T HE P ROTEIN IS G REATER T HAN
THE S UM OF I TS D OMAINS

Fig. 1. The multi-domain structural organization of the homodimeric hNF-4
nuclear receptor; each member of the dimer is shown, one in yellow, one in
orange bound to its DNA response element (green).
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ver the past few decades, eliminating technical obstacles has allowed
researchers to solve the three-dimensional structures of ever-larger
molecules. now, it is possible to solve the structures of large complexes and understand the subtleties of the interactions between the different parts
of the complex. this is exemplified in recent studies by researchers from the Sanford-burnham medical research institute and Argonne. in work completed at the
APS, they solved the structure of the hepatocyte nuclear factor 4 (hnF-4) in
complex with its dnA recognition site and activating cofactors. elucidation of the
structure of the hnF-4 complex provides new insights into how protein domains
interact with each other over large molecular distances and suggests ways in
which the hnF-4 protein complex could be targeted for treatment of metabolic
conditions, such as maturity-onset diabetes of the young, type 1, a rare type of diabetes; and a condition called hyperinsulinemic hypoglycemia, both of which are
caused by mutations in this gene.
hnF-4 is an important regulator
of genes involved in the way our bodies
metabolize lipids and sugars. this is
highlighted by the fact that the dnA sequence that hnF-4 recognizes is
present in an estimated 40% of liver
genes and 11% of pancreatic genes.
mutations in hnF-4 have been associated with a rare form of diabetes
called maturity onset diabetes of the
young (mody) and a condition known
as hyperinsulinemic hypoglycemia in
which the body makes too much insulin.
hnF-4 acts as a complex that
consists of two copies of the protein,
each one with a dnA-binding domain
and an activator-binding domain. What
is not clear, however, is how the complex is regulated by the metabolic
events that it responds to. in order to
address this question, rastinejad’s
team crystallized hnF-4 in a complex
with a small piece of dnA containing
the hnF-4 recognition site and its required activator peptides.
What they found was surprising.
First, although the three-dimensional structure derived from x-ray diffraction data collected at the Sbc-cAt
19-id-d beamline shows that the two
dnA-binding domains interact with the
dnA recognition elements as expected,
complex interactions between one of
the dnA-binding domains and the two
activator-binding domains results in an
asymmetric organization of the complex that straddles only one of the dnA
binding sites rather than both as previously thought (Fig. 1). Further experiments showed that high-affinity dnA

binding is only possible when these
three domains are present.
Second, when the research team
looked at two amino acids that are
known to act as “on/off” switches for
hnF-4 binding to dnA, they found
that the sites were curiously distant
from dnA in the complex. the structure
of the complex shows that when the on
switch, Arg 91, is modified, it acts at the
cooperating surface between the two
activator-binding domains to “glue”
them to the dnA binding domain and
ensure high affinity binding. the off
switch, Ser 78, is located on the
“wrong” side of the dnA-binding domain to interfere directly with dnA binding, but acts at a distance by interfering
with an amino acid involved in the cooperation between the activator-binding
domains and dnA-binding domain.
the team hypothesize that the interface between the four domains of the
dimer creates a domain convergence
center that receives and propagates
signals to finely control gene expression. their work shows that the threedimensional configuration of the protein
on dnA creates a setting in which identical subunits act within unique environments, a finding that would never have
been possible with the structures of individual subunits.
this highlights the idea that, although previous structures of the domains of these proteins were
informative, one cannot simply extrapolate that the domains work in a linear
“domains-on-a-string” orientation in the
full complex.
more practically, examination of

mutations that have been identified in
patients with maturity-onset diabetes of
the young, type 1, and hyperinsulinemic
hypoglycemia showed that some of
them also appear to act from a distance
through the domain convergence center. — Sandy Field
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