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Figure 1| The magnetic fountain effect. a, A
simple bosonic superfluid (‘He, for example)
comprises a condensed superfluid component
mixed into the normal fluid state. When a
temperature gradient AT is applied across a flow
restriction such as a porous plug (a ‘superleak’),
the superfluid component flows up through the
restriction to equalize the temperature, whereas
the normal-fluid component is prevented from
passing by its viscosity. The result is a ‘fountain’ of
superfluid. b, In *He, the superfluid component
consists of pairs of atoms (yellow), because the
fermionic nature of *He atoms prevents them from
condensing singly into a superfluid state. In the
A, phase of *He studied by Yamaguchi et al.?, the
superfluid pairs are highly magnetized, with their
spins aligned with a high magnetic field, whereas
the unpaired atoms (red) are not magnetized. In
this case, the magnetized spin pairs will move to
equalize a magnetization difference generated by
a magnetic field gradient AB, thus supplying the
driving force for a magnetic fountain.

normal-fluid component. Because the super-
fluid condensate carries no thermal energy, the
fluid downstream of the plug cools, whereas
the fluid that has yet to pass through the plug
warms up as the relative concentration of
thermally excited normal fluid increases. This
mechano-thermal effect, in which an applied
pressure gradient results in a temperature gra-
dient over the plug, is well known in superfluid
‘He. The fountain effect is the reverse effect,
and occurs when a temperature gradient is
applied across the superleak. This induces a
flow as the superfluid moves to equalize the
temperatures, and thus a pressure difference
that, when directed upwards, produces a
fountain® (Fig. 1a).

Yamaguchi and colleagues’ magnetic anal-
ogy of the fountain effect involves the so-called
A, phase of superfluid *He, which exists only
in high magnetic fields. In the A, phase, all the
atom pairs of the superfluid condensate align
their spins along the field, whereas the unpaired
atoms do not. The superleak allows only the
highly magnetized superfluid component to
pass, and thus acts as a spin filter: a mechanical

flow produced by a pressure difference across
the superleak will cause the fluid downstream
to become more magnetized. Conversely, a dif-
ference in magnetization, generated by a field
gradient, will induce a pressure difference
across the superleak, because the superfluid
flows to equalize magnetization (Fig. 1b).

The experiments’ require sensitive meas-
urements in very high magnetic fields and at
extremely low temperatures. Having observed
the effect, the authors went on to study mag-
netic relaxation processes using the device: a
loss of magnetization will be reflected in a loss
of fountain pressure, measured by the authors
through the deflection of a diaphragm. Intrigu-
ingly, their findings suggest that the superfluid
A, phase inliquid helium is not perfectly mag-
netized, as had been assumed. Rather, a small
fraction of the condensate pairs seems to be
orientated against the direction of the field.
Consequently, the simplified concepts com-
monly used to characterize the A, phase might
have to be revised.

Although the magnetic fountain effect by itself
is a beautiful demonstration of a mechanical
spin filter, it could also prove to be a useful
tool for studying a wide range of magnetic

phenomena, such as the relaxation of magnetiza-
tion in high magnetic fields. There is also great
potential for future technological applications
based on this system or analogous electronic
systems. Some exotic superconductors have
structures similar to that of superfluid *He and
might also exhibit a magnetic fountain effect. If
such materials can be integrated into devices,
then frictionless devices for manipulating spin
that rely on externally applied quantities such as
magnetic field can readily be envisaged. Such
properties could well provide access to a new
range of devices and micromachines in the rap-
idly growing field of spin-based electronics. m
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DIABETES

Kicking off the insulin cascade

Catherine Jackson

Inhibition of the insulin-signalling pathway leads to insulin resistance, an
early step in the development of type 2 diabetes. A novel family of protein
activators seems to act near the pathway's inception.

Many of the cellular processes that are vital
for human health are regulated by the insulin/
insulin-like growth factor signalling pathway,
including glucose homeostasis, fat metabo-
lism, cell growth and differentiation, and age-
ing"?. Defects in this pathway are central to the
development of obesity and related diseases
such as diabetes, in cancer and in the process
of ageing. In this issue, Hafner et al. (page 941)°
and Fuss et al. (page 945)" report the exciting
discovery of a group of factors involved in the
insulin-signalling pathway — the ARNO/cyto-
hesin family of Arf activators.

The Arf proteins are molecular switches that
control the assembly of multiprotein complexes
onto membranes to regulate protein trafficking
throughout the cell and membrane-associated
signalling events’. Arf proteins are inactive
when bound to guanine nucleotide diphos-
phate (GDP) and are active when bound to gua-
nine nucleotide triphosphate (GTP). For their
activation, Arf proteins rely on guanine nucleo-
tide exchange factors (GEFs), which catalyse
the replacement of GDP with GTP (ref. 5). The
ARNO/cytohesin proteins are Arf GEFs that
have a characteristic catalytic domain called a
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Sec7 domain. They are part of a larger family
of Sec7-domain proteins that have key roles in
membrane trafficking and signal-transduction
pathways throughout the cell*. There are four
ARNO/cytohesin family members in humans:
cytohesin-1, ARNO/cytohesin-2, GRP1/cyto-
hesin-3 and cytohesin-4 (ref. 6).

There is only one known membrane-perme-
able, small-molecule inhibitor of the Arf GEFs,
the fungal toxin brefeldin A, which is highly
specific and targets only three of the Arf GEFs
(refs 5, 7). The ARNO/cytohesin proteins,
however, have only a very weak affinity for
brefeldin A, and their activity is not inhibited
by this drug®’.

Previously, Michael Famulok and colleagues
reported’ the discovery of an RNA aptamer — a
small RNA molecule that binds specifically toa
particular protein — that inhibited the guanine
nucleotide exchange activity of the ARNO/
cytohesin proteins, but not the three GEFs
targeted by brefeldin A. Now the same group
(Hafner et al.’) reports an innovative method
for ‘converting’ an RNA aptamer into a mem-
brane-permeable molecule, and the consequent
discovery of the first small-molecule inhibitor
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Figure 1| The insulin-signalling cascade. The binding of insulin to its receptor on the cell surface leads to a
cascade of events that eventually activates the FOXO1 gene regulatory factor, which controls the expression
of genes involved in glucose metabolism and energy regulation. Hafner et al.’ and Fuss et al.* show that the
ARNO/cytohesin family of proteins is involved in the pathway, possibly near its start. These proteins are
guanine nucleotide exchange factors, using their Sec7 domain to catalyse the exchange of GDP for GTP
to activate the Arf proteins that mediate the formation of protein complexes on cellular membranes.
One of the steps in insulin signalling is the conversion of the lipid molecule PIP, to PIP;, a lipid that is
specifically recognized by protein domains called pleckstrin homology (PH) domains.

specific for the ARNO/cytohesin family of Arf
GEFs. Their approach involves attaching a fluo-
rescent tag to the RNA aptamer, then screening
a large library of small molecules to find those
that could displace the fluorescent RNA mol-
ecule from its protein target. The authors went
on to show that the candidate molecule identi-
fied by this screen, SecinH3, does indeed bind
to the ARNO and cytohesin proteins with high
affinity and inhibits their exchange activity on
Arf. By contrast, it binds much less efficiently to
other Sec7-domain proteins, and fails to inhibit
their exchange activity.

Meanwhile, Fuss et al.* were studying fruit-
flies that carry mutations in the single gene
(called steppke) encoding ARNO/cytohesin
in this organism, and they discovered that the
mutant flies were smaller and developed more
slowly than their normal counterparts’. These
characteristics can arise from defects in insu-
lin signalling, and indeed, the authors found a
profile of gene regulation in these mutant flies
consistent with a defect in the insulin cascade.
Moreover, when they treated the flies with
SecinH3, they found nearly identical traits to
those caused by mutations in the steppke gene.

These results prompted FamuloK’s group to
test the effect of SecinH3 on insulin signalling
in mammalian cells. Insulin and insulin-related
growth factor bind to a family of receptors.
These receptors are protein kinases; that is,
they are able to attach phosphate chemical
groups to target proteins — a common means
of passing information from one protein to the
next along a cell-signalling pathway. And so
begins the complex cascade of insulin signal-
ling” (Fig. 1). Binding of insulin to its receptor
stimulates phosphorylation of a set of ‘insu-
lin receptor substrate’ proteins, which in turn
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recruit and activate a lipid kinase, phosphati-
dylinositol 3-kinase (PI3K). PI3K converts
the phosphoinositide PIP, to PIP;, a lipid spe-
cies that is specifically recognized by proteins
with pleckstrin-homology (PH) domains,
notably the protein kinase AKT/PKB (ref. 2).
AKT/PKB phosphorylates a number of targets
including FOXO1, a factor that regulates the
expression of insulin-sensitive genes.

In cultured liver cells (HepG2), treatment
with SecinH3 produced a gene-expression
profile remarkably similar to that of cells with
defects in the insulin receptor. Moreover, mice
fed SecinH3 had traits similar to mice geneti-
cally engineered to have no insulin receptor in
the liver tissue’. In particular, the SecinH3-fed
mice showed signs of insulin resistance, one
of the first steps in the development of type 2
diabetes and a cause of ‘metabolic syndrome,
which is a growing global health problem.

Where in the insulin-signalling pathway does
ARNO/cytohesin act? In fruitflies, Fuss ef al.*
show genetically that the cytohesin encoded by
steppke acts upstream of PI3K. In mammalian
cells, Hafner et al.” found that SecinH3 inhib-
ited phosphorylation of insulin receptor sub-
strate 1 by the insulin receptor. Furthermore,
co-immunoprecipitation experiments showed
that in cells the insulin receptor is physically
associated with ARNO and cytohesin-3, as well
as one of their substrates, Arf6, whose activa-
tion is inhibited by SecinH3. These results
indicate that the ARNO/cytohesin proteins
act very early in the insulin cascade.

The ARNO/cytohesin proteins all have a
very similar modular structure, with an amino-
terminal coiled-coil domain, the central Sec7
domain, and a PH domain at the carboxy termi-
nus that specifically binds to PIP, and/or PIP,
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(Fig. 1)°. Remarkably, variants of the cytohesins
in mammalian cells that differ by only a single
glycine residue in their PH domains have differ-
ent capacities to bind PIP, versus PIP; (ref. 9).
In fruitflies, all cytohesin variants seem to have
the PH domain that binds with much greater
affinity to PIP; than to PIP,. The ARNO/cyto-
hesin proteins, as well as Arfl and Arf6, are
recruited to the cell membrane by the insulin-
stimulated production of PIP; (refs 9-11). Cells
have no PIP; before stimulation with insulin or
other growth factors. So, this raises the inter-
esting possibility that production of PIP; by
the insulin-signalling cascade creates a posi-
tive-feedback loop that leads to recruitment of
additional ARNO/cytohesin molecules to the
PIP;-enriched regions of the membrane.

Metabolic syndrome develops as a conse-
quence of obesity and insulin resistance, and
has grown to epidemic proportions in recent
years with the rapid escalation in obesity
throughout the world". The discovery of a role
for ARNO/cytohesin proteins in insulin signal-
ling provides a new target for the development
of drugs to combat this growing health prob-
lem. The method developed by Famulok and
colleagues provides a powerful way of identi-
fying small-molecule inhibitors of therapeutic
value. An aptamer library has much more vari-
ability than a standard druglibrary, so it can be
used in an initial screening with a much higher
probability of success. The method presented
can then be used to easily and rapidly screen
multiple small-molecule libraries to find drug-
like compounds with similar inhibitory poten-
tial to that of the original aptamer.

The results presented by Hafner, Fuss and
colleagues™ open up a fresh area for investi-
gation, with many questions to be answered.
What are the Arf substrates that ARNO/cyto-
hesin GEFs act on in the insulin-signalling
pathway? How does ARNO/cytohesin regu-
late the protein kinase activity of the insulin
receptor on its substrate proteins? Are defects
in ARNO/cytohesin proteins the basis for
insulin resistance in type 2 diabetes? Given
how important this signalling pathway is to
human health, we can look forward to answers
appearing quickly. ]
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Enzymology and Structural Biochemistry,

Bat 34, CNRS, 91198 Gif sur Yvette, France.
e-mail: catherine.jackson@lebs.cnrs-gif.fr

1. Biddinger, S. B. &Kahn, C.R. Annu. Rev. Physiol. 68,123-158
(2006).

2. Taniguchi, C. M., Emanuelli, B. & Kahn, C. R. Nature Rev.

Mol. Cell Biol. 7, 85-96 (2006).

Hafner, M. et al. Nature 444, 941-944 (2006).

4. Fuss, B., Becker, T, Zinke, . & Hoch, M. Nature 444,
945-948 (2006).

5. Jackson, C.L.& Casanova, J. E. Trends Cell Biol. 10, 60-67
(2000).

6. Cox, R, Mason-Gamer, R. J., Jackson, C. L. & Segev, N. Mol.
Biol. Cell15,1487-1505 (2004).

7. Zeeh,J.C.etal.J. Biol. Chem. 281,11805-11814 (2006).

8. Mayer, G.etal. Proc. Natl Acad. Sci. USA 98, 4961-4965
(2007).

9. Cullen, P.J. & Chardin, P. Curr. Biol. 10, R876-R878 (2000).

10. Czech, M. P. Cell100, 603-606 (2000).

1. Li,H.S. etal. BMC Cell Biol. 4,13 (2003).

w




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice




