
Polymer Models of Topological Insulators

Citation
Doyle, Boryana, Maxim Imakaev, Geoffrey Fudenberg, and Leonid Mirny. 2013. Polymer models 
of topological insulators. Epigenetics & Chromatin 6(Suppl 1): P127.

Published Version
doi:10.1186/1756-8935-6-S1-P127

Permanent link
http://nrs.harvard.edu/urn-3:HUL.InstRepos:11732108

Terms of Use
This article was downloaded from Harvard University’s DASH repository, and is made available 
under the terms and conditions applicable to Other Posted Material, as set forth at http://
nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA

Share Your Story
The Harvard community has made this article openly available.
Please share how this access benefits you.  Submit a story .

Accessibility

http://nrs.harvard.edu/urn-3:HUL.InstRepos:11732108
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://osc.hul.harvard.edu/dash/open-access-feedback?handle=&title=Polymer%20Models%20of%20Topological%20Insulators&community=1/1&collection=1/2&owningCollection1/2&harvardAuthors=49c5f051252fc4f553fd80f71cf0f58d&departmentPhysics
https://dash.harvard.edu/pages/accessibility


POSTER PRESENTATION Open Access

Polymer models of topological insulators
Boryana Doyle1*, Maxim Imakaev2, Geoffrey Fudenberg3, Leonid Mirny2,3,4

From Epigenetics & Chromatin: Interactions and processes
Boston, MA, USA. 11-13 March 2013

Background
The classic model of eukaryotic gene expression requires
spatial contact between a distal enhancer and a proximal
promoter. To control gene expression, various models of
enhancer-blocking insulators have been proposed, includ-
ing a decoy model and a topological model [1]. The decoy
model suggests that the enhancer or the promoter inter-
acts with an insulating element to prevent enhancer-pro-
moter interactions. The topological model suggests that
two or more insulating elements interact with each other
to form loops. An outstanding question in the field is
whether the topological model is effective at preventing
enhancer-promoter interactions.

Materials and methods
Here we use the polymer model of chromatinized DNA
and simulations of Brownian polymer dynamics to study
the topological model of enhancer-blocking insulators. We
consider one- and two-loop topological elements and
assess spatial contacts between various regions of DNA
induced or suppressed by an topological elements.

Results
We find that a loop formed in the region between an
enhancer and a promoter in fact facilitates enhancer-
promoter contacts and does not act as an enhancer-
blocking insulator. However, we find that sequestration
of an enhancer (or promoter) within a loop is a plausible
mechanism for topological insulators. Both the facilitat-
ing and insulating effects of topological elements are
more dramatic with two-loop elements.

Conclusions
Our polymer simulations demonstrate that the loop-
forming topological elements are capable of both facili-
tating and insulating enhancer-promoter interactions.

We note that the biological model of insulator activity
around H19 and Igf2 genes in mouse liver cells pre-
sented by Kurukuti et al. [2] is a specific realization of
the two-loop topological insulator discussed here. Our
simulations show that the polymeric nature of chroma-
tin is essential for modulating the action of topological
insulators that modulate contact frequency between pro-
moters and enhancers.
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