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of her lab to confess that she and Bob are asyinlnetric beam splitter. Certificatio~l of formation stored in the state of a quanhlm 
usillg quantum teleportation to transport successful teleportation came from dem- system is inaccessible. it call be used in 
the quantuln state of the sbving, and she onstrating that the teleported state matched quantum cryptography and quantum com- 
generously offers to explain how teleporta- the input coherent state better than the un- putation. The apparently restrictive features 
tion works. For each experiment, she and certainty principle would allow if Alice of quantuin mechanics turn out on closer 
Bob use a pair of swings, one at her lab 
and one at his, which are prepared in ad- 
vance in the sort of e~ l ta~ lg led  quantum 
state introduced by Einstein, Podolsky, and 
Rose11 (EPR) in their classic 1935 paper 
(7) .  111 the EPR state, both swings have 
completely uncertain positio~ls and mo- 
menta, but their positions and nlonlenta 
are correlated in a specific way. If Alice 
measures the position of her swing, she 
can predict with certainty that Bob's swing 
has the salne position; likewise, if she 
measures mome~~tum,  she can predict that 
Bob's swing has the opposite momentum. 

Alice uses eilta~lglelnent in one other 
way. Whe11 she brings your swing into the 
lab, she makes two entangled measure- 
lnents involving your swing and her swing 
from the EPR pair. She nleasures the dif- 
ference betbveen the two smrings' positions - .  

and the sun1 of their momenta-measure- 
lnents permitted by quantuin mechanics 
The posi t io~l  and momentuln of Alice's 
swing being completely uncer ta i~~ ,  these 
lneasuremellts have u~lpredictable results, 
which by themselves provide no informa- 
tion about the position or nioinentum of 
your swing. Yet because of the entangle- 
ment, Alice kllows that Bob's swing froin 
the EPR pair has the position and momen- 
tum of your swing, offset by the ra~ldom 
results of her measurements. She commu- 
nicates the measusenlent results to Bob, 
who applies suitable forces to his member 
of the EPR pair to remove the offsets, thus 
reconstructing in his swing the quantum 
state that your swing had ~mtlally. 

The Caltech experiment teleported the 
coherent-state osclllatlons of the electio- 
inagnetlc fields 111 a Ilght beam, the big 
difference froin the tale being that the two 

u 

cities were in the same room at Caltech. 
An optical parametric oscillator (OPO) 
generated the entangled light beams. one 
of which was sent to Alice and one to Bob. 
Although the perfect correlations of ail 
EPR state are an unattainable limit, the 
"squeezed states" generated by the OPO 
had sufficient entanglement to do the job. 
Alice made her two entangled measure- 
ments by first combining, at a 50150 beam 
splitter, her output from the OPO with the 
cohere~lt state to be teleported and then 
mal<iag homodyne nleasure~nents 011 the 
two outputs of the beam splitter. Bob cor- 
rected the state of his output froin the OPO 
by using Alice's lneasurenlent results to 
modulate the alnplitude and phase of a 
strong laser beam, which he combined 
wit11 his output from the OPO at a highly 

ineasured the coherent-state input and sent 
the results to Bob. 

The uacertainty-principle limits on mea- 
suring and duplicating a q~iantuin state are a 
special case of the illore general restriction 
that quantum mechanics does not allow one 
to distinguish and identify nonorthogonal 
quantum states. This quantum-mechanical 
liinitatio~~, long thought to prohibit telepor- 
tation, turns out to be an essential feature of 
the e~lta~lglement-based telepoliatio~l proce- 
dure The infornlation Alice transmits to 
Bob provides no information about the tele- 
oorted state. 

This two-faced character of q u a ~ l t u ~ n  
inechanics seems to be a common theme in 
the emerging field of quantuni infolmatio~l 
science. Although the huge amount of in- 

examination to allorv quantum systems to 
perform information-processillg tasks that 
\vould be iinpossible in a classical \vorld. 
Quantuln teleportation of two-state systems 
or harmonic oscillators is a first step in de- 
veloping an array of techniques for process- 
ing and thus taking advantage of the power 
of quantum i~lfonnation. 
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Chlamydia: Old Ideas Crushed, 
New Mysteries Bared 

Thomas Hatch 

T he report by Stephens and colleagues 
on page 754 of this week's issue sum- 
marizes the major findings of  the 

C l i l ~ ~ r i ~ y ~ l i ~ ~  tl.c~cho~?~atis genoine sequenc- 
ing project, funded by the National Insti- 
tutes of Health (1). Unlike other bacteria 
whose genome sequences have been pub- 
lished chlaniydia have an obligatory intra- 
cellular life-style, growing only within the 
cells of eul<aryotic organisms. Its genome 
sequence reveals how chlaniydiae have 
adapted to this nutrient-rich yet potentially 
hostile environment. As an additional bell- 
efit, the sequence provides a powerful tool 
for chlamydia1 research, \vhich has been 
hampered by the-difficulty of propagating 
large numbers of orga~lisnls and by the 
lack of a f~lnctional systenl for genetic 
transformation. 

CI~lcli?~ydin tr~acl~or?~crtis is the agent of 
trachoma (still a major cause of  blind- 
ness in Asia and Africa) and is the inost 
coinmoll bacterial sexually transmitted 
disease in the United States. Cl~lariij~dia 
pvezrrizoniae, which is a lso being se-  
quenced as part of the ongoi~lg Chlamy- 
dia Genoine Project, is a common cause 
of a usually niild, colnmu~lity-acquired 
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pneuinonia This organism, howe\ er, call 
spread from the respiratory tract into 
other paits of the body and has been de- 
tected in up to 70% of atherornatous le- 
s lo~ls  in blood \essels (2). Although ex- 
actly how C pneurnor~~cle contributes to 
the pathogenesis of atherosclerosis re- 
inains u ~ l k n o w ~ ~ ,  prophylactic antibiotic 
trials are planned for individuals at high- 
risk for coronary disease (3). 

The roughly 1 million-base pair se- 
quence has revealed surprises, as inuch by 
what was found as what was not found. 
For years chlainydiae were thought to lack 
key enzymes and cellular machinery for 
generating ATP, instead sequestering host 
nucleoside triphosphates by translocation 
mecha~lisms (4). The new sequence does 
reveal two potential ATP/ADP translocas- 
es, but it also identifies genes that may al- 
low chlamydiae to generate at least mini- 
inal amou~lts of ATP on its own. 

A long-standing paradox has been the 
inhibition of chlainydial cell division by 
penicillin in the apparent absence of the 
principal penicillin target, peptidoglycan 
( 5 ) .  The  pept idoglycan def ic iency  is 
thought to be co~npe~lsa ted  by a unique 
disulf ide-cross- l inld,  suprainolecular 
~ r o t e i n  comolex in the cell wall. which 
pro\ldes the structural stability ~lormally 
afforded by peptidoglycan (6) The se- 
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quence has revealed the surprising result 
that chlamydiae actually have a full com- 
plement of peptidoglycan synthesis genes. 
But how much peptidoglycan is in fact 
made and for what purpose? 

A unique family of four large surface-ex- 
posed outer membrane proteins (POMPs) 
were recently identified in C. psittaci (7). It 
was therefore not surprising to find or- 
thologs in C. tmchomatk. What was surpris- 
ing was to find 9 POMP genes in C. tra- 

metabolite4ch ecological niche occupied 
by chlamydiae. The absence of others, 
such as the highly conserved FtsZ gene 
that is found in Archaea and all Bacteria 
so far examined, defies simple explana- 
tion. FtsZ, a guanosine triphosphatase re- 
quired for septum formation, was previ- 
ously thought to be absolutely required for 
cell division of prokaryotes. 

Perhaps the most intriguing finding 
for evolutionary microbiologists is that 

doglycan in the cell envelope and the ab- 
sence of key Fts proteins? What is the 
function of the POMPs? Escape from host 
immune defenses? Adaptation to different 
host-cell types? 

The findings of this genome project ex- 
tend earlier observations that suggested 
that chlamydial growth likely is restricted 
to an intracellular environment in nature 
because of unusual nutritional require- 
ments found only in the cytoplasm of liv- 

chomatis and 18 in the unfin- ing cells. It is not clear, 
ished C. pneumoniae genome however, from the genome 
(8). Why so many paralogs in sequence what nutritional 
bacteria with small genomes? cocktail will permit host- 

The genes encoding an- free growth in the labora- 
other potential surface struc- tory. Moreover, the inclu- 
ture, a type 111 secretion ap- sion membrane may be in- 
paratus, were also found, ex- dispensably linked to nu- 
tending an earlier study (9). trient acquisition, making 
Type 111 secretory systems attempts to achieve host- 
not only permit export of free growth an impractical 
proteins out of Gram-nega- if not futile effort. Finally, 
tive bacteria but also facili- the number of potential 

6 tate entry of the exported peptides identified in the 
g proteins into host cells with sequence that have no 
2 which the bacteria make Chlamydiae revealed. (Left) Scanning electron micrograph showing regularly known relatives in other 
8 contact, T~~~ 111 secretion is spaced, dome-shaped bulges (arrowheads) on one hemisphere of chlamydiae. organisms is 236, or 27% 
; common to many Gram-neg- (Right) Transmission electron micrograph of envelope complexes revealing projec- of the total, not much dif- 
3 ative pathogens of plants and tions (upper right) that extend from the center of the domes, through the chlamy- ferent on a percentage ba- 

dial inclusion membrane.The structures, long a mystery, may be part of a secretion sis from that of other se- a and the bat- apparatus that allows chlamydiae to alter host functions, thereby permitting its 
teria invade host Or intracellular survival and growth. quenced bacteria. Never- 

$ to subvert host defense theless, some of the 
mechanisms. The structural chlamydia1 proteins that 

3 genes and those for assembly of the appa- chlamydiae appear to have acquired an un- have aroused the most biological interest 
2 ratus are conserved, but the substrates, usual number of eukaryotic genes, 20 or in the past-the major outer membrane 

which are secreted directly into host eu- more, as compared to 3 or 4 in other bac- protein, the newly discovered POMPs, the 
karyotic cells, tend to be unique to the teria whose genomes have been se- major proteins involved in the disulfide- 
species. Over 20 years ago, Matsumoto quenced. Many of these genes more close- linked envelope protein complex, and the 

P noted dome-shaped structures on the sur- ly resemble those of plants than those of inclusion membrane proteins-are unique 
face of chlamydiae, through which fila- animals. Chlamydia-likeintracellular bac- to chlamydiae. It would not be surprising, 

2 mentous projections extend (see the fig- teria have been found in the protozoan then, if the many mysteries still enshroud- 
ure). The projections were later found to Acanthamoeba, and Stephens et al. (1) ing these intracellular parasitic bacteria re- 

? penetrate through the vacuolar (inclu- suggest the possibility that the ancestors of main unsolved until the functions of these 
sion) membrane within which chlamydi- present-day chlamydiae may have first es- proteins are known. 
ae reside throughout their intracellular tablished an intracellular life-style in a 
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