
487

EDITED BY STELLA HURTLEY

C
R

E
D

IT
S

 (
T

O
P

 T
O

 B
O

T
T

O
M

):
 N

A
S

A
; 
H

U
 E

T
 A

L
.

www.sciencemag.org    SCIENCE    VOL 339    1 FEBRUARY 2013

Exploiting Carbon 
Nanotubes
Individual defect-free carbon nanotubes can 

have exceptional mechanical, thermal, and 

electrical properties, which has led to specula-

tion on a wide range of potential applications.   

However, challenges in growing large quantities 

of pure nanotubes, and for some applications 

tubes of only one type, have limited their wide-

spread use.  De Volder et al. (p. 535) review 

the efforts that have been made to scale up car-

bon nanotube production and discuss a number 

of applications where enhanced materials have 

made use of carbon nanotubes.

The Third Way   
Because organic carbon contains a larger frac-

tion of the light isotope 12C than inorganic car-

bonate, variations in the carbon isotopic record 

of sedimentary rocks are thought to represent 

changes in the amount of organic carbon buried 

as sediments (and thus removed from the rest 

of the carbon cycle).  Schrag et al. (p. 540; see 

the Perspective by Canfi eld and Kump) suggest 

that historically a third component was impor-

tant: authigenic carbonate.  Authigenic carbon-

ate is not produced in any appreciable quantity 

today, but was much more abundant when the 

level of atmospheric oxygen was low.  

Not Just Wasting
Malnutrition is well known in Malawi, including 

a severe form—kwashiorkor—in which children 

do not simply waste away, they also suffer edema, 

liver damage, skin ulceration, and anorexia. 

Smith et al. (p. 548; see the Perspective by 

Relman) investigated the microbiota of pairs of 

twins in Malawian villages and found notable 

differences in the composition of the gut mi-

crobiota in children with kwashiorkor. In these 

children, a bacterial species related to Desul-

fovibrio, which has been associated with bowel 

disease and infl ammation, was noticeable. 

When the fecal fl ora from either the healthy 

or the sick twin was transplanted into groups 

of germ-free mice, the mice that received the 

kwashiorkor sample started to lose weight, like 

their human counterpart. 

Nanoscale NMR with 
Diamond Defects
Although nuclear magnetic resonance (NMR) 

methods can be used for spatial imaging, the 

low sensitivity of detectors limits the minimum 

sample size. Two reports now describe the use of 

near-surface nitrogen-vacancy (NV) defects in 

diamond for detecting nanotesla magnetic fi elds 

from very small volumes of material (see the 

Perspective by Hemmer). The spin of the defect 

can be detected by changes in its fl uorescence, 

which allows proton NMR of organic samples 

only a few nanometers thick on the diamond 

surface. Mamin et al. (p. 557) used a combina-

tion of electron spin echoes and pulsed NMR 

manipulation of the proton spins to detect the 

very weak fi elds. Staudacher et al. (p. 561) 

measured statistical polarization of a population 

of about 104 spins near the NV center with a 

dynamical decoupling method.

The Power of the 
Collective

Sensing the environment is generally 

considered to require signifi cant cogni-

tive sampling and comparison, not to 

mention time. However, species that do 

not necessarily have the cognitive ability, 

or the time, have also proven to be quite 

adept at sensing and evaluating their 

environment. Berdahl et al. (p. 574) show 

that in shiners, a species of schooling fi sh, 

mere attraction to, and movement toward, 

neighboring individuals allows the group to 

track preferred darkness in a variable-light 

environment. 

Phage Invasion
Bacteriophages are responsible for much of 

bacterial evolution, both by imposing selection 

for resistance to infection and by horizontal 

gene transfer of host genes to new bacteria. 

However, we know surprisingly little about the 

initiation of phage infection. Hu et al. 

(p. 576, published online 10 January) used 

high-throughput cryo–

electron tomography 

and sub-volume 

analysis to examine 

Escherichia coli mini-

cells infected with both 

wild-type and mutant 

T7 bacteriophages. 

High-resolution views 

of phage structures 

at different stages of 

infection reveal the de 

novo formation of an 

extended tail by the ejection of internal head 

proteins, in order to form the channel for DNA 

transport into the cytoplasm.  

Dissecting Microtubule 
Stability
Microtubule-stabilizing agents (MSAs), like 

taxol, inhibit cell division and are widely used 

in cancer chemotherapy. Prota et al. (p. 587, 

published online 3 January) present structural 

data on the molecular mechanism of action of 

antimitotic drugs. Tubulin structures in complex 

with the MSAs zampanolide and epothilone A, 

revealed a general mechanism for how MSAs 

promote microtubule assembly and stability by 

affecting lateral tubulin interactions. 

   

As the combined effects of Antarctic strato-

spheric ozone depletion and climate warm-

ing have forced the westerly surface winds 

in the Southern Hemisphere to shift 

toward the pole, mixing between the 

upper ocean and deeper waters has 

also changed.  Waugh et al. (p. 568) 

now show that water originating at the 

surface at subtropical latitudes is mix-

ing into the deeper ocean at a higher 

rate than 20 years ago, while the reverse 

is true for those originating at higher 

latitudes. The summer westerly winds 

that blow in the Southern Hemisphere have 

shifted toward the South Pole over the past sev-

eral decades, but why? Lee and Feldstein (p. 563) 

show that greenhouse gas forcing and ozone depletion 

impart different signatures to wind patterns and conclude 

that ozone depletion has been responsible for more than half of the observed shift.  

The Change of Winds >>
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