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establish synchroneity. Glacial records 
from two areas in the central Andes, where 
deposits are well dated, demonstrate that 
glacial advances once thought to be of 
possible YD age are, in fact, older than the 
YD by several centuries; glaciers in these 
regions were rapidly retreating during the 
YD (8). 

Bennett et al. make a compelling case 
for the absence of a YD cooling based on 
sediment cores from four lakes on the 
Taitao peninsula and Chonchos archipela- 
go, southern Chile. Each core, dated by 
radiocarbon, spans the last deglaciation 
and includes the critical YD interval. 
They note the progressive southward mi- 
gration of decreasingly cold-tolerant trees 
through the last deglaciation with no evi- 
dence of a reversal at any time. The 
steady temperature rise through this cli- 
matic transition implied by these data is 
consistent with results from several other 
paleobotanical studies from southern 

South America (9) yet is in striking con- 
trast with records of Southern Hemi- 
sphere glacier advances (6, 8), isotope 
paleotemperature data from ice cores 
from maritime Antarctica and the central 
Andes (lo), and other paleobotanical data 
from elsewhere in South America (11). 

These apparent discrepancies cannot 
easily be explained. It is possible that the 
aforementioned glacier advances reflect 
episodic increases in precipitation and 
only small decreases in temperatur-too 
small to impact the southward spread of 
cold-intolerant tree species on the land- 
scape. On the other hand, if the location 
of the Bennett et al. study area was not 
close to a boundary between trees of dif- 
ferent cold tolerance at the time of the 
onset of a cool event, such as the YD, 
one would not expect to see a strong 
pollen signature of the cooling. One 
thing is certain: Much remains to be 
learned about the timing, geographic ex- 

tent, and causes of millennial-scale cli- 
matic variability. 
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PEllSPLCTIVES: PHOTOCHEMISTRY 
sorbs a photon, the excited state rapidly 

Twist and Fluoresce twists to 90' and then undergoes a radia- 
tionless transition to the ground-state sur- 
face, ending up somewhere near the 

John I. Brauman ground-state potential energy maximum. 
Subsequent rotation produces the isomeric 

T he immune system is an immensely 
A 

product, cis-stilbene. 
powerful apparatus capable of mak- The time required for twisting in the 
ing proteins that bind other molecules excited state is short compared with the 

with great strength and selectivity. Its nor- fluorescence lifetime, so relatively little 
ma1 function is to make proteins (antibod- fluorescence emission is observed. If the 
ies) that sequester "foreign" substances. rate of rotation is slowed, for example, by 
This molecular recognition has recently placing stilbene in a viscous medium or by 
been used to create proteins that act as cata- geometrically preventing the rotation, then 
lysts (catalytic antibodies) by making them @ fluorescence is observed (4). 
bind to molecules with structures similar to g Some of the features of the stilbene- 
that of the transition state of the reaction. w antibody photochemistry observed by 
The underlying view is that of enzyme Simeonov et al. (2) can be explained on 
catalysis as transition state binding. Com- the basis of these previous studies. For ex- 
bined with the ability to make monoclonal ample, it is not particularly surprising that 
antibodies, it is now possible to use the irn- the antibodies inhibit stilbene isomeriza- 
mune system to engineer new catalysts (I). al. show for one stil- 

On page 307 of this issue, Sirneonov et lex (Z), the antibody 
al. (2) report the application of this approach the cis-stilbene only weakly and in- 
to a new area, namely photochemical pro- - 
cesses and reactions. Antibodies have been Wlst angle Nevertheless, much of the observed 
made that exhibit extraordmary photochem- photochemistry is still unexpected. Stil- 
ishy They b i d  trans-stilbene, and, when b ~ ~ ~ ~ ~ ~ ~ $ ~ d ~  for benes that are constrained from rotational 
radiated, the stilbene does not isomerize but isomerization are known to fluoresce, but 
instead exhibits intense fluorescence. 

To understand why this is remarkable, 
we have to look at the usual photochem- 
istry of stilbene, which has been studied 
extensively (3). Stilbene readily undergoes 
photochemical trans + cis isomerization 
and shows only weak fluorescence. This 
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behavior can be understood in the context 
of the ground- and excited-state potential 
energy surfaces. In the ground state, a 90' 
rotation around the C-C double bond costs 
roughly 45 kcal/mol (the energy of the n 
bond that has been broken). In contrast, 
the orbital to which the electron is pho- 
toexcited has antibonding character in the 
double bond, and the excited state has a 
minimum at 90". When tram-stilbene ab- 

the spectra of the stilbene-antibody com- 
plexes are clearly different from that of stil- 
bene itself. Moreover, a study of the time 
and temperature dependence of the fluores- 
cence emission reveals that the process 
leading to the fluorescence is rather com- 
plex. Much of the fluorescence is quenched 
at low temperature, but at temperatures 
above 250 K., the fluorescence occurs with 
two separate time scales: a very fast one 
characteristic of isolated stilbene, followed 
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by a slower, redshifted emission. This long- the indole ring of a tryptophan (2), with lar motion within the antibody on a very 
wavelength fluorescence is characteristic of which it forms an exciplex. This intermedi- fast time scale. Fluorescent antibodies may 
a complex between the initial excited state ate fluoresces at longer wavelength and on find applications in immunochemistry, 
and another molecule. This exciplex (excit- a longer time scale. When the temperature histological assays, and genomic studies. 
ed-state complex) is lower in energy than is lowered below 250 K, the motions re- 
the initial excited state, and because it is quired for forming the exciplex are too slow References 
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P E R S P E C T I V E S :  M I C R O B I O L O G Y  
The CDTs are multisubunit toxins 

Arresting Features of composed of three proteins-CdtA, CdtB, 
and CdtC. To determine which of the 

Bacterial Toxins 
three subunits is able to halt the cell cy- 
cle, Lara-Tejero and Galan (1) expressed 
each of the three CDT genes from the in- 

Jenifer Coburn and John M. Leong testinal pathogen Campylobacter jejuni 
in mammalian cells. Whereas cells ex- 

M
any bacterial pathogens make pro- pressing CdtA and CdtC appeared nor- 
tein toxins that work in fascinating mal, those expressing CdtB displayed 
ways to disrupt the normal pro- drastic alterations in their nuclei. Mi- 

cesses of host cells. These bacterial toxins croinjection of small amounts of purified 
are key factors in determining the outcome CdtB subunit alone recapitulated all of 
of infection and are among the most potent the morphological changes typically asso- 
poisons known to humankind. Two recent ciated with CDTs. The investigators used 
reports, one by Lara-Tejero and Galan ( I )  an updated algorithm to search protein 
on page 354 of this issue and the other by databases to determine whether CdtB 
Elwell and Dreyfus (2) in a recent issue of contained any motifs that have been 
Molecular Microbiology, provide another found in other proteins. They spotted 
example of how these powerful weapons homology between the amino 
disrupt the host cell.- he two &dies Damaged DNA acid sequences of C. jejuni 
demonstrate that a family of bacterial tox- Normal cells + CDT CDT and mammalian 
ins called the cytolethal distending toxins deoxyribonuclease 
(CDTs) are enzymes that attack DNA in I (DNase I). This 
the host cell nucleus. In contrast, almost all finding was noted 
bacterial toxins that act inside host cells ei- ?<@~\~& 

ther destroy or modify host cell proteins. Growth 
The CDTs are secreted by a diverse 

group of bacterial pathogens, including 
several that are important causes of gas- Cell division, Growth / 
trointestinal illness (3). As the name im- mitosis sequences of  mam- mArrest 
plies, these toxins cause marked swelling mu 
and eventual death of many types of cul- 

Cellular distension / Enzyme activities of toxin terrorists. tured mammalian cells. The two new stud- 
ies now suggest how the CDTs cause ar- 

Eventual death The CdtB subunit of CDT, a DNase, is im- 

rest of host cells in G2phase of the cell ported into the nucleus where i t  attacks the 

cycle-that is, after DNA replication in S 
DNA being replicated during 5 phase, activating 

phase but before the cell divides into two 
the DNA damage response pathway. This path- 
way maintains Cdc2 (a key regulatory protein) 

daughters during mitosis (4)-leading to in its inactive state, resulting in  arrest of the 
cell destruction (see the figure). host cell in G, phase of the cell cycle. Contin- 

ued biosynthesis by the arrested host cell leads 
J. Coburn is in the Division of Rheurnatology and Im- t o  distension of the cytoplasm. DNA damage 

munology, Department of Medicine, Tufts-New Eng- caused by CdtB results in chromatin fragmen- 

land Medical Center, Boston, MA 021 11, USA. J. M. tation and eventual cell death. [Photographs of 
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