
17 SEPTEMBER 2010    VOL 329    SCIENCE    www.sciencemag.org 1474

PERSPECTIVES

can then engage distinct protein modifi cation 

pathways. While such a mechanism would be 

unusual, it is not completely unprecedented. 

Recent work on the eukaryotic signal rec-

ognition particle also points to the potential 

importance of nascent proteins folding within 

the ribosomal tunnel ( 11). Whatever the exact 

mechanism, the discovery of Zhang et al. 

that synonymous codon changes can so pro-

foundly change the role of a protein adds a 

new level of complexity to how we interpret 

the genetic code. 
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Aerosols in Clearer Focus

ATMOSPHERIC SCIENCE

Urs Baltensperger

Two studies provide insight into aerosol 

characteristics and cloud formation in regions 

with widely different aerosol concentrations.

        A
tmospheric aerosols—micro-

scopic liquid or solid par-

ticles suspended in Earth’s 

atmosphere—can harm human health 

( 1) as well as influence climate by 

absorbing and refl ecting solar radia-

tion and modifying cloud formation 

( 2). Our ability to fully describe the 

role of aerosols in the climate system, 

however, has been limited by uncer-

tainty surrounding aerosol distribu-

tion and characteristics. Two papers in 

this issue help reduce this uncertainty 

by providing data from two regions 

where coverage was poor. On page 

1488, Clarke and Kapustin ( 3) detail 

aerosol profi les from both relatively 

pristine and polluted areas over the 

Pacifi c Ocean. On page 1513, Pöschl 

et al. ( 4) report on aerosols and cloud 

formation over the Amazon, where 

conditions may approximate those 

that existed in preindustrial times.

Health-related monitoring typically 

focuses on measuring aerosol mass concen-

trations, but a suite of additional variables 

comes into play when dealing with climate 

issues. Climate researchers, for instance, want 

to know how aerosols scatter or absorb light 

to calculate aerosol optical depth (AOD), an 

important measure of atmospheric transpar-

ency, which can directly affect climate. They 

also want to know how many cloud condensa-

tion nuclei (CCN) are available to form cloud 

droplets; the radiative properties of clouds 

are influenced by the CCN concentration, 

an effect known as the indirect aerosol effect 

on climate ( 5). Clarke and Kapustin present 

data on AOD and a CCN proxy (the number 

of particles surviving a 1- to 2-s exposure to 

300°C) from about 1000 vertical profi les col-

lected over 13 years. The data show that, in the 

Pacifi c regions most infl uenced by anthropo-

genic activities such as the burning of fossil 

fuels and biomass, AOD, CCN, and all other 

measured aerosol variables are higher—by 

more than an order of magnitude—than in 

cleaner regions. They conclude that increased 

aerosols from combustion are directly and 

indirectly infl uencing climate.

Andreae ( 6) argues that prehuman aerosol 

levels were very similar over continents and 

oceans. He concludes that, before the onset 

of human-induced pollution, the microphys-

ical properties of clouds that formed over 

the continents resembled those that formed 

over the oceans. Today, however, cloud pro-

cesses over most continents are shaped 

by the effects of human perturbation.

Pöschl et al. report on cloud formation 

over one region where preindustrial condi-

tions may still occur: the Amazon during the 

wet season. They characterized aerosols in 

air masses that moved over the region for an 

11-day period in March 2008. They found that 

the majority of CCN were composed of sec-

ondary organic material formed by oxidation 

of gaseous biogenic precursors (apparently 

from forest biota). They showed that aero-

sol-cloud interactions in this environment 

are distinctly different from those in polluted 

regions. In particular, they suggest that cloud 

formation over the pristine Amazon is limited 

by the number of available aerosol particles; 

in contrast, in polluted regions the formation 

of cloud droplets is limited by the velocity 

of the updrafts that carry particles into the 
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Aerosols into cloud droplets. (Left) The red curve presents a typical number size distribution of dry aerosol particles 
from the mountain site Jungfraujoch, Switzerland ( 11). The red shaded area represents particles that are activated to 
cloud droplets at a very low supersaturation (0.1%); orange and yellow areas represent activated particles for increasing 
supersaturation up to 1%. Critical diameters for Jungfraujoch aerosols can vary slightly with water solubility, surface ten-
sion, or mixing state ( 12); however, size is the most important parameter ( 13). The blue distribution represents an exam-
ple of the size distribution of cloud droplets measured at the Jungfraujoch ( 7). (Right) When ice crystals are formed, 
water vapor is transported from the cloud droplets to the ice crystals because of the lower saturation vapor pressure over 
ice than over liquid water. This eventually results in evaporation of the cloud droplets, and the radiative properties of the 
cloud are no longer infl uenced by the number of CCN but only by the properties of the ice nuclei (IN) and ice crystals.
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A Never-Ending Story

BIOCHEMISTRY

Britt-Marie Sjöberg

Revealing another way cells make DNA 

building blocks, this time with manganese.

        M
ore than 50 years ago, Reichard 

and colleagues elucidated how 

cells make their DNA building 

blocks—the deoxyribonucleotides or dNTPs 

( 1). They found that the enzyme ribonucle-

otide reductase (RNR) converts ribonucle-

otides (RNA building blocks) to correspond-

ing dNTPs. One would expect that such a 

central pathway for all living cells would be 

meticulously mapped by now. Yes—and no. 

Researchers have described several classes 

and subclasses of RNRs (see the fi gure) that 

appear to have the same evolutionary origin 

( 2– 5), but involve different chemical cofac-

tors, and so enable cells to construct dNTPs 

under different environmental conditions. 

Whenever the fi eld seems settled, however, 

fascinating new aspects appear ( 1,  2). On 

page 1526 of this issue, Boal et al. ( 3) report 

crystal structures of RNR complexes from the 

bacterium Escherichia coli that, together with 

earlier studies, confi rm and neatly illuminate 

yet another way cells can construct dNTPs, 

this time with the help of manganese (Mn).

Early researchers initially identifi ed two 

classes of RNR: class I, which is character-

ized by a nonheme diiron center and a pro-

tein-derived tyrosyl radical (FeIII

2
-Tyr•); and 

class II, which involve the vitamin B
12

 coen-

zyme 5′-deoxyadenosylcobalamin (AdoCbl). 

Both of these RNR classes operate when oxy-

gen is present (aerobic conditions). Later, 

investigators identified an anaerobic class 

III RNR, which involves a glycyl radical 

cofactor (Gly•) generated by an iron-sulfur 

cluster that cleaves S-adenosylmethionine 

(AdoMet). Despite structural differences and 

the involvement of different cofactors (see 

the fi gure), all RNR classes have a common 

origin and generate a transient thiyl radical 

(Cys•) in the active site.

In 1988, investigators isolated a Mn–

dependent RNR from Corynebacterium 

ammoniagenes ( 6). It was not recognized 

as its own class, however; gene sequencing 

classifi ed it as part of RNR class Ib, a sub-

class of class I. In addition, the role of Mn 

was unclear, since the new RNR was active 

in vitro with an iron cofactor (FeIII

2
-Tyr•) ( 7). 

Now, Boal et al., together with Cox et al. ( 8), 

highlight the importance of the Mn form of 

the class Ib RNR in C. ammoniagenes and 

E. coli. The work also highlights the role of 

the protein NrdI, a fl avodoxin that is a cru-

cial player in the formation of Mn-RNR. NrdI 

is encoded in the same operon as NrdE and 

NrdF, the two components of the known class 

Ib RNR. NrdI is essential for the formation of 

Tyr• in Mn-NrdF ( 9).

The NrdIs are unusual fl avodoxins. They 

are smaller than classical fl avodoxins, with 

one notable variation in the loop that interacts 

with the fl avin mononucleotide (FMN) ( 3, 

 10). Recent structures for NrdIs from Bacil-

lus anthracis ( 10), Bacillus cereus ( 11), and E. 

coli ( 3) cover the three redox forms of FMN 

(oxidized, semiquinone, and hydroquinone). 

Whereas the two redox potentials of classical 

fl avodoxin differ by more than 100 mV ( 12), 

E. coli NrdI maintains two almost identical 

redox potentials ( 9). The semiquinone form 

is thus transient in E. coli NrdI, which proba-

bly functions as a two-electron donor. Several 

NrdIs differ markedly from classical fl avo-

doxin in their isoelectric points (pIs). Whereas 

fl avodoxins have very similar pIs (4.5 ± 0.6), 

those of E. coli and C. ammoniagenes NrdIs 

are much higher, and B. cereus and B. anthra-

cis NrdIs have pIs like those of fl avodoxins 

( 11). Both B. cereus and B. anthracis NrdIs 
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higher atmosphere, where they “activate” 

into cloud droplets.

Pöschl et al. report that low aerosol con-

centrations resulted in cloud droplet number 

concentrations that were nearly independent 

of the updraft velocity of a convective cloud, 

and substantially higher supersaturation lev-

els than found in polluted areas. This in turn 

meant that particles could activate to cloud 

droplets at a lower (smaller) critical diameter 

than in polluted areas. This modeling result 

is confi rmed by measurements at the high-

altitude (3580 m) station Jungfraujoch, Swit-

zerland. There, the median of the activation 

diameter decreased from about 100 nm for 

particle concentrations (with diameter D > 

100 nm) greater than 100 cm–3 to about 65 nm 

for particle concentrations below 100 cm–3 

( 7). The effect of varying supersaturation is 

illustrated in the fi gure: At high supersatu-

ration, a much higher fraction of the aerosol 

particles is activated to cloud droplets than at 

low supersaturation.

Pöschl et al. also report on ice nuclei (IN), 

particles that initiate ice formation at a tem-

perature considerably above the freezing tem-

perature of water (roughly –40°C). Supermi-

cron-sized particles over the Amazon con-

sisted mostly of primary biological aerosol 

particles that showed substantial IN activity. 

Precipitation occurs when these supermicron 

particles act as “giant” CCN (in warm rain) 

or IN (when ice formation is involved). The 

impact of aerosol particles on precipitation is 

different for warm and cold clouds. In warm 

clouds, increased CCN concentrations slow 

the conversion of cloud droplets into rain-

drops by nucleating larger concentrations of 

smaller drops, which are slower to coalesce 

into raindrops (8). In cold clouds, the situa-

tion is much more complex. The saturation 

vapor pressure is lower over ice than over liq-

uid water; this transports water vapor from 

the cloud droplets to the ice crystals as soon 

as ice crystals form in liquid clouds (the so-

called Wegener-Bergeron-Findeisen process) 

( 9). This results in evaporation of the cloud 

droplets and a very low fraction of activated 

CCN ( 10). In these clouds, the radiative prop-

erties of the cloud are no longer infl uenced by 

the number of CCN but only by the properties 

of the IN and ice crystals. These processes are 

important for both the hydrological cycle and 

the radiative properties of clouds and clearly 

call for more research.  
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