
During its short (2 million years) but 
energetic lifetime and its explosive death, 
a first-generation star would expel all the 
remaining gas (more than 105 solar mass- 
es) from the entire gravitationally bound 
clump of dark matter, thereby preventing 
the formation of other stars. Hence, only 
one atom in a thousand got incorporated 
into first-generation stars. More efficient 
star formation had to await the subsequent 
buildup of larger and less fragile systems 
with deeper potential wells that could re- 
tain gas (in effect, the first small galaxies). 

The environmental impact of these 
very early massive stars was crucial. They 
emitted mainly in the ultraviolet and initi- 
ated the reionization of the intergalactic 
medium, a process that was not completed 
until the universe was 1 billion years old 
(1, 2) but must have started much earlier. 
They produced (and, when they died, dis- 
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persed) the first carbon, oxygen, and iron. 
Gas that contains even small amounts of 
these elements cools more efficiently. It is 
also more opaque, rendering radiation 
pressure more effective in stemming infall 
onto young stars. Consequently, all later 
stars may be of lower mass, perhaps more 
akin to those forming in the Orion Nebula 
today (see the figure). 

Today, the stars modeled by Abel et al. 
are vastly outnumbered by the stars that 
formed later in galaxies. It will be an even 
greater challenge to compute the compli- 
cated internal gas dynamics and feedback 
in these larger systems. But perhaps we 
will be guided by observations. Small 
galaxies older than 1 billion years may be 
detectable with the Next Generation Space 
Telescope, if not by 8-m telescopes on the 
ground (9). 
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The very first generation of stars, al- 

though few in number, nonetheless played 
a crucial formative role in the emergence 
of all later structures. The calculations by 
Abel et al. go some way toward dispelling 
the mystery and uncertainty that surrounds 
them. 
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Carbohydrates linked to proteins or 
lipids in the plasma membrane are 
involved in cellular processes as var- 

ied as embryonic development and the re- 
cruitment of white blood cells to sites of in- 
flammation (1-3). On page 124 of this is- 
sue, Akama et al. (4) identify a unique car- 
bohydrate, required for spermatogenesis in 
the mouse, that enables male germ cells to 
adhere to Sertoli cells in the testis. 

Chains of sugar molecules (oligosac- 
charides) linked to proteins through an as- 
paragine residue are described as N- 
linked. To form complex N-linked carbo- 
hydrate, a long sugar chain is transferred 
to the protein, is "trimmed" (1, 5) and 
then further embellished by the addition 
of sugars, such as N-acetylglucosamine 
(GlcNAc), galactose (Gal), fucose, and 
sialic acid. The enzyme ac-mannosidase II 
is important for the final processing step 
in the formation of complex carbohydrate. 
When mice are engineered to lack the 
gene encoding a-mannosidase II, their red 
blood cells (but not other cells and tis- 
sues) lose the ability to make complex 
carbohydrate (6). The mice also develop 
dyserythropoietic anemia, which resem- 
bles human congenital dyserythropoietic 
anemia type II. The other cells and tissues 
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of the mutant mouse retain their ability to 
make complex carbohydrate, probably be- 
cause they produce an alternative enzyme, 
a-mannosidase IIx. 

Akama et al. (4) report that male mice 
lacking the a-mannosidase IIx gene, 
which is predominantly expressed by male 
germ cells, exhibit almost complete sup- 
pression of fertility. This result comple- 
ments the finding that the chemical swain- 
sonine, which inhibits both a-mannosi- 
dase II and IIx, causes male sterility. By 
staining with labeled lectin, the authors 
discovered that a sugar structure present 

of the mutant mouse retain their ability to 
make complex carbohydrate, probably be- 
cause they produce an alternative enzyme, 
a-mannosidase IIx. 

Akama et al. (4) report that male mice 
lacking the a-mannosidase IIx gene, 
which is predominantly expressed by male 
germ cells, exhibit almost complete sup- 
pression of fertility. This result comple- 
ments the finding that the chemical swain- 
sonine, which inhibits both a-mannosi- 
dase II and IIx, causes male sterility. By 
staining with labeled lectin, the authors 
discovered that a sugar structure present 

on male wild-type germ cells was almost 
undetectable on the germ cells of mice 
lacking a-mannosidase IIx. 

So, what happened to the germ cell 
carbohydrate in the mutant mice? Akama 
et al. used high-performance liquid chro- 
matographic mapping to separate enzy- 
matically released N-linked oligosaccha- 
rides from the testes of wild-type and mu- 
tant animals (7). They were able to deter- 
mine the structure of the N-linked 
oligosaccharides from the change in elu- 
tion position after digestion with glycosi- 
dases. Their analysis revealed a marked 
decrease in oligosaccharides with GlcNAc 
at the terminus, but not those with galac- 
tose at the terminus, in testes from mutant 
mice. In an in vitro assay, the investigators 
then tested the effect of each oligosaccha- 
ride on the adhesion of male germ cells to 
Sertoli cells. They found that a unique 
oligosaccharide with a GlcNAc residue at 

A spoonful of sugar. A newly identi- 
fied carbohydrate on male germ cells 
enables them to bind to Sertoli cells 
in the mouse testis. The enzymes a- 
mannosidase II and a-mannosidase 
IIx process oligosaccharides to form 
the complex carbohydrate attached 
to proteins. Only a-mannosidase IIx is 
able to produce complex carbohy- 
drate containing oligosaccharide 
chains that terminate in GlcNAc 
(square) and fucose (diamond), rather 
than mannose (circle) or galactose 
(not shown). It is this unique oligosac- 
charide that germ cells use to adhere 
to Sertoli cells, although the molecule 
on Sertoli cells (possibly a lectin) that 
recognizes this sugar has not yet been 
identified. 
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its terminus blocked germ cell adhesion to 
Sertoli cells. Furthermore, there was a 
50% decrease in this oligosaccharide in 
testis tissue from the mutant mice. The 
newly identified oligosaccharide carried 
three exposed GlcNAc residues as well as 
a fucose residue attached to the core of the 
sugar chain (see the figure). Intriguingly, 
this oligosaccharide did not have an un- 
usual linkage, but rather was produced by 
arrest of the biosynthetic pathway before 
the addition of galactose. 

There are two obvious anomalies. First, 
although GlcNAc-terminal oligosaccha- 
rides decreased in the mutant mice, Gal- 
terminal oligosaccharides did not, even 
though the former are precursors of the lat- 
ter. As the authors point out, one possibility 
is that a-mannosidase II may predominate 
in non-germ cells and process Gal-terminal 
oligosaccharide precursors. Alternatively, 
both a-mannosidase II and ca-mannosidase 
IIx may exist in germ cells, each process- 
ing carbohydrate attached to different sets 
of target glycoproteins (with Gal-terminal 
carbohydrate presumably still processed by 
a-mannosidase II). 
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Second, the newly identified GlcNAc- 
terminal oligosaccharide decreased by only 
50%, yet male germ cell survival was al- 
most completely suppressed. The authors 
propose that this could be due to a dosage 
effect: Below a certain concentration of the 
oligosaccharide, the binding of germ cells 
to Sertoli cells is negligible. Another possi- 
bility is that this oligosaccharide is at- 
tached to a specific target glycoprotein 
whose sugar chains must be processed by 
oc-mannosidase IIx. It is known that carbo- 
hydrates attached to glycolipids, such as 
seminolipid (8) and gangliosides (9), are 
crucial for spermatogenesis, although car- 
bohydrate recognition was not investigated. 

Germ cells must adhere to Sertoli cells to 
survive, and the Akama et al. work has now 
identified the key molecule involved in bind- 
ing. Their finding opens up new avenues that 
may benefit research into the cause of hu- 
man male sterility. The Akama et al. study il- 
lustrates the importance of cell-specific or 
even protein-specific glycosylation machin- 
ery for cellular recognition. An interesting 
subject for future research will be identifica- 
tion of the germ cell target glycoprotein to 
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which the new oligosaccharide is attached. 
One candidate is basigin (CD147) (10), a 
highly glycosylated member of the im- 
munoglobulin superfamily, the absence of 
which results in sterility in mice. Equally in- 
teresting is the nature of the molecule on 
Sertoli cells that recognizes the germ cell 
oligosaccharide. In carbohydrate-dependent 
cell adhesion, the specific carbohydrate se- 
quence is usually recognized by lectins, 
which are classified into several groups, for 
example C-type lectins, galectins, and 
siglecs. Discovering whether a Sertoli cell 
lectin binds to the unique germ-cell oligosac- 
charide will be the next step. 
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H ow much you eat, not what you eat, 
seems to make a difference in the 
aging process. It is well established 

that reduced calorie consumption robustly 
extends adult life expectancy in a variety 
of animal models. Now, on page 120 of 
this issue, Larsen and Clarke show that di- 
et quality also affects aging (1). In the 
worm Caenorhabditis elegans, reduced 
consumption of coenzyme Q (Q) dramati- 
cally extends longevity. 

Among other chores, Q carries electrons 
and protons across the inner mitochondrial 
membrane to maintain the proton gradient 
that drives ATP synthesis (see the figure). C. 
elegans is able to synthesize the most preva- 
lent isoform, Q9, from a demethoxy-Q9 
(DMQ9) intermediate. But worms carrying 
mutations in the clock gene (clk-1) lack the 
di-iron carboxylate enzyme required for the 
final hydroxylase step and so accumulate 
DMQ9 instead of Qg (2, 3). To obtain Q, clk-l 
mutants depend solely on their primary diet 
of bacteria, which synthesize the Q8 isoform. 
The balance of Q isoforms in the worm is de- 
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termined by both endogenous synthesis and 
dietary intake. Earlier work showed that 
worm clk-l mutants fail to develop or be- 
come sterile if fed Escherichia coli bacteria 
lacking Q, and that these effects could be res- 
cued by feeding worms wild-type E. coli that 
synthesized Q (4). Given the importance of 
Q in mitochondrial electron transport, and 
the importance of electron transport in the 
production of reactive oxygen species in ag- 
ing (5, 6), do the quantity and quality of Q 
isoforms impact worm longevity? 

Larsen and Clarke show that reliance up- 
on the endogenous isoform Qg without a di- 
etary source of Q8 dramatically extends sur- 
vival of the adult worm. The investigators 
raised worms on a diet of wild-type E. coli 
during the larval phase, and then switched 
them to a diet ofE. coli lacking Q just before 
the worms emerged from the last larval stage 
as adults. Convincingly, extension of 
longevity was observed in both wild-type 
and mutant strains of C. elegans, as well as 
with mutant strains ofE. coli in which differ- 
ent steps in Q biosynthesis were disrupted. 

The authors uncover some important 
connections among clk-l mutants, dietary 
Q, and aging. The extended life-span of 
clk-1 mutants lacking Qg is partly due to a 
general delay in larval development (7). 
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The authors uncover some important 
connections among clk-l mutants, dietary 
Q, and aging. The extended life-span of 
clk-1 mutants lacking Qg is partly due to a 
general delay in larval development (7). 

The new study shows that adult life ex- 
pectancy is not altered by clk-l mutations. 
Rather, young adult mutants suffer higher 
mortality compared with control worms, 
but mortality rates are reduced at later 
ages. In the presence of DMQ9, juvenile 
reliance on dietary Q8 may debilitate 
adults in an age-independent manner, 
which could counter any positive benefits 
of slower aging on mean life-span. 

By shifting the dietary intake of Q be- 
tween the larval and adult phases, the 
study reveals important age-specific char- 
acteristics. It is known that trade-offs 
across ages can foster the evolution of 
senescence (8). The ability to assimilate 
dietary Q and to synthesize endogenous Q 
supports growth and development, and 
clearly increases components of fitness 
expressed at young ages. This physiologi- 
cal capacity, however, reduces adult sur- 
vival. Senescence can evolve under these 
conditions because the strength of natural 
selection is greatest upon traits expressed 
early in the life cycle. 

Larsen and Clarke also unveil some 
important interactions between Q and the 
insulin signaling pathway that may inter- 
sect at the mitochondrion. Mutations in 
the insulin receptor homolog daf-2 extend 
the longevity of C. elegans (9, 10). The 
new study shows that a Q-less diet further 
extends the longevity of these daf-2 mu- 
tants. Daf-12 mutants, on the other hand, 
show slightly reduced longevity relative to 
controls at 25?C, and do not respond 
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