The red-light excitation induces
spin on the ions [with CN sur-
roundings, Fe(III) is low-spin (S =
1/2), whereas Co(II) becomes
high-spin (S = 3/2)] and a new in-
teracting Fe(II1)-Co(II) pair. The
important point is that the local
electron transfer, at the molecular
level (Fig. 2), switches on the in-
teraction and allows the exten-
sion of the cooperative phenom-
enon throughout the network. It
enhances the mean number of
magnetic neighbors z. The ordering tem-
perature T is therefore enhanced. The in-
crease is weak (4 K) but significant. An
even more exciting observation by Sato et
al. is that the process can be partially re-
versed. Changing the color of the light is
enough to go back to a state that looks like
the initial one and to switch off some
Fe(II1)-C=N-Co(Il) interactions.

The phenomenon observed by Sato et al.
occurs in too low a temperature range (15
to 19 K) and is too slow (a few minutes) for
practical applications. It demonstrates, nev-
ertheless, that the tuning of long-range
magnetic ordering is possible through a mo-

Fig. 2. Back and forth electron transfer induced by pho-
tons of different wavelengths through the molecular
bridge, and the related magnetic changes.

lecular excitation induced by photons. It is
one of the necessary steps toward the design
of molecule-based magneto-optical devices.
Another step was announced recently by
the same authors: They displaced electro-
chemically the T¢ of the Mallah’s com-

- pound (4) from 240 to 270 K, which is near

room temperature (7).

The Prussian blues are far from perfect
models. They are not truly molecular, but
molecular-based (8), at the border between
molecular and solid-state chemistry. They
present many vacancies and defects and are
often mixtures. It is amazing that such
shortcomings of the oldest molecule-based
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inorganic system, which lies between mo-
lecular and solid-state chemistries, are the
origin of the present discovery. The work of
Sato et al. shows that we have still many
things to learn from old systems, once we
look at them anew.
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Diabetes Complications: Why Is
Glucose Potentially Toxic?

Daniel Porte Jr. and Michael W. Schwartz

The discovery that insulin can save the life
of a patient with diabetic ketoacidosis
(acidic blood) or severe hyperglycemia
(high blood sugar) was a landmark in the
history of medicine. Despite insulin treat-
ment, however, most diabetic patients
eventually experience one or more of the
long-term complications of the disease.
These complications arise from chronic
hyperglycemia, which causes damage to
small- and large-caliber blood vessels and
peripheral nerves, greatly increasing the
risk of heart attack, stroke, blindness, am-
putation, and kidney failure. Exactly how
hyperglycemia causes these complications
has been debated for years, but the recent
National Institutes of Health—sponsored
diabetes control and complications trial
(DCCT) clearly implicates glucose as a po-
tentially toxic molecule (1). With today’s
technology, the blood glucose concentra-
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tions of diabetics cannot be completely nor-
malized, a situation that has spurred the
search for a way to prevent the toxic effects
of glucose in the hyperglycemic patient. To
accomplish this goal, the mechanisms of
glucose-induced tissue damage must be un-
derstood and interrupted. In this issue of
Science, an academic-industry collaboration
reports progress in this direction. Ishii and
co-workers (2) provide new support for the
hypothesis that activation of the B, isoform
of protein kinase C (PKC) in vascular tissue
is a key step in the cascade of events
through which glucose triggers diabetic
complications (2).

PKC is a member of a ubiquitous family
of enzymes that phosphorylate serine and
threonine residues of intracellular proteins
involved in signal transduction (3). In vas-
cular smooth muscle, PKC activity influ-
ences contractility, mediates cell signaling
initiated by hormones such as vasopressin
and angiotensin I, and alters expression
of specific genes (4). In endothelial cells,
PKC influences permeability, presumably
through effects on carrier-mediated transen-
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dothelial transport (5). Several isoforms of
PKC are present in the microvasculature of
the brain (6), where carrier-mediated trans-
port of nutrients (glucose) and hormones
(insulin) meet the brain’s energy require-
ments and convey important physiologic
signals (7).

The PKC enzyme system increases in ac-
tivity in vascular smooth muscle and endo-
thelial cells after in vitro exposure to
hyperglycemia and in animal models of dia-
betes (4), but the presence of 12 isoforms of
PKC has complicated the dissection of the
activation. With the use of new molecular
tools and specific antibodies, however, the
B, isoform has been identified as potentially
important in the vascular response to
hyperglycemia. To test this hypothesis, Ishii
et al. used a new, specific inhibitor of PKC
B isoforms and showed that this inhibitor
could normalize the elevated PKC activity
in retina and kidney of diabetic rats. This
effect is paralleled by normalization of the
rate at which the kidney filters blood and of
retinal blood flow, both of which are altered
in diabetic animals and people. These re-
sults provide strong evidence that the B
isoform is the key to the glucose-induced
activation of PKC in vascular tissues and
that this activation has pathophysiologic
consequences.

Does this mean that some of the long-
term complications of diabetes can be pre-
vented by pharmacologic inhibition of
PKC? The new findings are encouraging,
but their clinical application is not quite yet
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metabolic pathways that have been impli-
cated in the toxic effects of hyperglycemia
need to be considered, such as activation

of glucose within a narrow window is extra-
ordinarily difficult for many individuals (dia-
betes affects approximately 5% of adults).

Alternate approaches, such as those based on
the new information reported by Ishii et al.,

of the aldose-reductase pathway (8)
or enhanced protein glycosylation
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Complications

How too much glucose may lead to the long-
term complications of diabetes. AGE, ad-
vanced glycosylation endproducts; DAG,
diacylglycerol; PKC, protein kinase C.

appropriate. The connection between the
endpoints measured by Ishii et al—
hyperfusion of the kidney and albuminuria—
and the permanently impaired renal func-
tion of diabetics remains a reasonable but
unproven hypothesis. The link between in-
creased retinal blood flow and the eventual
retinal hypoxia and capillary closure in dia-
betics is also tenuous. Nevertheless, the po-
tential development of a specific enzyme in-
hibitor with minimal short-term toxicity in
vivo opens up many possibilities for future,
longer term study.

But the pathway from discovery to appli-
cation in patients can be long and tortuous.
Before the new inhibitor can be used thera-
peutically, some hurdles must be overcome.
First is the issue of toxicity. There are many
isoforms of PKC, and it must be determined
that the new drug does not produce toxic
side effects by its action on other forms of
PKC. In addition, the B, isoform is heavily
expressed in the central nervous system
(CNS) (3). Because the inhibitor reduces
retinal PKC activity to a value below nor-
mal, it is possible that the normal CNS
function of PKC B might be impaired by the
inhibitor and that such effects might be dif-
ficult to discern or require a longer time
frame to be recognized. Second, the drug
may not inhibit all of the complications of
diabetes. PKC and its endogenous activator,
diacylglycerol (DAG), are decreased, not
increased, in peripheral nerve from diabetic
animal models or after hyperglycemic expo-
sure of normal tissues in vitro (8). The spe-
cific isoform affected is not yet known, but
PKC activity may not be equally critical in
all diabetic complications. Complete treat-
ment of diabetic complications may there-
fore require additional drugs. Finally, other
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promise similarly awaits fulfillment.
Glucose is a molecule essential for life
(particularly for function of the nervous sys-
tem), but its concentration must be carefully
controlled because of the powerful adverse
effects of both too much and too little glu-
cose. The manifestations of this toxicity are
legion, and maintaining the concentration
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Speciation in Action

Jerry Coyne

In trying to understand the two great en-
gines of biological diversity—adaptation
and speciation—evolutionary biologists oc-
cupy an uncomfortable niche. Blessed with
the immense challenge of reconstructing
and understanding the evolution of organ-
isms, we are cursed by the historical aspect
of this enterprise, which regularly denies us
the crucial experiments and observations to
test our theories. All too often our ques-
tions are addressed rather than answered,
and plausibility arguments must do in place
of facts. Reconstructing the past is of course
a perfectly valid way of doing science—if it
were not, cosmologists and geologists would
be out of business. Nevertheless, evolution-
ists often suffer from “molecular biology
envy,” the fear that we are not as scientifi-
cally rigorous as our colleagues down the
hall with their big grants and decisive ex-
periments.

To allay this insecurity, we search for
evolution in real time and treasure our ex-
amples of adaptation in action, such as the
case of melanism in the pepper moth that
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graces every general biology text. It is much
rarer, however, to see speciation in action,
because that process requires not just evolu-
tion at a single locus (as in the moth) but
more extensive genetic divergence that
makes populations reproductively incom-
patible. In a report in this issue of Science,
Rieseberg and co-workers (1) have repro-
duced in the greenhouse the genetic
changes leading to the formation of a natu-
rally occurring species of sunflower and
have shown that these changes are repeat-
able across independent experiments. This
unique study bridges the gap between the ex-
perimental and historical aspects of our field.
The species in question is Helianthus
anomalus, an outcrossing diploid restricted to
swales and sand dunes in Arizona and Utah.
(This species has long provided the Hopi
Indians with food and pigment for facial
decoration.) Molecular evidence (2) indi-
cates that H. anomalus arose by recombina-
tional speciation, a process in which two dis-
tinct species hybridize, and the mixed genome
of the hybrid becomes a third species that is
reproductively isolated from its ancestors.
The putative ancestors of H. anomalus
are H. annuus and H. petiolaris (see figure),
which occur widely in the western United





