
Multicellular organisms use a balance
of secreted growth-factor proteins
and their inhibitors to coordinate 

cell behaviour, thereby regulating the devel-
opment of embryos and maintaining the 
status quo in adult tissues. On page 636 of
this issue, Groppe and colleagues1 describe
the structure of one such growth factor, 
bone morphogenetic protein 7 (BMP-7), in 
a complex with its inhibitor, the Noggin 
protein. This is the first glimpse of a member
of the BMP family bound to its antagonist,
and it shows that Noggin has a strikingly
similar structure to that of the growth 
factor it inhibits. This surprising observation
implies that the two proteins may have arisen
from a common ancestral gene.

If single-celled embryos are to accurately
and reproducibly grow and develop into
multicellular adult animals, the cells that are
generated during this process must coordi-
nate their proliferation, movement, special-
ization and even death. This teamwork
requires that cells talk to each other, and one
way in which they do this is to emit and
respond to both short-range and long-range
signals that direct cell behaviour. Some of the
major signals are the secreted growth-factor
proteins, of which one class is the transform-
ing growth factor-� (TGF-�) superfamily.
The BMPs form a subgroup of this super-

family that was first defined on the basis of an
unusual biological activity: when implanted
in a suitable matrix, BMPs can induce bone
formation in muscle2. In addition to being
key regulators of bone and joint formation,
however, these proteins regulate a vast array
of other processes, both during development
and in adults3.

Each BMP is composed of two identical
proteins (monomers), which are linked into
a dimer by means of disulphide bonds
between cysteine amino acids. The BMPs
work by binding to a receptor complex that is
found on the surface of almost all normal
cells, and is composed of so-called type I and
type II receptors. Structural studies1,4,5 have
indicated that each monomer of a BMP (and
of TGF-� itself) can connect to both the 
type I and the type II receptor (Fig. 1a). This
arrangement probably supports the assem-
bly of a tetrameric receptor complex, com-
prising two type I receptors and two type II
receptors (Fig. 1b), which is essential for
transducing the signal into the cell.

Secreted growth factors such as BMPs 
are powerful regulators of cell function. But
they are also independent agents that do not
discriminate among the cells with which
they come into contact. Consequently, an
elaborate network of secreted inhibitors is
used to ensure that growth-factor activity is

restricted to the right place, the right time
and the right cell types. In this way, a devel-
oping organism keeps its growth factors on a
tight leash. Several types of BMP inhibitors
are found in vertebrates (see references in ref.
1). One of these is Noggin. As the name
might suggest, this protein affects head
development: it was discovered in screening
tests for genes that could ‘rescue’ head for-
mation in embryos of the African clawed
frog (Xenopus laevis) that had been pretreat-
ed to prevent normal head development6.
Only one Noggin gene has been found so far
in mammalian genomes, but it is essential in
humans: mutations in just one of the two
copies of the gene lead to skeletal dysplasias
(developmental disorders of the bone and
cartilage) that are characterized by joint
fusions7. So, understanding how antagonists
such as Noggin function at the molecular
level is an important topic in both develop-
mental biology and human disease.

Groppe et al.1 determined the structure of
Noggin bound to BMP-7 by using X-ray crys-
tallography. Analysis of the structure revealed
remarkable similarities between the two 
proteins. Like BMP-7, Noggin forms a dimer
with a two-fold axis of symmetry. The dimer
is shaped like a butterfly, with structural 
features known as antiparallel �-sheets in
each monomer extending wings from a core
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Figure 1 Antagonizing growth factors. a, Representation of the BMP-7 (bone
morphogenetic protein 7) dimer, showing surfaces that interact with type I
(orange) and type II (blue) receptors. b, How BMP-7 might bind to a
tetrameric complex of type I and type II receptors, which feed the signal
from BMPs into cells and thereby influence cell behaviour. 

c, Representation of the structure of BMP-7 with its antagonist Noggin,
solved by Groppe et al.1. The diagram shows the amino-terminal clip
segment of Noggin that occludes the receptor-interaction surfaces of BMP-7,
and the position of proline 35, which inserts into the hydrophobic pocket of
BMP-7 that makes contact with a phenylalanine in the type I receptor.

Growth factors regulate cell behaviour, and are kept in check by inhibitors.
The structure of a complex of two such proteins shows that they form back-
to-back butterflies, with the inhibitor’s wings stretching to embrace its partner.
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body. The core body mediates dimerization
and forms a cystine knot; this is a characteris-
tic structure of disulphide-bonded cysteines
that is also found in BMP-7 and numerous
other secreted proteins8. The knot takes the
general shape of a ring of intramolecular
disulphide bonds, through which passes a
single intermolecular disulphide linkage that
stabilizes the dimeric structure.

The BMP-7 dimer has wings that are
structurally similar to but more compact
than those of Noggin. In the complex1, the
Noggin and BMP-7 butterflies are arranged
back-to-back with the wings touching (Fig.
1c) and Noggin’s wings extending out to
embrace those of BMP-7. This overall struc-
ture provides an essential spatial arrange-
ment that allows an amino-terminal exten-
sion of each Noggin monomer to snake
around BMP-7 and form a ‘clip’ that
occludes the surfaces of the growth factor
that make contact with its receptor. Indeed,
one of the amino acids in the amino-ter-
minal half of the Noggin clip (proline 35)
extends into a hydrophobic pocket on BMP-
7 that normally4 makes a key contact with a
phenylalanine residue on the type I receptor.
At the other end of the clip, hydrophobic
amino acids cooperate with others to mask
the hydrophobic patch on BMP-7 that makes
contact with the type II receptor. These
extensive contacts and the occlusion of both
receptor-binding sites on BMP-7 probably
explain both the high affinity of Noggin for
BMP-7 and its potent antagonistic activity.

So just how important are these contacts
to Noggin’s antagonism of BMP-7 and, ulti-
mately, to its physiological functions? To
answer this question, Groppe et al. produced
versions of Noggin that had different muta-
tions in each of the interaction surfaces, and
used them in tests of limb-bud development
in the chick. In normal limb development,
BMPs are essential for formation of the carti-
lage that presages where bones will form9.
They are also needed to sculpt the fingers, by
inducing cell death between the digits. So,
treating developing limb buds with Noggin
leads to a loss of cartilage formation and a
block in cell death between digits. But
Groppe et al. found that mutations in Nog-
gin’s second interaction surface strongly
reduced its ability to bind BMP-7 and to
antagonize BMPs in vivo. In contrast, muta-
tion of the first interaction surface had a less
dramatic effect on binding to BMP-7, and
weak effects on limb development. Never-
theless, this latter mutation does cause joint
fusions in a number of human skeletal dys-
plasias, so the affected surface is biologically
important1.

This Noggin–BMP-7 structure1 provides
the first glimpse of how a secreted antagonist
blocks BMP function. It remains to be seen
whether BMP antagonists from another,
larger protein family — the DAN family —
have similar overall structures. But at least

one such antagonist, Cerberus, can inhibit
BMPs as well as members of another, struc-
turally unrelated family of secreted factors,
the Wnt proteins10. It will be interesting to
see how the DANs can block multiple path-
ways. Furthermore, Noggin and DAN genes
are rarely found in invertebrate genomes,
but are conserved in diverse vertebrate
species. The finding that Noggin and BMP-7
share considerable structural similarity,
despite having opposite biological func-
tions, suggests that the demands of pattern-
ing vertebrate organisms may have driven
the evolution of a BMP antagonist from an
ancient BMP-like gene. ■
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The most familiar example of a triple
point is in water: on a graph of pressure
and temperature, the three lines sepa-

rating the vapour–liquid, liquid–solid and
solid–vapour phases all cross at a tempera-
ture of 273.15 K, that value being set to define
the Kelvin scale of temperature. Phase transi-
tions such as these are normally associated
with temperature, but on the quantum scale
they can occur at zero temperature through
other mechanisms. In the lowest energy
(ground) states of atomic nuclei, different
phases exist which correspond to different
geometrical shapes. According to Jan Jolie
and colleagues1, writing in Physical Review
Letters, these phases come together at a triple
point, validating a prediction made by the
Russian physicist Lev Landau in a classic

paper on the theory of second-order phase
transitions2. Writing in 1937, Landau could
not have expected his theory to apply in the
nuclear domain.

When ice melts, it does so at a particular
temperature and with a sudden change in its
state, as the crystal structure is destroyed by
the thermal motion of the water molecules.
This is an example of a first-order phase 
transition: at the transition temperature, 
the two phases — solid and liquid — coexist
and latent heat is required to effect the 
transformation from one to the other. 
Landau’s theory deals with second-order
phase transitions in which the state of the
system changes in a continuous way with 
no coexistence of phases. Instead, at the 
transition point, the two phases become
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Nuclear physics

A triple point in nuclei
David Warner

Triple points describe states of matter in which three phases exist at the
same time — such as solid, liquid and gas. The same phenomenon has
now been found to occur between three different shapes of atomic nuclei.
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Figure 1 The extended Casten triangle. Each apex denotes a mathematical symmetry corresponding
to one of the three shapes shown. Transition points and their associated critical symmetries are
indicated, as are first-order phase transitions. Jolie et al.1 propose that there is a nuclear triple point
that marks the second-order transition between a spherical nuclear shape and a prolate or oblate
deformed one. Existing data for the barium nucleus support this hypothesis.
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