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The architecture of the NiFe-hydrogenase
was expected to be similar to that of stan-
dard NiFe-hydrogenases, but the structures
of the heterodisulfide reductase and the
overall architecture of the complex were
unknown before their study.

The complex consists of two hydrog-
enases and two heterodisulfide reductases;
a total of 28 iron-sulfur clusters in the com-
plex link the different ends of the electron
transfer chains. Most eagerly awaited was
the structure of the active-site Fe/S clus-
ters in the heterodisulfide reductase. These
active-site Fe/S clusters are mechanistically
unique as they mediate reduction of a het-
erodisulfide in two single-electron steps.
The characteristic binding sequence motif
that serves as a marker for this cluster is
found in more than 2000 protein sequences,
indicating that these Fe/S clusters are wide-
spread among anaerobic microorganisms.

Wagner et al. show that these active-site
Fe/S clusters have an, until now, unobserved
structure and function (3). [4Fe-4S] clusters
are common to proteins with various physi-
ological functions, from electron transfer
to dehydrations and iron-sensing, and typi-
cally form a cubane shape, in which each
iron is tetrahedrally coordinated by three
inorganic sulfurs and one cysteine thiolate
(8). Such cubane-type [4Fe-4S] clusters are
also predominant in the HdrABC-MvhAGD
structure, where they mediate electron
transfer. By contrast, each of the two [4Fe-
4S] clusters in the active site of heterodi-
sulfide reductase resembles a cube from
which one side has been opened, pulling
one iron and one sulfur out of the cube (see
the figure).

The authors also reveal why the noncu-
bane [4Fe-4S] clusters come in pairs. When

they soaked the HdrABC-MVhAGD crystals
with CoM-S-S-CoB, they captured different
reaction states in their structures. In one
state, CoM-S-S-CoB is split and both frag-
ments bind to the clusters, revealing how
the two Fe/S clusters act in synchrony to
split a disulfide bond.

The HArABC-MvhAGD structure also
starts to reveal some of the secrets of
electron bifurcation. The challenge of bi-
furcation is connecting the upward and
downward motion of the marbles (elec-
trons). That is, the enzyme has to gate the
electrons such that not only the spontane-
ous downward rolling occurs but also the
energy-demanding upward pull. Thus,
it has to make the easy pathway at times
slower or less favorable than the energeti-
cally more demanding reduction of the fer-
redoxin. The long distances that Wagner et
al. observed between the clusters interrupt
the electron transfer flow and are likely part
of the regulatory process, as they require
conformational changes to connect the
electron transfer chain. Future work should
explore how these conformational changes
control the coupled processes.
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Electron transfer—a marble run game
Electrons give off energy while cascading down from high energy

levels and can be boosted back up by energy sources.
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Noncubane [4Fe-4S]
clusters of heterodisulfide
reductase (Hdr). The
clusters use electron (1) to
reduce the heterodisulfide.

S (sulfur) Cys-S
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Circulating
peptide
prevents
preeclampsia

Mouse ELA has a critical role
in placental development and
function, with implications
for human pregnancy

By Robert C. Wirka and
Thomas Quertermous

reeclampsia (PE) is a devastating

complication of pregnancy that

puts both mother and child at risk

for clinical complications. In severe

cases, PE can progress to multi-

organ dysfunction and death. Char-
acterized by hypertension (high blood
pressure) and proteinuria (protein in the
urine), the syndrome occurs in up to 8%
of pregnancies. Although it is widely ac-
cepted that the pathophysiology of PE in-
volves disturbance of normal blood vessel
function in the placenta and the develop-
ment and function of the placenta, the
exact mechanisms underlying PE have
not been defined. Discovery of the causal
mechanisms in PE is urgently needed so
that early assessment of risk and thera-
peutic interventions can be developed. On
page 707 of this issue, Ho et al. (I) report
breakthrough insights into the mecha-
nisms of PE. They reveal a central role for
ELABELA (ELA), a recently discovered cir-
culating peptide ligand, in placental vascu-
lar development and PE in mice.

ELA is a component of the ELA-apelin
(APLN)-apelin receptor (APLNR) pathway.
Both ELA and APLN peptides bind the
G protein-coupled receptor APLNR, and
APLN-APLNR have been shown to regulate
fluid balance, cardiac contractility, local reg-
ulation of blood flow, and angiogenesis (the
formation of blood vessels)—all processes
that regulate delivery of blood to periph-
eral tissues (2). ELA was discovered as an
early embryonic regulator of cellular move-
ment with a critical role in migration and
development of cardiac progenitor cells (3,
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The maternal-fetal interface within the developing placenta

ELA s produced by syncytiotrophoblasts (STs), which form a barrier with cytotrophoblasts (CTs) that separate
fetal and maternal blood but allow exchange of gases and nutrients. ELA regulates fetal angiogenesis, and
possibly CT migration into maternal arteries. ELA in the maternal systemic circulation may mitigate high blood
pressure and kidney damage associated with preeclampsia.
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4). Importantly, ELA has also been shown
in rodent models to delay development of
systemic hypertension and preserve cel-
lular architecture in the kidney, an organ
that is often damaged in PE (5). Also, ELA
improved high blood pressure and cardiac
hypertrophy in the setting of pulmonary ar-
tery hypertension in rodents (6).

To investigate the developmental and
adult physiological roles for ELA, the au-
thors created and studied Ela-null mice.
They noted cardiovascular developmental
defects in many of the embryos studied,
confirming earlier findings in develop-
mental model systems (3, 4). Loss of Ela
was associated with fetal demise, espe-
cially in mothers devoid of all ELA expres-
sion. Interestingly, pregnant Ela-null mice
exhibited elevated blood pressure and
proteinuria, which were associated with
changes in the placenta and kidney, clini-
cal features that are strongly reminiscent
of PE. Characterization of cellular pat-
terns of expression of ELA and APLNR in
the placenta, and identification of cellular
and molecular defects in mice missing this
peptide, provide compelling evidence for
a central role of ELA in placental vascular
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development (see the figure).

Most interesting, from a clinical stand-
point, are the observations related to cir-
culating levels of ELA. The investigators
measured circulating peptide amounts,
which correlated with those of maternal
proteinuria as well as other PE disease
features in the placenta and kidney. These
findings suggest that measurement of cir-
culating ELA concentrations in pregnant
women, either alone or in combination
with other biomarkers that correlate with
PE, such as the circulating vascular endo-
thelial growth factor receptor called soluble
fms-related tyrosine kinase 1 (sFLT1), might
allow the identification of those women
at risk for developing PE. Early and more
definitive diagnosis of the syndrome could
improve treatment.

Furthermore, the administration of re-
combinant ELA peptide to pregnant Ela-
null mice with a PE-like phenotype was
shown to prevent proteinuria and kidney
pathology associated with PE, normalize
maternal blood pressure, and prevent fetal
weight loss without adverse effects on em-
bryonic development. Although there are
substantial differences between placental
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biology in humans versus mice, these data
suggest the attractive possibility that ELA
may be useful as a therapy for PE.

Another interesting finding in this study
is that ELA and APLN, both ligands for the
same receptor, APLNR, have very different
and possibly opposing effects on placental
angiogenesis and the development of PE.
For instance, these two peptides produced
opposite effects on placental gene expres-
sion. If ELA and APLN are both found in
the circulation and activate the same recep-
tor, what is the molecular basis for their
different functional profiles? One possible
explanation is that ELA can also activate
a second receptor, independent of APLNR.
A second possibility is that ELA and APLN
differentially engage APLNR, in a manner
that activates different downstream cellular
signaling. Both hypotheses are consistent
with the great divergence between the pri-
mary structures of the two peptides. Re-
gardless of the molecular mechanism, these
data suggest that it may be the balance of
circulating ELA and APLN peptide concen-
trations in the setting of pregnancy that is
important for the risk of PE.

The most obvious question is whether
these findings apply to humans. The au-
thors show that ELA is expressed by simi-
lar cell types in the human placenta and
that treatment of a human trophoblast-like
cell line (trophoblasts form the placenta)
with ELA leads to increased invasiveness,
a property that aids in placental blood
supply. Intriguingly, ELA is detected in the
plasma of men and nonpregnant women
(6). Thus, there is a clear need to study the
behavior of plasma ELA in humans and to
determine the association of plasma ELA
concentrations with both PE and its risk
factors (such as obesity, hypertension,
diabetes, and renal disease) in human
patients. A causal role for ELA in PE in
humans could be further studied through
Mendelian randomization, in which ge-
netic factors determining plasma ELA
concentrations are tested for their associa-
tion with PE. Finally, it will be important
to integrate ELA into known molecular
pathways in the placenta, for instance, the
pathway including the angiogenesis-asso-
ciated factor sFLT1. Such work will further
guide the possible implementation of ELA
in the clinic.
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