

® The inclusion of a WP model (ie.
conservation) as the ‘wave generator’ in the
FitzHugh Nagumo framework yields
substantially different behaviour.

. 4 - mt - - ‘ . a2
) A o ¥ A ] » - 0 - i wh e 4 y -
iy — & - bu ’*\ RiAgly r 1 S 05 o . - ) O o - - =S bt D B - e .
el 1A —— (7O 4 - . < 9 N sl N b i~ — ~ P N 3 ‘ h e, O y
v, i P = -4, > U a’ — P 4 4-\ ‘,\, y e y ~ a X il a\ s > - D¢ e | 4 L5

Monday, 14 May, 12



Conclusions

® The inclusion of a WP model (ie.
conservation) as the ‘wave generator’ in the
FitzHugh Nagumo framework yields
substantially different behaviour.
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Conclusions

® |ncreasing levels of feedback lead to a

transition from static to dynamic behaviour
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