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Where’s the Problem?
•Each one independent
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Where’s the Problem?
•Each one independent

•They act in a highly coordinated fashion

•What keeps them together?

What produces the correlation in dynamics?:

• For replisome: What produces the bound state?

Y-fork?:
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helicase

Helicase: A motor on DNA, moves towards the zipped phase of
DNA and unzips it.

A helicase maintains the two strands at a separation larger than
the zipped state.

Helicase: a fixed distance ensemble

- not the complete story
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RecG

Nick or Lesion on the leading strand

Stalled fork
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RecG

Nick or Lesion on the leading strand

Stalled fork

RecG mediated fork reversal to a “chickenfoot” intermediate

[cell 107, 79 (2001)]
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Questions..
Is there a common approach to address the difference
between

standard helicase going from unzipped to zippped phase -
opening of Y-fork

and
RecG moving from zipped to unzipped phase - Y-fork
reversal?
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Ensembles and Unzipping transition
fixed force ensemble:

g

Free energy

FN (g, T )

〈x〉 =
∂FN (g, T )

∂g
.

fixed distance ensemble:

N−l
l

x

Free energy:

FN (x, T )

〈g〉 =
∂FN (x, T )

∂x
.
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Ensembles and Unzipping transition-II

Existence of a force induced unzipping transition - FIRST order

competition between monomer attraction and bond orientation
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Ensembles and Unzipping transition-III
fixed force ensemble:

Unzipping transition at
g = gc(T )

Zipped state for g < gc(T )

Unzipped state for g > gc(T )

fixed distance ensemble:

For x > bound state separa-
tion =⇒ phase coexistence.

Such a co-existing state is
the Y-fork

interface =⇒ “Y-junction”.
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Ensembles and Unzipping transition-III
fixed force ensemble:

Unzipping transition at
g = gc(T )

Zipped state for g < gc(T )

Unzipped state for g > gc(T )

fixed distance ensemble:

For x > bound state separa-
tion =⇒ phase coexistence.

Such a co-existing state is
the Y-fork

interface =⇒ “Y-junction”.

N−l
l

x

Hypothesis: Effect of helicase is to set the interface in motion
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free energy
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RecG
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motion
Local instability at the interface

Can there be a moving front?

Is there a velocity selection?
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motion
Local instability at the interface

Can there be a moving front?

Is there a velocity selection?

Similar to Fisher-Kolmogorov problem (1937) -
but there is no bulk instability.

∂φ

∂t
=
∂2φ

∂z2
+ f(φ), f(φ) = φ(φ−

1
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Boundary condition: φ(−∞) = 1, φ(+∞) = 0
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Goldstone Mode and Helicase
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Goldstone Mode and Helicase

 0

 1

 0 z

Given BC: there is a Goldstone
mode: z0 arbitrary
A static Helicase kills the mode:

chooses z0

Helicase motion or Y-fork motion =⇒ propagating front:
φ(z, t) = Φ(z − ct)? , c:velocity

∂φ

∂t
=
∂2φ

∂z2
+ φ(φ−

1

2
)(1 − φ)+hφ(1 − φ)

Choose: h(z, t) = H((z − ct)/W ), H(z) 6= 0 for |z| < 1.
Better choice: implicit definition: h 6= 0 for |φ− φh| ≤ δφw
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Perturbation
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φ = φ0(z) + δφ(z − ct, t)
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Perturbation
[
∂

∂t
−
∂2

∂z2
− f ′(φ0)

]

δφ = δf(φ0)= hφ0(1 − φ0)

Solution: Use Green’s function:

δφ =

∫ t

t0

dt′
∫

∞

−∞

G(t, t′, z, z′) δf(φ0)

But, φ(z, t) = φ0(z) + δφ(z − ct)

For small c, δφ = dφ0

dz
(t− t0)c
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Velocity and Goldstone mode
Green’s function: eigen function expansion

[
∂2

∂z2
+ f ′(φ0)

]

ψn = Enψn
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Goldstone mode gives one En = 0: (φ
′′
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δφ =
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dz
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∫
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∫

[φ′0(z1)]
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Using the implicit form, c = D∆F
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, E0: kink energy

c > 0 - we do get a propagating front
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a “gaussian” variable y for this extra competing field.
It interacts with the interface (dφ/dz)

F{φ} =

∫

dz

[

D

2

(
∂φ

∂z

)2

+ F (φ)+2λy
∂φ

∂z
+Ky2

]

(K > 0)

ICTP, Sept 2008 – p.17/27



Model for RecG
RecG similar to other helicases

but no obvious “destabilizing” attitude.

Speciality: Competition with the broken pairs at interface.

a “gaussian” variable y for this extra competing field.
It interacts with the interface (dφ/dz)

F{φ} =

∫

dz

[

D

2

(
∂φ

∂z

)2

+ F (φ)+2λy
∂φ

∂z
+Ky2

]

(K > 0)

Instead of coupled dynamics, an effective “hamiltonian”

ICTP, Sept 2008 – p.17/27



Model for RecG
RecG similar to other helicases

but no obvious “destabilizing” attitude.

Speciality: Competition with the broken pairs at interface.

a “gaussian” variable y for this extra competing field.
It interacts with the interface (dφ/dz)

F{φ} =

∫

dz

[

D

2

(
∂φ

∂z

)2

+ F (φ)+2λy
∂φ

∂z
+Ky2

]

(K > 0)

Instead of coupled dynamics, an effective “hamiltonian”

ICTP, Sept 2008 – p.17/27



Effective Model for RecG
Integrate out y, redefine the elastic constant:

F{φ} =

∫

dz

[

D′

2

(
∂φ

∂z

)2

+ F (φ)

]

with D′ = D − λ2/K.
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Perturbation
Dynamics:

∂φ

∂t
= D

∂2φ

∂z2
−
∂4φ

∂z4
−h

∂2φ

∂z2
+ φ(φ−

1

2
)(1 − φ)
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What produced the minus sign?: monotonicity of φ0.
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Helicase Profile
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Helicase velocity
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Velocity -II
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RecG profile
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RecG velocity
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Summary
Destabilization of the interface : a possible mode for reverse
motion of RecG and Y-fork

Replication to be analysed in a frame moving with the Y-fork.
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"dhonnobad" - thank you in Bengali
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