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An electron micrograph of the Flp DNA
complex is shown below

Electron micrograph courtesy of Kenneth Huffman and Steve Levene
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Goal:
Determine the topology of the DNA
segments bound by the protein Flp.

Note: We are studying the shape of the
DNA bound by the protein, NOT the
shape of the protein. Although we will not
look at the protein structure, we can get
information regarding the protein
mechanism by determining what happens
to the DNA it binds.
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Some notation:

A 2-string tangle is a 3-dimensional ball
containing two strings. Some examples:

SW               SE

NW              NE

SW               SE

NW              NE

SW               SE

NW              NE

SW               SE

NW              NENW              NE

SW               SE

(0)                              (0,0)                                (1)                             (2, 3, 4)                   a non−rational
0−tangle                   infinity tangle                   +1 tangle                     30/7−tangle                       tangle
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A tangle is rational if it is ambient
isotopic to the zero tangle allowing the
boundary of the 3-ball to move

SW               SE                      SE

                     NE

SW               SE

NW              NE

                    SE

                    NE

(0)                                    (2)                           (2, 3, 0)                      (2, 3, 4)
0−tangle                          2−tangle                    2/7−tangle                 30/7−tangle
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Tangle Examples

SW               SE

NW              NE

SW               SE

NW              NE

SW               SE

NW              NE

SW               SE

NW              NENW              NE

SW               SE

(0)                              (0,0)                                (1)                             (2, 3, 4)                   a non−rational
0−tangle                   infinity tangle                   +1 tangle                     30/7−tangle                       tangle
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Rational tangles are uniquely identified by
their corresponding continued fractions.
For example the two tangles drawn below
are equivalent since

4 +
1

3 + 1

2

=
30

7
= 3 +

1

1 + 1

−4+
1

−1+
1
−1

(−1, −1, −4, 1, 3)                                 (2, 3, 4)
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Definition: The numerator closure of a
rational tangle is a rational knot or link
(also called 4-plat or 2-bridge knot/link).

a/b

N(a/b)
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For example,

N((2, 3, 0)) = N(0 + 1

3+
1

2

) = N(2

7
)

and N((2)) = N(2

1
) = N((2))

Thus, N((2, 3, 0)) = N(2

7
) = N(2

1
) = N((2))

since 7 = 1 + 2(3)
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Rational knot/link equivalence

1bd   = 1 mod a

=

if and only if

and
a = c

Take a, c > 0.

c/da/b

N(a/b) N(c/d)
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Knots and links can be formed by taking
the numerator closure of a tangle or a sum
of tangles

A A

N(A) N(A+C)

C

A CA C+A C+

=

N( ) = trefoil knot
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Knots and links can be formed by taking
the numerator closure of a tangle or a sum
of tangles

A A

N(A) N(A+C)

C

A C

A C+A C+

=

N( ) = trefoil knot
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Knots and links can be formed by taking
the numerator closure of a tangle or a sum
of tangles

A A

N(A) N(A+C)

C

A C

A C+

A C+

=

N( ) = trefoil knot
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Knots and links can be formed by taking
the numerator closure of a tangle or a sum
of tangles

A A

N(A) N(A+C)

C

A CA C+

A C+

=

N( ) = trefoil knot
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Recombinases are proteins which cut two
segments of DNA and interchange the
ends resulting in the inversion or the
deletion or insertion of a DNA segment

=

Inverted Repeats

Direct Repeats

=
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A protein bound to two segments of DNA
can be modeled by a tangle. An electron
micrograph of the Flp DNA complex and
the corresponding tangle equations
corresponding to the electron micrograph
are shown below:

= Unlink = E

B = Unknot =

Electron micrograph courtesy of Kenneth Huffman and Steve Levene
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In general, we are solving the tangle
equations:

U B

U E

= topology
substrate

   

topology= product

f

f
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Solve:
U

Uf

f =

=

A solution:

=

=
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Solve:
U

Uf

f =

=

A solution:

=

=
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Many moves are "equivalent":
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Solve:

fU

fU =

=

No Solution

Thus, not a possible protein mechanism.
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Solve:

fU

fU =

=

No Solution

Thus, not a possible protein mechanism.

c©2002 I.K. Darcy. All rights reserved – p.17/42



Solve:

fU

fU =

=

No Solution

Thus, not a possible protein mechanism.
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not all solutions are found.

Unfortunately, when

and E =    B =
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For example,

U =

=U
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=

=
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Flp recombinase produces a spectrum of
knotted and linked products:

knot
Trefoil=              =

fU (1) fU (1)

=            =

= Unlink =

= Unknot =

U (2)

2 cat

ff EB= Unknot =

= Unknot =

U (3)

B E

U (2)

f U (3)f EB

U (4)U (4) ff EB

= Unknot =

= Unknot =

c©2002 I.K. Darcy. All rights reserved – p.21/42



I JK L M NO P P M N QR I MS
I JK L M TU

I JK L M VU
I JK L MS

W S XW U Y S Z [ Y U X S [ \ W S X U [

W S XW U Y S Z [ Y W ] S ] U I [ X^ U Y U I ] ZW ] S ] U I [_ [ \

W U X S [

M \ S` W K ` a [ \ W S` S [

W S XW S b Y ] S [ Y U X S [ \ W S X U [

W S XW S b Y ] S [ Y S XW ] S b Y S [ [ \ W U X S [
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There are an infinite number of solutions.

, then E = If B =

If B = (c1, ..., cn),

then E = (1, n− 1, c1, ..., cn)
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Electron micrograph of Flp bound to
nicked circular DNA containing inverted
repeats and corresponding tangle
equations

B = Unknot =

= Unknot =E

Electron micrograph courtesy of Kenneth Huffman and Steve Levene
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t

x
y

w

=

=
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x
y

t
w

0

=

1=

= 1
0

=
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Rational knot/link equivalence

1bd   = 1 mod a

=

if and only if

and
a = c

Take a, c > 0.

c/da/b

N(a/b) N(c/d)
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Thus we are solving

N(0 + x
y
) = N(x

y
) = N(1

0
)

N(0 + t
w
) = N( t

w
) = N(1

0
)

Thus, x = 1 and y = 0 + 1n. Hence x
y

= 1

y

And t = 1 and w = 0 + 1k. Hence t
w

= 1

w
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Electron micrograph of Flp bound to
nicked circular DNA containing direct
repeats and corresponding tangle
equations

= Unlink = E

B = Unknot =

Electron micrograph courtesy of Kenneth Huffman and Steve Levene
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w
1 =

=1
y
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+1

+1 0
1

1
0

=

=w
1

1
y

=

= 1 =y

w
1 =
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The numerator closure of the sum of two
rational tangles is a 4-plat

f/g =j/p

where dp - qj = 1

jg + pf
dg + qf
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The numerator closure of the sum of two
rational tangles is a 4-plat

1g + 0
=+1/1 1/g +1g + 1

where 1(1) - 0(+1) = 1
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4-plat equivalence

1bd   = 1 mod a

Take a, c > 0.

a = c

=

if and only if

and

N(a/b)

1/0

N(c/d)

1y+0
+1y+1
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Thus we are solving

N(±1 +
1

y
) = N(

1± y

y
) = N(

1

0
)

N(±1 +
1

w
) = N(

1± w

w
) = N(

0

1
)

Thus, 1± y = 1 and y = 0 + 1k
OR 1± y = −1 and y = −0 + 1k

Hence y = 0,±2

And 1± w = 0 and w = ±1 + 0k.

Hence w = ±1
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= Unlink = 

= Unknot =

OR

OR

OR
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= Unlink = 

= Unknot =

OR

OR

OR
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We can also divide the tangles B into two
other tangles Ub and P . Similarly, E can
be divided into the tangles Ub and R

respectively (Ernst and Sumners 1990):
EB

UPbfU U Rf bU

recombinase

B. c©2002 I.K. Darcy. All rights reserved – p.38/42



Remember our solutions are topological
recombinase

A.
recombinase

B.
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Side Note: Alternate model

U

B

U U bU bf RfP

E
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ced f f ghi

jk l mon pq U EBU = N(a/b), = N(z/v)f f

r gq st un p vt h E gq w

Uf

m q x p h f s t v

Bk

yk l c t f p s t ud x mzt q s vt h Uf

g h p f m s s p w { | pq (B, E)} p~ d mon g u pq x } x t (0, 1

n
) � �d x t x | p h { m s p g u u s t ud x mzt q s

r gq � p vt d q w gq w t h m pq x g x mzt q w p x p h f m q p w { | pq B

gq w

E g h p h g x mzt q g uk

c m w p�� q t x p� |d s r gq � q w g u u s t ud x mzt q s vt h Uf

{ | pq

ft w p u m q � g x t � t m s t f p h g s p h p g r x mzt q

= N(z/v)UU = N(a/b), ff
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