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“Path of DNA within the Mu Transpososome: Transposase

interactions bridging two Mu ends and the enhancer trap WAD

supercoils”

S. Pathania, M. Jayaram, R. Harshey, Cell 2002

Mu Transpososome = 3 strands of DNA + proteins

Question

What is the 3-dimensional structure of the Transpososome?



Cre Recombination Enzyme

Cre aligns twdox p sites from DNA, cuts and reglues at these sites.

lox p

§ () (R

lox p

Inversion: lox paligned on DNA so that the result is a single circle
(knot)



lox p

— .
lox p
Deletion: lox paligned on DNA so that the result is 2 circles

(catenane, link)

“Cre traps interdomainal crossings”



Idea: Use Cre to “trap” Mu Transpososome con guration
(1) Insertlox p sites on both sides of the E strand in DNA
(2) Form Transpososome
(3) Let Cre act. Record knotted, linked products

(4) Repeat at the L and R strands. From these products deduce

Transpososome con guration (Difference Topology)






E L R in trans
Inversion| (+)-trefoil trefoll 5-crossing knog trefoll
Deletion | (2,4)-torus| (2,4)-torys  (2,4)-torus (2,2)-®ru
link link link link

In cis experiments: R, L, E strands all on circular DNA.
In trans experiments: R, L strands on circular DNAR, L separated

by lox p. Transpososome formed wihon separate segment. Cre

—
lox p

acts. Products recorded.



PJH conclude:
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PJH conclude:

&
S

L-inversion = trefoil L-deletion = (2,4) torus

&
&

R-inversion = (2,5) torus R-deletion = (2,4) torus

)
&9

E-inversion = trefoil E-deletion = (2,4) torus

&
&

in trans-inversion = trefoil in trans-deletion = Hopflink
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PJH argument: Assume

(1) Cre introduces at most one crossing in recombinatiore(sion,

000

(2) Transpososome is “branched supercoiled”

Y 9

deletion)



= O n3+n2+1:4
QN

(2,4) - torus link
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= O n3+n2+1:4
QN

(2,4) - torus link

8
3 < m+np+l1l=4
deletion ny+ n3+ 0= 4 =) nm=1 n=n=2
products nm+ ng+ 1= 4

=) PJH
solution
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Branched supercoiled assumption
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Branched supercoiled assumption

Bevo

University of Texas mascot
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Knot-theoretic question: If don't assume branched supercoiled
structure, are there other possibilities? If so, what cansay about

them?
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Knot-theoretic question: If don't assume branched supercoiled
structure, are there other possibilities? If so, what cansay about
them?

Yes:



) D
(2,4) - torus lini

E - deletion

()
(2,4) - torus linl

L - deletion
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Biologically unrealistic:
1) Mechanically unreasonable

2) Too complicated for the length of DNA strands
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Biologically unrealistic:

1) Mechanically unreasonable

2) Too complicated for the length of DNA strands
Question

Is the PJH solution the only biologically reasonable one?
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Biologically unrealistic:

1) Mechanically unreasonable

2) Too complicated for the length of DNA strands
Question

Is the PJH solution the only biologically reasonable one?

Yes.
Theorem (DVL)

1) PJH solution is only rational tangle solution

2) Any other solution has 9 crossings (PJH has 5)
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Rational Tangle can be deformed to @ allowing ends to

move (i.e., free isotopy)

B-@- Q-
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Characterization of solutionsT to PJH experiments

unknot (2,4)-torusihk

Y Hirosawa-Shimokawa (2000)

G-

i.e., T satis es E-deletion iff capping off the L-R end &f (and
pushing to interior of ball) gives 4/1-tangle on two strir{gs., two

parallel strands with 4 twists).
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De nition

A 3-string tangleT is called a
solution tangleff the following
conditions are satis ed.

OLOLOL0

D @ D&
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De nition

A 3-string tangleT is called a
solution tangleff the following
conditions are satis ed.

Theorem

T models the PJH experiments
iff T is a solution tangle.

Hirosawa-Shimokawa

OLOLOL0

D @ D&
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De nition

A 3-string tangleT is called a
solution tangleff the following
conditions are satis ed.

Theorem

T models the PJH experiments
iff T is a solution tangle.

Hirosawa-Shimokawa

Reformulation: What can you
say about solution tangles?

OLOLOL0

D @ D&
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Solution Tangle = Solution Graphs

T asolution tangles) graphGr:

Example: T = PJH

A graph in a ball iplanar iff it can be deformed (isotoped) to lie in a
disk in the ball.

De nition

Example: T PJHtanglg Gy is planar.
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Gr encodes conditions foll  to be a solution tangle:

@‘@#@‘@;@a

() Gr eplanari=1;2;3

RACASRY,

G, -bzzplana

() Gt byzplanar
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De nition
G B?is awagonwheel grapif it is a proper embedding of

bo3

€

De nition
A solution graph G, is a wagonwheel graph with
() G gplanar, i=1;2;3

() G Dbyzplanar
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Solution Graph — Example

planar

B ‘ : @ -
‘ : ‘ "



31

De nition

Let G be a wagonwheel graph. A 3-string tandlds carried by Gif

it sits in a neighborhood d& as pictured.

Example

@ @

G planar 7 =PJH
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De nition

Let G be a wagonwheel graph. A 3-string tandlds carried by Gif

it sits in a neighborhood d& as pictured.

Example
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Solution tangle carried by G

7 = exotic
solutiol
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Solution tangle carried by G

7 = exotic
solutiol
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0
1-1
Furthermore, T PJH tangle)  Gr is planar.

Solution tangles solution graphs.

Earlier constructions + linking number calculation copasding to

PJH calculation (branched supercoiledPJH tangle).
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Recap: T satis es PJH experiments
m
T solution tangle
m
Gt is solution graph

each deletion experiment corresponds to planarit@pof e for

some edge.

T PJHtangle | Gt planar
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Rational solution tangle = PJH

T tangle in ballB®
X(T) = exterior of T in B® = B3-(thickening ofT)

o
(&) =(=
G-

7 rational

T rational) X(T) hascompressible boundary

i.e., X(T) containsessentiadisk (topological invariant)
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X (G7) X(7)

T rational : X(Gt) = X(T) has compressible boundary

Planarity Theorem for Graphs (Scharlemann-Thompson,
Thompson)

G graph in 3-ball
G planar iff
(1) X(G) has compressible boundary

(2) G eis planar for each edge e of G
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T rational solution tangle T is PJH tangle

Need to showst planar.

Apply Planarity Theorem for Graphs:

T rational : X(Gr) has compressible boundary

T solution tangle Gr e planar except whea= biy; bys.
Lemma below .Gt  bip, Gt byg planar

) Gy isplanar.
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Lemma

T rational, solution tangle Gt  biz, Gt byz planar.

Proof.

T rational) X(Gr b12), X(Gr  by3) have compressible
boundary.

Apply Planarity Theorem for Graphs & by, Gt bis.
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ShowGt

b1, planar:

eubys
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ShowGr  byp planar:

(1) X(G  byp) compressible boundary

eubys
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ShowGr  byp planar:

eubys

Gr Gr b

(1) X(G  byp) compressible boundary

(2) Observation:

Any subgraph of planar graph is planar
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ShowGr  byp planar:

eubys

Gr Gr b

(1) X(G  byp) compressible boundary

(2) Observation:
(Gr  Dby)
(G b

(G b

Any subgraph of planar graph is planar

(e2[ b2s) G e planar
(bs1[ 1) G e planar
es G eplanar
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ShowGr  byp planar:
eubys

Gr Gr b
(1) X(G  byp) compressible boundary
(2) Observation:  Any subgraph of planar graph is planar
(Gr b)) (&2 bs) G e planar
(G b)) (bsi[ &) G e planar
(G b)) e G egplanar

QD) +@) Gr Dbypplanar
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Conclusion:

Solution graphs are an ef cient way of encoding the resulthe
difference topology experiments.

1) Helps clarify assumptions needed to deduce con guration

2) Helps clarify what experiments need to be done
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Conclusion:
Solution graphs are an ef cient way of encoding the resulthe
difference topology experiments.
1) Helps clarify assumptions needed to deduce con guration
2) Helps clarify what experiments need to be done
e.g.

a) Only deletion experiments for our conclusions

b) there are solutions that satisfy in cis but not in trans

c) there are rational solutions that satisfy 2 in cis (deletion

inversion) and 2 in trans (deletion + inversion) but are niit P
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Corollary

There are in nitely many solution tangles other than PJH.

Proof.

Construct in nitely many solution graphs. Given one sadatigraph

we can construct a new one by adding a “Brunnian” section:
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Assume
O\

1) Cre acts by unknotted banding (any number of twists)
2) Cre interacts wittox p sites but not the third segment
i.e., | Forbidde )

e

®
L ®)
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Framing

By adding twists to tangles at the ends we can assume WLOG that

1)

2) Cre acts without twists in the deletion experiments (pkagtrans)

e
Cre

deletion

Remark

This is different from PJH conventions, but equivalentfédi by

twist in L, E ends)
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()
This is not trivial: (L

U unknot

U (2,5)-torus

)

But
>

7



