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not differ appreciably between wild-type
and +/– animals, but these insulin levels
were inappropriately low for the degree of
hyperglycaemia observed in the +/– mice. 

In histological evaluation, the pancreat-
ic islets from the +/– mice appeared some-
what smaller, with a thicker mantle devoid
of b-cells, than those of the wild type (Fig.
1b). The mass of b-cells was reduced, but
to an extent that was not significant (wild-
type mice: 2.80 milligrams 5 0.44; n = 8;
+/– mice: 1.76 milligrams 5 0.13; n = 4).
However, the mass of non-b-cells was
almost doubled in +/– compared with
wild-type mice (wild-type mice: 0.47 mg
5 0.06; +/– mice: 0.82 mg 5 0.10). This
suggests that a deficiency in the pdx-1 gene
may skew the islet cell lineages towards
developing into non-b cells.

Our results support the idea that, as
well as acting as a regulatory protein for
pancreatic development, the protein
encoded by pdx-1 is required for glucose
homeostasis in the adult pancreas. Thus a
deficiency in pdx-1 may predispose certain
individuals to the development of late-
onset diabetes, particularly in the context
of other genetic mutations within the
insulin-signalling cascade.
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FFiigguurree  11 Comparison of wild-type and pdx-1-deficient mice. aa,, Glucose tolerance tests on black Swiss mice
that are either heterozygous for pdx-1 (+/–, red) or wild type (green). Mean blood glucose levels over time
are shown with standard error (n = 8 for wild-type mice, n = 11 for +/– mice). Animals were fasted for 14–16
hours before testing. Blood glucose levels were monitored with a glucometer. bb,, Representative islets from
15-week-old wild-type (top) and +/– (bottom) mice. Islets were immunostained with combined antibodies
raised against glucagon, somatostatin and pancreatic polypeptide to show the mantle of islet non-b-cells
around the core of unstained b-cells. Magnification bar, 50 mm.

Maintenance of glucose balance in mam-
mals depends on the production of insulin
by the b-cells of the pancreas, in response
to raised concentrations of blood glucose.
In humans suffering from non-insulin-
dependent diabetes (NIDDM), b-cell fail-
ure follows chronic resistance to insulin-
stimulated glucose uptake and causes the
development of hyperglycaemia1. NIDDM
shows a polygenic inheritance pattern in
most cases2: defined genetic defects that
have little effect on their own, in combina-
tion induce diabetes by epistatic inter-
actions3. Here we show that mice
heterozygous for the gene pdx-1, which
encodes a transcription factor for the
insulin gene and regulates pancreatic devel-
opment, have impaired glucose tolerance.
This pancreatic nuclear regulatory factor is
required for glucose homeostasis even
when the pancreas is morphologically
normal. 

The pdx-1-encoded homeodomain
protein in mammals (STF-1, IPF-1, IDX-
1)4–6 was isolated as a transcriptional regu-
lator of insulin and somatostatin7–9. The
protein was first detected in the embryonic
pancreatic and duodenal endoderm. But in
the pancreas, pdx-1 expression becomes
progressively restricted to islets, where it is
produced in more than 90% of β-cells, and
in substantially fewer d-cells (15%) and a-
cells (3%)10,11.

Mice that are heterozygous (+/–) for
pdx-1 develop normally, but in pdx-1
homozygotes (–/–), the branching out-
growth of the pancreas that usually occurs
is arrested at an early stage11,12. The rele-
vance of these findings is underscored by a
description of a human phenotype lacking
a pancreas and associated with a mutation
in the pdx-1 gene13,14. Maturity-onset dia-
betes occurred in humans heterozygous
for this mutation13; this prompted us to
examine whether pdx-1 is important for
glucose homeostasis in an adult mouse
model.

We fasted pdx-1 wild-type and +/–
mice for 14–16 hours and injected them
intraperitoneally with 20% glucose (2
grams per kilogram body weight). The
blood glucose levels of the wild type
underwent a threefold increase within 15
minutes but returned to baseline two
hours later (Fig. 1a). By contrast, +/– mice
showed a 7–10-tenfold increase in blood
glucose levels after 30 minutes. These mice
remained hyperglycaemic even after 2
hours (Fig. 1a). 

The levels of plasma insulin following
glucose administration (not shown) did

Regulatory factor linked
to late-onset diabetes?

correction
In the Scientific Correspondence article
entitled “Inhibition of ICE slows ALS in 
mice” by R. M. Friedlander, R. H. Brown, 
V. Gagliardini, J. Wang and J. Yuan 
(Nature 338888,, 31; 1997), the mouse strain
used was G93A (rather than G93R 
as published).
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Amyotrophic lateral sclerosis (ALS) is 
a progressive age-dependent disease

involving degeneration of motor neurons in
the brain, brainstem and spinal cord. ALS is
universally fatal, with the median survival of
patients being five years from diagnosis. In a
transgenic mouse model of ALS, we now
show that a dominant negative inhibitor of a
cell-death gene, the interleukin-1b-convert-
ing enzyme (ICE), significantly slows the
symptomatic progression of ALS. 

ALS exists in both sporadic and familial
forms. Certain familial forms are caused by
mutations in the Cu/Zn superoxide dismu-
tase (SOD-1) gene1. Transgenic mice expres-
sing mutant SOD-1 genes develop an age-
dependent progressive motor weakness sim-
ilar to human ALS2. Although little is known
about the mechanism of cell death in ALS,
downregulation of SOD-1 activity using
antisense SOD-1 DNA in vitro has been
shown to promote apoptosis in a neuronal
cell line3. Cell death in this model was medi-
ated in part by the activation of ICE and by
binding of endogenously produced mature
interleukin-1b (IL-1b) to its receptor4.

We have previously shown that endoge-
nous mature IL-1b, produced by activation
of ICE, is important in a variety of cell-death
models5. We recently reported a transgenic
mouse expressing a dominant negative inhi-
bitor of ICE, which has the active-site cys-
teine substituted for a glycine, in neurons
under the control of a neuronal specific eno-
lase promoter (NSE-M17Z)6. Developmental
neuronal cell death does not seem to be
inhibited in these transgenic mice, as the
brain is of normal size, they exhibit normal

behaviour, and have equivalent numbers of
neurons in the facial motor nucleus as the
wild-type control mice6. This contrasts with
the NSE-Bcl-2 transgenic mice which have
larger brains and more neurons7.

To determine whether inhibition of ICE
activity in vivo might halt the progression of
the ALS-like syndrome in mice expressing
mutant SOD-1, we crossed five female NSE-
M17Z mice from one transgenic founder
mouse with one mutant SOD(G93R) male
mouse. We determined the genotypes of the
progeny from these crosses using the poly-
merase chain reaction (PCR) to find carriers
of the mutant ICE and SOD transgenes, and
monitored littermates of SOD(G93R) mice
and those with both SOD(G93R) and
mutant ICE for the times of disease onset
and death. The onset of the disease was
scored as the date of the first observation of
significantly slower gait and/or limb paraly-
sis. Mortality was scored as the date of death
or the inability of the mouse to right itself in
30 s (scorers were unaware of the genotypes
of the mice or their birth dates). 

Although the timing of disease onset in

the mutant SOD and mutant SOD/ mutant
ICE (M17Z) transgenic mice is not different,
the double-transgenic mice survive signifi-
cantly longer from the onset of the disease
(27 days) than the mutant SOD mice (11.7
days) (Table 1). Therefore, expression of the
dominant negative inhibitor of ICE in neu-
rons of mutant SOD mice is able to slow the
symptomatic progression of this disease and
delay mortality. Our results indicate that
ICE-like proteases might affect disease pro-
gression in this ALS mouse model and sug-
gest that ICE inhibitors may be of value in
the treatment of ALS in humans.
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Inhibition of ICE slows ALS in mice
scientific correspondence

Electronic properties of
carbon toroids

In a recent Scientific Correspondence, Liu
et al.1 reported observing carbon toroids.
They suggested that these objects could be
considered as quantum wires and that they
would exhibit interesting transport proper-
ties. Here I provide theoretical support for
this proposition.

The ring currents that flow in aromatic
molecules in response to the application of a
magnetic field are often likened to electrical
conductivity2,3, so it is interesting to study the
magnetic properties of the carbon toroids. I
use as a test case the calculated structure of
the C576 toroid (ref. 4; and B. I. Dunlap and
F. Negri, unpublished). This object is of C6v

symmetry and resembles an inflated benzene
molecule (Fig. 1). The structure derives most
naturally from a [4,4] carbon nanotube4. I

used the finite-field London theory5 to calcu-
late its magnetic properties. This theory
successfully predicted the magnetic suscep-
tibility of C60 (refs 6, 7) and C60

61 (ref. 8).
The toroid has an extremely large and

anisotropic ring-current diamagnetic sus-
ceptibility, xRC (Table 1). The calculation
clearly shows that the preferred current path
is around the six-fold axis. The ring-current
magnetic susceptibility of C576 with the field
perpendicular to the plane (xRC

> ) is about
four times larger than that of the compara-

bly sized, icosahedral C540 (which has a ring-
current magnetic susceptibility about 13 per
cent that of graphite, rotationally averaged,
on a per-carbon basis)3. Scaling of xRC

> for
toroidal C576 with respect to icosahedral C540

gives a value of 2.75, based on the number of
p-electrons and the mean-square radius of
the electronic circulations.

How can we relate the magnetic proper-
ties to the electrical conductivity? Following
London9 we may derive an effective mass
(m*) for the p-electrons of these molecules

Table 1 Timing of disease onset and mortality

Mutant

SOD SOD/M17Z P
(n424) (n422)

Onset 237.7±4.4 243.0±5.6 0.464

Length 11.7±1.6 27.0±3.5 0.0002*

Mortality 249.3±3.8 270.0±7.0 0.0115*

Disease onset, length and mortality are listed as 
mean ± s.e.m days, illustrating the delay in the mortality
of SOD(G93R) transgenic mice by expression of a
dominant negative inhibitor of ICE. Asterisks indicate a
significant difference (unpaired t-test, two-tailed).

Figure 1 Two views of the C576 carbon toroid (after ref. 4).
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by scaling the quantum mechanical result
with the free-electron value of the magnetic
susceptibility. Using a modern parametriza-
tion we obtain an effective mass of 1.5me for
the highest occupied molecular orbital
(HOMO) of benzene, whereas a value for
the toroid may be obtained from 

4 2

4 40.2

where r2 is the mean square of the distance
of the electronic circulation from the axis of
the magnetic field, Z. This is evaluated in the
case of the toroid from the atomic coordi-
nates of the carbon atoms:

^
576

i

and thus the area of the toroid in the x–y
plane is about 100 times that of the benzene
molecule. The ring-current magnetic sus-
ceptibility of the HOMO electrons in the
toroid is 130 times larger than the total ring-
current magnetic susceptibility of the ben-
zene molecule. Thus m*(C576 HOMO)4
0.3me, and because the mobility is usually
taken to be inversely proportional to the
effective mass we may expect that these car-
riers will show high conductivities. This is in
agreement with the relatively high conduc-
tivities measured for linear nanotubes10–14. 

There has been interest in the change in
electronic structure that would occur on
passing a magnetic flux quantum through a
benzene ring. The strong coupling of some
of the toroid energy levels to the magnetic
field and the concentration of levels near the
energy gap (especially in other toroids), sug-
gests that these objects will provide ideal
candidates for magnetically induced changes
in electronic structure15. At large size, of
course, the level distinctions vanish as the p-
electron states merge into energy bands and
the flux jumps would be observable as the
Aharonov–Bohm effect1. 
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Years Later (ed. Andreoni, W.) 91–98 (Kluwer, Dordrecht, 1996).

about 17 of arc. The corners of a dark or
light square were chopped off and similarly
replaced by a region of intermediate bright-
ness. In uniformly lit regions, no dark or
light spots were seen wandering with shift-
ing gaze. When I fixated on a 12-mm dark
spot on patterned wallpaper it disappeared,
filled in by the lighter background, and
when I viewed a coarsely textured rug I saw
a spot of intermediate brightness which
wandered to follow my direction of gaze.

I conclude that under conditions of rod
vision, line completion does not occur
across the foveal scotoma (mentioned in
passing in an earlier paper1), corners are not
filled in, nor are patterns and textures com-
pleted. But filling-in does occur across dif-
fusely lit surfaces, both dark and light.

When I get up at night, dark adapted
over many hours, there is just enough light
for me to make my way around but too
little to allow me to find small objects. By
cupping a hand lightly over one eye before
turning on the lights this nuisance can be
avoided, because when the lights are turned
off again dark adaption is fully preserved in
the covered eye, though the other eye is
temporarily completely blind. In its thickest
part my hand attenuates light by 7–8 log
units (measured with a Pritchard photom-
eter, Photo Research PR-1980, Chatsworth). 

Recently I noticed a curious phenom-
enon. With the room light on, facing a
bright, uniformly lit wall (luminance 1.8 log
cd m12), I observed tiny speckles in the dark-
adapted covered eye. These bright, colourless
points were scattered evenly over the field of
view except for an area roughly 17 wide in the
centre, and each appeared for a very short
time (less than 0.5 s). Their concentration
increased dramatically as I let more light into
the occluded eye (and tended to be replaced
by a wavy, swirling texture), whereas placing
two hands over the eye greatly reduced the
speckles. They waxed and waned in vividness
over a period of many seconds, out of phase
with the view seen by the open, light-adapt-
ed eye. They were most apparent when I
attended to them and faded when attention
was switched to the open eye. The variation
in brightness is presumably a manifestation
of binocular rivalry.

It is well established that the absolute
threshold for perception of light is reached
when five or more closely spaced rods all
capture a quantum of light within a brief
period of time2. Absolute threshold is com-
monly estimated at 1016 cd m12, a level of
darkness that may plausibly be reached by
my 7–8-log-unit filter. I suggest that the
speckles could represent such coincident
threshold events, because they appear at
very low light levels, they increase in density
as more light is admitted, they are absent in
the rod-free part of the retina, and they are
colourless. I have no idea why they should
occur only when one eye is dark adapted
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Table 1 Calculated p-electron ring-current
magnetic properties

Fullerene x RC d RC*
(relative to benzene) (p.p.m., centre)

C60 (Ih) 10.5 1.2

C540 (Ih) 144.6 113.3

C576 (C6v, toroid) 657.2 (ù) 119.6

22.4 (||) 11.9

*dRC is the NMR ring-current chemical shift of a central atom.

On testing my own vision in very dim light I
observed two phenomena associated with
the lack of retinal rods (the receptors special-
ized for vision in dim light) in the fovea, the
region corresponding to our centre of gaze.
First, a bright (or dark) straight line passing
through the fovea was seen as discontinuous,
with a clear 17 gap. Second, after adapting to
dim light conditions, when I blocked light to
one eye as far as possible and viewed a
brightly lit surface with the other eye, I per-
ceived a swarm of colourless scintillations
throughout the visual field of the occluded
eye, except for an area about 17 in diameter
at the centre of gaze. Each scintillation may
represent the simultaneous capture of single
quanta by several closely spaced rods.

Damage to a small area of the primary
visual cortex produces a circumscribed area
of blindness in the visual field, a scotoma,
which is not usually apparent as the back-
ground fills in the blind area. A straight line
crossing through the blind area is generally
seen as uninterrupted. This completion
phenomenon is also said to occur for lines
crossing the normal blind spot produced by
the absence of receptors where the optic
nerve enters the retina. 

The fovea contains cones but no rods. In
light that is too dim to activate cones (sco-
topic conditions) we therefore have a blind
spot at the centre of our visual field. I asked
whether a line would show a gap when it
crossed this foveal scotopic blind spot, or be
completed as in the case of a cortical sco-
toma. On getting up at night I tested this on
an abundance of lines, such as the edges of
walls, wallpaper designs, and window lattices
projected onto walls by street lights. Under
these conditions only rods were active (no
colours were visible, and any small spots
vanished when looked at directly). 

I could discern a clear gap when a line
passed through the point of fixation. Fixa-
tion on a small object is not easy in dim light
as the object disappears and gaze tends to
wander, but with practice it is possible to
fixate on a line so that the gap becomes
obvious. Both light lines on a dark back-
ground and dark lines on a light back-
ground showed a gap as if invaded by the
background. Edge boundaries between light
and dark areas presented a notch of inter-
mediate brightness. These gaps subtended

Vision in dim light
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