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Holl iday junct ion funct ions

Nature uses DNA?s double helix to store 
the blueprints of all living forms, drawing 
on a four-let ter alphabet of nucleot ides. 
Researchers in the field of DNA 
nanotechnology seek to emulate and even 
extend the possibilit ies of DNA 
architecture beyond what nature has 
created. One basic building block used in 
the fabricat ion of many DNA nanoforms is 
known as a Holliday junct ion. This nexus of 
two segments of double-stranded DNA has 
been used to form elaborate, self-
assembling crystal lat t ices at the 
nanometer scale.

In this work, researchers studied the 
characterist ics of 36 variants of the 
Holliday junct ion. They found that the 

effect iveness of a given variant for 
construct ing crystalline nanoarchitectures 
is sensit ively dependent not only on the 
arrangement of the four nucleot ide pairs 
forming the junct ion, but also on sequences 
forming the junct ion?s four ?arms? and the 
presence of ions captured within them. The 
result ing expanded set of DNA building 
blocks enables the precise arrangement of 
molecular components at the nanoscale.

A mult ipur pose cr ystal scaffold

The foundational goal of structural DNA 
nanotechnology is to rat ionally design 
self-assembling 3D crystals with DNA 
junct ions. These scaffolds could one day 
enable scient ists to posit ion proteins, 
pept ides, small molecules, and 
nanopart icles into regular arrays, 

bypassing standard crystallizat ion 
screening methodologies for a host of 
target molecules that could not otherwise 
be crystallized for structural studies at 
atomic resolut ion. These DNA scaffolds 
could also be used as molecular sponges 
that ?absorb? targets, whether for the 
site-specific posit ioning of proteins 
involved in enzyme cascades or to orient 
various nanopart icles for nanoelectronics 
or nanophotonics applicat ions (e.g. 
nanoantennas, metamaterials, and 
single-molecule sensing).

Systemat ic st r uctur e studies

Here, researchers conducted the first  
systematic study of Holliday junct ions for 
self-assembled DNA crystals using x-ray 
crystallography at Berkeley Center for 

Scient i f ic 
Achievement
Using x-ray crystallography 
performed in part  at the Advanced 
Light Source (ALS), researchers 
studied 36 DNA-based molecular 
junct ions and discovered factors 
that yield superior self-assembled 
3D latt ice structures.

Signi f icance 
and Impact
The work expands the set of building 
blocks for lat t ices that can scaffold 
molecules into regular arrays, from 
proteins for structure studies to 
nanopart icles for nano-antennas 
and single-part icle sensors.

Top: During genet ic recombinat ion or DNA repair, a Holliday junct ion forms between two separate 
st rands of DNA. Bot tom: Schemat ic representat ions of the 36 Holliday junct ion variants studied in 
this work, showing the four nucleot ide pairs at  the core of each. (DNA illust rat ion credit : Shireen 
Dooling/Arizona State University)

An Expanded Set  of DNA Bui lding 
Blocks for  3D Lat t ices



Structural Biology (BCSB) Beamline 5.0.2 
at the ALS, as well as at the Advanced 
Photon Source and the National 
Synchrotron Light Source II. 
Crystallography experiments with 
self-assembling DNA crystals have been 
conducted at BCSB beamlines since 2012, 
yielding several novel DNA crystal 
scaffolds that provided the foundation for 
the work described here. The current 
comprehensive study determined 134 
unique crystal structures, about half of 
which (68) were solved direct ly from data 
obtained at the ALS. The sheer volume of 
the data collected required years of 
allocated beam t ime at BCSB beamlines.

An expanded DNA toolki t

For decades, one Holliday-junct ion 
nucleot ide sequence (?J1?) had been used 
for all self-assembling DNA crystal systems 
because it  was init ially described as the 
most energet ically favorable. In this study, 
however, researchers ident ified a host of 
superior junct ions that not only improve 

resolut ion but also control crystal 
symmetry. Unexpectedly, it  turns out that 
nucleot ides adjacent to the junct ion can 
have a significant effect on lat t ice 
architecture as well as on resolut ion. In 
addit ion, six junct ion sequences were 
found to be completely resistant to 
crystallizat ion. Molecular dynamics 
simulat ions revealed that these junct ions 
invariably lack two ion-binding sites that 
are pivotal for crystal formation.

Efforts are current ly underway to 
rat ionally design new crystal systems with 
varying symmetries for host ing guest 
materials. More broadly, the knowledge 
gained from this work expands the toolkit  
for the molecular engineering of 
DNA-based platforms for applied 
nanoelectronics, nanophotonics, and 
catalysis. 
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Small differences in junct ion angles determine global lat t ice symmetry. (a) Superimposed st ructures 
of J5 (tan) and J3 (red) junct ions. No significant ly obvious visual differences are apparent . 

(b) Snapshot  of the full J5 lat t ice containing an aperiodic array of cavit ies which would not  be 
amenable for scaffolding of guest  molecules of any appreciable size. (c) Snapshot  of the full J3 lat t ice 
reveals dramat ically different  arrays of large periodic cavit ies compared to its J5 counterpart .
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