
112 APS SCIENCE 2014

Fig. 1. a) A complex structure containing Mus81 (cyan) Eme1 (pink) bound to a 3′ flap DNA. The DNA
strand to be cut is shown in yellow, the 5′ end (orange) is shown in the 5′ binding pocket (blue dotted
circle) and the complementary DNA strand is shown in green. The wedge is shown as a black dotted
circle. b) A 90° rotated view of 1a. On the right and left of the wedge, the 5′ junction of the 5′ end
junction strand and the 3′ end of the strand to be cut are placed at the 5′ end binding pocket and
the active site, respectively.

HOW TO REMOVE TANGLES IN YOUR DNA

D NA damage is a fact of life. On any given day, an organism’s DNA will suffer

between 10,000 and 1,000,000 breaks or other damage. These problems are

repaired by enzymes in our cells that fix the breaks, remove errors, and maintain

the integrity of the genome. One of these DNA repair enzymes acts as a kind of molecular

scissors to cut DNA at damage points and resolve tangles that can form when things go

wrong. This must be done with great specificity in order to restore the DNA code to its previous

state and not generate mutations. Researchers utilizing the APS and the Pohang Accelerator

Laboratory in South Korea solved the structure of one of these molecular scissor proteins,

called Mus81-Eme1, in a complex with DNA. Their analysis reveals the elegant way the

enzyme recognizes, positions, and cuts the DNA, and then secures the two ends to avoid a

new tangle and furthers our understanding of the mechanisms of DNA repair, with positive

implications for fields such as reproduction, cancer, and aging.

19-ID-D • SBC-CAT • Life sciences • Macro-
molecular crystallography, multi-wavelength
anomalous dispersion, subatomic (<0.85 Å)
resolution, microbeam, ultra-low-temperature
(15K), large unit cell crystallography, single-
wavelength anomalous dispersion • 6.5-19.5
keV • On-site, remote, mail-in • Accepting gen-
eral users •



ARGONNE NATIONAL LABORATORY 113

end into the active site. 
The team validated their model in

two ways. First, they confirmed reduced
enzyme activity in mutant versions of
Mus81-Eme1 based on structure model
predictions. Second, in experiments in
which they labeled both ends of the
DNA with fluorescent tags, the addition
of Mus81-Eme1 resulted in the two
ends of the DNA moving closer to-
gether, supporting the bending forma-
tion in the structure.

What’s next? Because endonucle-
ases like Mus81-Eme1 are responsible
for repair of some of the most complex
types of DNA damage, when these are
not repaired due to a malfunction of an
endonuclease, serious developmental
and genetic disease can occur. The
next step for the team will be to study
the structures of other members of this
endonuclease family, including one in-
volved in a disease called Fanconi ane-
mia, in order to provide a frame-work
for curing these diseases.  

— Sandy Field
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Rosalind Franklin was a bril-
liant x-ray crystallographer whose
photograph of a fiber of DNA
[above] was critical to James Wat-
son and Francis Crick's discovery
of the double helix. Her x-ray stud-
ies of DNA provided data that
helped to bring into being the theo-
retical model constructed by Wat-
son and Crick. 

Her colleague at King's Col-
lege, Maurice Wilkins, showed her
photograph of the “B” form of DNA
to Watson early in 1953, when she
was preparing to leave King's to
start a new project at Birkbeck Col-
lege, London. Watson describes
his reaction in The Double Helix:
“The instant I saw the picture my
mouth fell open and my pulse be-
gan to race... the black cross of re-
flections which dominated the pic-
ture could arise only from a helical
structure... mere inspection of the
x-ray picture gave several of the vi-
tal helical parameters.” � The lab-
oratory notebooks in which
Franklin set out her findings and
noted her own thoughts about the
structure� contain annotations
made ten years after her untimely
death by her colleague Aaron Klug,
who published a paper in Nature in
1968 showing that she had been
ahead of Watson and Crick in es-
tablishing key parameters of the
structure. 

DNA was only an interlude in
Franklin's career. She had made
important contributions to the study
of carbon at the British Coal Utili-
sation Research Association; sub-
sequently she used her skills to re-
veal the hollow centre of the
tobacco mosaic virus particle, and
to trace the helical form of its ge-
netic material within this cylinder.

Excerpted from: “Codebreakers:
Makers of Modern Genetics, The Ros-
alind Franklin papers,” the Wellcome
Library, http://wellcomelibrary.org

Most genes that have been found
to affect lifespan are involved in DNA
repair. If breaks and other DNA dam-
age are not repaired, disease can re-
sult from adverse effects on normal
gene expression and cell division func-
tions that are critical to life. 

One type of enzyme involved in
DNA repair is a molecular scissors
called an endonuclease. Mus81-Eme1
is one of a family of structure-selective
endonucleases responsible for resolu-
tion of complex DNA overlaps that are
the result of DNA damage. These over-
laps, or flaps, come in two different fla-
vors, 5′ and 3′ (pronounced “5-prime”
and “3-prime” in DNA parlance) de-
pending on the direction of the DNA
break that occurred. 

The researchers from the Pohang
University of Science and Technology
(South Korea) and Argonne were inter-
ested in why the Mus81-Eme1 endonu-
clease specifically recognizes only the
3′ flaps and not the 5′ flaps. To study
this, they crystallized Mus81-Eme1 in
complex with small pieces of DNA with
either 3′ or 5′ flaps and collected dif-
fraction data for the crystals at the
SBC-CAT beamline 19-ID-D at the
APS, and at the Pohang Accelerator
Laboratory. 

As one might expect for an en-
zyme that performs an important basic
DNA repair function, Mus81-Eme1
works with elegance and precision. The
team compared structures for Mus81-
Eme1 in complex with one 5′ flap DNA
and two 3′ flap DNAs. The 5′ flap struc-
ture showed that the DNA could bind to
Mus81-Eme1 but the binding did not re-
sult in cutting of the DNA. Analysis of
the 3′ flap structures revealed why. 

When Mus81-Eme1 binds to the 3′
flap DNAs it undergoes a dramatic
shape change and convertst from a
compact structure to a more open
structure (Fig. 1), unmasking a protein
domain that acts as a wedge to keep
the two cut ends separated. The 5′ end
that is not being cut is held in place by
a specialized binding pocket that keeps
the end away from the action. 

Next, Mus81-Eme1 bends the DNA
to position the 3′ end right in the active
site. Biochemically, the 5′ flaps don’t
work because the free 3′ ends don’t fit
properly into the binding pocket and so
the DNA doesn’t bend to place the 5′


