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cells near the edge of the leaf. So, it ap-
pears that leaf shape in the cin mutant is al-
tered because the shape as well as the rate
of movement of the arrest front is altered. 

The CIN gene product is expressed ahead
of the arrest front as it moves from leaf tip to
base, and is more abundantly expressed in
the leaf margins. Nath et al. hypothesize that
wild-type CIN acts in these regions to make
cells more sensitive to a cell cycle arrest sig-
nal, thus causing the arrest front to move
more rapidly along the length of the leaf.
Greater expression of CIN mRNA near the
leaf margins would make the shape of the ar-
rest front convex instead of concave. How
does the CIN protein with its TCP domain
make cells more sensitive to a cell cycle ar-
rest signal? Data obtained from other TCP
proteins suggest a mechanism of CIN action.
Suzuki et al. (6) have shown that a related

protein, TCP10 from the model plant
Arabidopsis, physically interacts with a histi-
dine-containing phosphotransmitter. Such
transmitters relay chemical signals from a re-
ceptor molecule on the cell surface to an in-
tracellular effector molecule such as a tran-
scription factor through the transfer of phos-
phate groups. One possibility is that the
DNA binding domain of the CIN protein is
regulated by phosphorylation in response to
an as yet unidentified growth signal. The tar-
get proteins that CIN controls are still un-
known, but they are likely to be important
cell cycle regulators. Interestingly, the class I
TCP proteins, PCF1 and PCF2, of rice are
thought to regulate PCNA, a component of
the DNA-replication apparatus (7). 

The altered expression of several differ-
ent TCP proteins is responsible for mor-
phological differences between varieties

within species. For instance, naturally oc-
curring floral mutants of toadflax (Linaria
vulgaris) are caused by inactivation of the
CYCLOIDEA gene (8). Much of the varia-
tion in branch development between mod-
ern corn and its weedlike ancestor,
teosinte, can be explained by mutations
in the TEOSINTE BRANCHED gene.
Whether changes in CIN and related genes
can explain the natural variations in leaf
shape both within and between species is a
question for future studies to answer.
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W
ater clusters have been objects of
intense scrutiny by both theory
and experiment, serving as a par-

adigm for untangling intricate details of the
hydrogen bond network that underlies the
unusual properties of liquid and solid wa-
ter (1). Cluster studies can also elucidate
the fundamental molecular details of aque-
ous solutions (2).

An elegant example of the latter is pre-
sented by Robertson et al. on page 1367 of
this issue (3). The authors show that the
first solvation shells of the fluoride (F–) and
hydroxide (OH–) anions comprise precisely
five and four water molecules, respectively.
The report is the latest of several recent
studies of solvent-solute interactions,
which have, for example, shown that exact-
ly five water molecules are required to ion-
ize HBr (4), and that four molecules are
needed to complete the first solvent shell
around DNA base cations (5). Also in this
issue, Asmis et al. (6) (page 1375), report
the spectrum of the protonated water dimer.

Over the past decade, systematic studies
of pure water clusters by laser spectroscopy
and theory have revealed the most stable
arrangements of two to six water molecules
and have provided more qualitative insights

into the structures of larger clusters. The
trimer, tetramer, and pentamer adopt ring
structures in which each water molecule acts
as both donor and acceptor of a hydrogen
bond. In contrast, the hexamer forms a hol-
low cage structure, representing a transition
from a two- to a three-dimen-
sional hydrogen bonding net-
work. The octamer adopts a
structure formed by two
stacked tetramers. Larger clus-
ters build on this motif of
stacked ring clusters. 

Since their initial charac-
terization, these water cluster
structures have been discov-
ered in a variety of environ-
ments. Small clusters of 2 to
10 water molecules have been
identified in crystals (7, 8)
and observed to form on the
surface of metals at low tem-
perature (9).

The hydrogen bonding net-
works in these clusters rapidly
rearrange, even at zero tem-
perature, through quantum
tunneling. Two types of tun-
neling have been characterized
in the trimer: “bifurcation”
and “flipping.” The former
corresponds to breaking and
re-forming of the hydrogen
bond, and is thus intimately re-

lated to fundamental dynamical processes
in liquid water. Terahertz spectroscopy ex-
periments have shown that the bond-break-
ing dynamics depend strongly on which
type of intermolecular vibrations is excited:
torsion, translation, or libration. Excitation
of a single quantum in translation or torsion
does not affect the hydrogen bond lifetime,
whereas excitation of the same magnitude
in the librational mode decreases it 2000-
fold (10). In models of liquid water dynam-
ics, librational motion also dominates the
dynamics on short time scales.

The principal goal in these studies of
small water clusters has been an exact

mathematical description of
the intricate details of the hy-
drogen bond network and its
dynamics. In the case of the
dimer, this goal has almost
been realized (11); for the
trimer, it seems close at hand.
Eventually, a more quantita-
tive understanding of the liq-
uid state should be derived
from these cluster studies, in
effect “building up the liquid
one step at a time” (1). As
beautifully illustrated by
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Robertson et al. (3), this same approach is
now helping to quantify the solvation prop-
erties of water.

One of the most fundamental, yet enig-
matic, of all chemical processes is the
transfer of protons in liquid water, which
occurs via  ultrafast quantum tunneling in
the hydrogen bond network. Following the
spectroscopic characterization of the hy-
dronium ion (1), chemists have attempted
to use protonated water clusters to investi-
gate this process. Asmis et al. (6) now re-
port the vibrational spectrum of the shared
proton in the protonated dimer, H5O2

+.
Using an elegant technique combining ion
trapping, collisional cooling, and free-elec-
tron laser photodissociation spectroscopy,
they show that the shared proton motion
combines several strongly coupled inter-
molecular vibrations.

The detailed study of water clusters has
yielded some exciting practical conse-
quences. Following years of speculation,
water clusters have been detected in Earth’s
atmosphere with long pathlength absorp-
tion spectroscopy (12). The atmospheric
dimer concentration seems to follow recent

predictions (13), implying potentially im-
portant roles in the chemistry and radiation
balance of the atmosphere. For example, it
has been predicted that formation of the
hydrogen-bonded cluster SO3(H2O)2
through collision of SO3 with the water
dimer can greatly accelerate the rate of sul-
furic acid formation (14, 15).

Water-solute interactions are known to
enhance formation of species that are detri-
mental to the ozone layer, as exemplified
by chlorine activation on polar stratospher-
ic clouds (16). The initial steps of this
process, the solvation of HCl by a few wa-
ter molecules, has recently been the subject
of both theory and experiment (17).
Similarly, hydrated radical complexes like
ClOH2O may constitute important interme-
diates in ozone destruction processes (18).

Achieving a complete molecular under-
standing of aqueous solutions will require
continued investigation of the smallest sol-
vated units, evolving in size and complexi-
ty from complete first solvation shells, as
demonstrated by Robertson et al. (3), to
sizes wherein the cluster properties con-
verge to those of the bulk. Particularly cru-

cial for this endeavor is the development of
theoretical methods for treating many de-
grees of freedom explicitly, and with spec-
troscopic precision.
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T
he endoplasmic reticulum (ER) of the
cell operates a quality control system
that identifies misfolded proteins,

transports them into the cytoplasm and then
targets them for degradation by the protea-
some. Aberrant protein degradation is the
mechanism underlying many diseases, in-
cluding cystic fibrosis and heritable forms
of lung and liver disease. Reports by
Molinari et al. (1) on page 1397 and Oda et
al. (2) on page 1394 of this issue refine our
understanding of protein quality control in
the ER during the early stages of the secre-
tory pathway. These two groups investigat-
ed the fates of two aberrantly produced en-
zymes, α1-antitrypsin and β-secretase.
Both enzymes are of medical importance:
Impaired secretion and intracellular accu-
mulation of aberrant α1-antitrypsin has
been linked to loss-of-function and gain-of-
toxic-function disorders, respectively (3);
β-secretase contributes to the generation of
the brain amyloid deposits characteristic of
Alzheimer’s disease (4). 

The secretory pathway can be regarded
as an expansion of the eukaryotic cellular

program of gene expression (5). Unlike the
monitoring of nucleotide sequence differ-
ences in the DNA, the goal of surveillance of
translated genetic information is structural
fidelity (6). The maturation of newly synthe-
sized proteins into their final conformations
is required both for their productive trans-
port beyond the ER and for their continued
stability. Noncompliant proteins become
substrates for intracellular destruction, usu-
ally by the 26S proteasome. The pathways
that orchestrate the destruction of aberrant
proteins—collectively termed ER–associat-
ed degradation (ERAD) (6)—each consist of
multiple steps. Those steps currently under
intense investigation include the retrograde
translocation of aberrant proteins from the
ER into the cytoplasm via the Sec61p chan-
nel, and their conjugation to ubiquitin mole-
cules prior to proteasomal degradation (6). A
full delineation of ERAD, including the ear-
liest events that govern the partitioning of
newly synthesized proteins between the
folding and disposal pathways, is expected
to identify new disease markers and provide
rational treatments for many disorders.

Arguably, progress in understanding this
area has been most rapid for the disposal of
aberrant asparagine-linked glycoproteins.
Processing of glycan appendages by a small

ensemble of modifying enzymes establishes
order among the diversity of newly synthe-
sized glycoproteins in the ER (7). Productive
folding of the polypeptides to which the gly-
cans are attached requires the services of an
ER lectin chaperone called calnexin, which
has been implicated in ERAD (5). If the native
structure of the glycoprotein cannot be
achieved, then it is retained in the ER and
modified by the slow-acting enzyme ER man-
nosidase I (5). This enzyme attaches Man8
glycans to misfolded glycoproteins and in so
doing generates a signal that results in ER-as-
sociated glycoprotein degradation (GERAD).
That GERAD is a distinct branch of the glob-
al ERAD network is supported by the discov-
ery of a proposed receptor for the GERAD
signal (8) and the identification of a ubiquitin
ligase that recognizes sugar chains (9). 

The two new studies identify an inactive
homolog of ER mannosidase I, called
EDEM, as the receptor that binds to Man8
glycans. EDEM is already known to accel-
erate the degradation of misfolded glyco-
proteins in yeast (10), but its involvement in
mammalian protein quality control has not
yet been firmly established (8). The demon-
stration by Molinari et al. (1) and Oda and
colleagues (2) that overexpression of
EDEM results in faster release of misfold-
ed glycoproteins from calnexin and that its
down-regulation prolongs folding attempts
in the ER and delays glycoprotein degrada-
tion (1) puts an end to the uncertainty.

Both studies conclude that EDEM is the
noncatalytic silent partner of ER mannosi-
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