
DOI: 10.1126/science.1243939
, 1184 (2013);341 Science

Jonathan C. Kagan
Sensing Endotoxins from Within

 This copy is for your personal, non-commercial use only.

 clicking here.colleagues, clients, or customers by 
, you can order high-quality copies for yourIf you wish to distribute this article to others

 
 here.following the guidelines 

 can be obtained byPermission to republish or repurpose articles or portions of articles

 
 ): September 18, 2013 www.sciencemag.org (this information is current as of

The following resources related to this article are available online at

 http://www.sciencemag.org/content/341/6151/1184.full.html
version of this article at: 

including high-resolution figures, can be found in the onlineUpdated information and services, 

 http://www.sciencemag.org/content/341/6151/1184.full.html#related
found at:

can berelated to this article A list of selected additional articles on the Science Web sites 

 http://www.sciencemag.org/content/341/6151/1184.full.html#ref-list-1
, 6 of which can be accessed free:cites 15 articlesThis article 

registered trademark of AAAS. 
 is aScience2013 by the American Association for the Advancement of Science; all rights reserved. The title 

CopyrightAmerican Association for the Advancement of Science, 1200 New York Avenue NW, Washington, DC 20005. 
(print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week in December, by theScience 

 o
n 

S
ep

te
m

be
r 

18
, 2

01
3

w
w

w
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fr

om
 

http://oascentral.sciencemag.org/RealMedia/ads/click_lx.ads/sciencemag/cgi/reprint/L22/160506974/Top1/AAAS/PDF-R-and-D-Systems-Science-130301/Luminex_Banner_Ads_Science_432x142.raw/1?x
http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org/content/341/6151/1184.full.html
http://www.sciencemag.org/content/341/6151/1184.full.html#related
http://www.sciencemag.org/content/341/6151/1184.full.html#ref-list-1
http://www.sciencemag.org/


13 SEPTEMBER 2013    VOL 341    SCIENCE    www.sciencemag.org 1184

PERSPECTIVES

Sensing Endotoxins from Within

IMMUNOLOGY

Jonathan C. Kagan

Macrophages respond to bacteria through 

a protein complex that promotes infl ammation 

when activated by internalized bacterial 

endotoxin.
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at the data reveals huge bias, with diversity 

highest in the north temperate zones and most 

data points as birds. We know intuitively that 

biodiversity is not highest in Europe and 

the United States, and that most organisms 

are not birds. Thus, in addition to the robust 

debates about theory and methods that are 

part of today’s biogeography, we must also 

pay attention to improving and adding to the 

underlying data and not neglect it in favor of 

studies that reuse the same data from single 

organism groups.

Today, the science of biogeography is 

more important than it ever has been, as con-

cerns mount over the fate of biodiversity ( 10). 

As a comparative endeavor, it has the poten-

tial to shed light on how life and Earth have 

evolved together. But it is still necessary to 

heed Wallace’s admonition: “None of these 

questions can be satisfactorily answered till 

we have the range of numerous species accu-

rately determined” ( 4). Methods change and 

theories abound in this vibrant branch of sci-

ence, but accurate data for comparison are 

critical for the holistic understanding of the 

relationships between Earth and its biota that 

biogeography seeks.   
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        T
he human innate immune system 

identifies Gram-negative bacteria 

by recognizing lipopolysaccharides 

(LPS), components of the microbial cell wall 

( 1). This detection triggers massive infl am-

matory responses that help eradicate infec-

tions, but may also result in immunopa-

thology if regulated improperly. Hence, 

LPS is also referred to as endotoxin. 

More than a century after its dis-

covery, the molecular basis for the 

inflammatory activity of endo-

toxin was finally revealed by the 

discovery that Toll-like receptor 4 

(TLR4) induces innate and adaptive immune 

responses to LPS ( 2). TLR4 is the founding 

member of the mammalian Toll-like receptor 

family, and its discovery heralded a new age 

in the study of host-microbe interactions. On 

pages 1250 and 1246 of this issue, Hagar et al. 

( 3) and Kayagaki et al. ( 4), respectively, reveal 

the existence of cellular responses to LPS that 

do not depend on TLR4. The search for the 

new LPS receptor can now begin.

For years, it was assumed that TLR4 was 

solely responsible for cellular responses 

induced by LPS ( 5,  6). TLR4-defi cient cells 

are defective for all classically defi ned tran-

scriptional responses to LPS, including the 

expression of inflammatory cytokines and 

interferons ( 7). However, LPS can also induce 

nontranscriptional cellular responses, such as 

autophagy, endocytosis, phagocytosis, and 

oxidative bursts ( 8– 11). Hagar et al. and Kay-

agaki et al. add to this list of atypical responses 

to LPS, by showing that LPS activates the 

formation of an atypical infl ammasome gov-

erned by the enzyme caspase-11.

Infl ammasomes are protein complexes that 

are assembled in the cytosol of macrophages 

in response to a variety of extracellular stimuli 

( 12). The best-defi ned function of infl amma-

somes is to promote the processing and secre-

tion of infl ammatory cytokines of the interleu-

kin-1 (IL-1) family. At the center of the best-

characterized infl ammasomes is the 

enzyme caspase-1, which cleaves 

the precursor of IL-1 in the cytosol 

of macrophages. Cleaved IL-1 fam-

ily members are then secreted to 

induce infl ammation. A second class 

of infl ammasomes also requires cas-

pase-11 to promote IL-1 cleavage 

( 13). These noncanonical infl amma-

somes are activated by intracellular 

bacteria and contribute to the phe-

notypes associated with sepsis. How 

these noncanonical infl ammasomes 

are activated remains unclear.

Hagar et al. and Kayagaki et al. 

recognized that several species of 

Gram-negative bacteria can activate 

caspase-11–dependent IL-1 secre-

tion ( 13). Thus, a molecule com-

mon to Gram-negative bacteria must 

be responsible for activating cas-

pase-11. Both research groups show 

that LPS is the molecule of interest. 

For example, Hagar et al. show that 

when transfected into macrophages, 

cell lysates derived from Gram-neg-

ative bacteria, but not Gram-positive 

bacteria (which contain no LPS), can 
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Sensing lipopolysaccharides. Macrophages respond to 
Gram-negative bacteria by activating transcriptional and non-
transcriptional immune responses. Some of these responses 
are handled by protein complexes called infl ammasomes. An 
intracellular sensor for lipopolysaccharides was revealed, but 
its identity has yet to be determined.
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        R
ecently, there has been rapid prog-

ress in the development of a new 

generation of optical atomic clocks 

that operate at frequencies around f ive 

orders of magnitude higher than their micro-

wave predecessors. Because the instability 

of an atomic clock is inversely proportional 

to its operating frequency, optical clocks 

offer the prospect of achieving substan-

tial improvements in measurement preci-

sion, potentially at the level of 1 part in 1018 

for averaging times of a few hundred sec-

onds. On page 1215 of this issue, Hinkley 

et al. ( 1) report an important step toward 

reaching this goal: a comparison between 

two ytterbium optical lattice clocks that 

demonstrates unprecedented clock instabil-

ity of 1.6 parts in 1018 for an averaging time 

of 7 hours.

Optical atomic clocks are based on ultra-

stable lasers that are stabilized to narrow 

atomic absorption features (clock transitions) 

in the optical region of the electromagnetic 

spectrum. Two different types of atomic ref-

erence are being studied as candidates for 

optical clocks, based on clock transitions in 

either single laser-cooled trapped ions ( 2) or 

thousands of laser-cooled atoms trapped in 

an optical lattice ( 3). The optical lattice type 

is advantageous with respect to theoretically 

achievable instability, because a larger num-

ber of atoms yields an improved signal-to-

noise ratio in the measurement of the atomic 

absorption frequency.

Despite this theoretical advantage, the 

demonstrated stability of optical lattice clocks 

was, until recently, similar to that of optical 

clocks based on single ions, mainly because 

of technical limitations imposed by the noise 

of the clock laser used to probe the narrow 

absorption feature. Because a measurement 

cycle includes time for laser cooling and 

state preparation of the atoms, the difference 

between the clock laser frequency and the 

atomic absorption frequency is measured only 

during a fraction of the complete cycle time. 

This periodic sampling of the clock laser noise 

degrades the achievable stability of the clock, 

a phenomenon known as the Dick effect ( 4).

When comparing two optical lattice 

clocks, the Dick effect can be eliminated 

by probing the two clock transitions syn-

chronously with the same clock laser ( 5). 

Although this procedure can be useful in 

reducing the averaging times required to 

evaluate the performance of the clock, it 

does not improve the instability of each indi-

vidual clock as a timekeeping device. Other 

approaches to minimizing the Dick effect, 

such as reducing the instability of the clock 

laser and minimizing the dead time in the 

measurement cycle, are required. Key to the 

new results reported by Hinkley et al. is their 

Opportunities Knock with 
a More Stable Optical Clock

PHYSICS
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Improvements in the stability of atomic clocks 

could enable local gravity measurements and 

tests of fundamental physics.
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activate caspase-11. This effect was insensi-

tive to proteases and nucleases, thus ruling 

out the actions of any protein or DNA/RNA 

species in the bacterial lysate. However, the 

effect was lost when the lysate was treated 

with ammonium hydroxide, a chemical that 

inactivates LPS. Both Hagar et al. and Kay-

agaki et al. showed that transfection of pure 

LPS into macrophages was suffi cient to acti-

vate caspase-11.

Interestingly, both Hagar et al. and Kay-

agaki et al. found that to activate this non-

canonical infl ammasome, LPS must be in a 

complex with transfection reagents, or some 

other means of delivering LPS into the intra-

cellular compartment(s) of the cell. Because 

TLR4 senses LPS in the extracellular envi-

ronment, this observation suggested that 

TLR4 was not responsible for activating cas-

pase-11. Indeed, macrophages lacking TLR4 

retained the ability to activate caspase-11 in 

response to transfected LPS. Thus, an addi-

tional LPS sensor must be present within 

cells. These studies provide the mandate to 

begin the search for this protein, and under-

stand its function in host-microbe interac-

tions and infl ammation.

Although the identity of this new LPS sen-

sor remains unknown, the studies by Hagar et 

al. and Kayagaki et al. provide some clues as to 

where this protein may reside in the cell. That 

LPS must be delivered into the cell suggests 

that the LPS sensor is present in an intracellu-

lar location. Hagar et al. showed that LPS can 

activate caspase-11 if it is in a complex with 

the Gram-positive bacteria Listeria monocy-

togenes, but only if the bacteria can enter the 

cytosol of the host cell. This indicates that the 

LPS sensor is a cytosolic protein. However, 

both studies also used the B subunit of chol-

era toxin as an “LPS delivery vehicle.” Chol-

era toxin B follows a retrograde vesicular traf-

fi cking pathway from the plasma membrane 

to the lumen of the endoplasmic reticulum, 

but never accesses the cytosol ( 14). This raises 

the intriguing possibility that the LPS sensor 

does not reside in the cytosol, but instead in an 

intracellular compartment. Future genetic and 

cell biological studies are necessary to eluci-

date this fascinating new LPS sensory system.

The identifi cation of a cellular response to 

LPS that does not require TLR4 draws paral-

lels with recent work on other nontranscrip-

tional responses to LPS. For example, the abil-

ity of LPS to induce endocytosis is controlled 

not by TLR4, but rather by the protein CD14 

( 15). Thus, a theme is emerging whereby 

TLR4 controls all transcriptional responses to 

LPS, but at least some of the equally important 

nontranscriptional responses are controlled by 

receptors other than TLR4 (see the fi gure). A 

future challenge will be to defi ne not only the 

regulators of this new LPS response, but also 

how all responses to bacteria are intercon-

nected in space and time. 
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