
50 Years Ago
The capacity exhibited by all 
organisms to develop tolerance 
for new environmental conditions 
has been an important factor in 
the continuing existence of life on 
Earth. It has also had adverse effects 
on some creatures. To man, one of 
the most disturbing of these effects 
is being manifested through the 
resistance certain microbes develop 
for the ‘wonder’ drugs he uses to 
counteract microbial diseases. The 
peculiar capacity of pathogenic 
micro-organisms to develop strains 
which are resistant to drugs which 
on initial application are lethal to 
most individuals — and eventually 
to thrive on those drugs — did not 
come into clear focus until Paul 
Ehrlich et al. made their famous 
chemotherapeutic researches during 
the first decade of this century.
From Nature 26 September 1964

100 Years Ago
The council of the Senate of the 
University of Cambridge has offered 
to professors, teachers, and students 
of the University of Louvain such 
facilities in the way of access to 
libraries, laboratories, and lectures, 
together with the use of lecture-
rooms, as may secure the continuity 
of the work of that University during 
the present crisis. Hospitality in the 
way of living accommodation and 
so forth will probably be offered 
by the individual colleges and by 
private residents. The professors 
of the University of Oxford have 
offered a home for the winter to the 
young children of the professors 
of the University of Louvain; and 
the academic staff of University 
College (University of London) 
offers hospitality to about seventy 
members of French and Belgian 
universities, whether professors, 
teachers, or students, men or 
women, who may find it necessary 
to take refuge in this country.
From Nature 24 September 1914

G .  D E A N  P R I C E  &  S U S A N  M .  H O W I T T

As the world’s population increases, 
the spectre of severe food shortages 
is growing, with the United Nations 

predicting1 that food production will need 
to double by 2050. It has been proposed that 
cyanobacteria — which obtain their energy 
from a highly efficient form of photosynthesis 
— might hold the key to increasing the yield of 
our most important crops and vegetables. On 
page 547 of this issue, Lin et al.2 report a major 
step towards realizing this possibility, finding 
that cyanobacteria can be used to improve 
photosynthesis in the leaves of crops. 

Photosynthesis harnesses sunlight to 
convert carbon dioxide into simple sugars. 
Rubisco, the key enzyme for CO2 fixation into 
sugar, is inefficient because it cannot easily 
discriminate between oxygen and CO2 and 

so wastes energy by fixing O2. The enzyme 
evolved at a time when O2 levels in the atmos-
phere were much lower than they are today, 
and there was therefore little evolutionary  
pressure to select for an ability to discriminate 
between the two molecules. Photosynthetic 
organisms have evolved to circumvent the 
problem of rising atmospheric O2 levels in two 
ways: first, by making more of a slower-acting 
version of Rubisco with an improved ability 
to discriminate; or second, by using various  
‘add-ons’, called CO2-concentrating mecha-
nisms (CCMs), to elevate CO2 levels in the 
vicinity of the enzyme.  

Most crops have adopted the first strategy, 
making Rubisco possibly the most abundant 
enzyme on Earth. This approach, however, 
results in a 30% reduction in photosyn-
thetic efficiency through the associated O2  
fixation. That can be partly ameliorated 

P L A N T  S C I E N C E

Towards turbocharged 
photosynthesis
The development of tobacco plants that are genetically engineered to produce a 
more efficient form of Rubisco, an enzyme involved in photosynthesis, marks  
a step towards increasing crop yields. See Letter p.547
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Figure 1 | A proposed method for improving photosynthesis in crops. a, In cyanobacteria, a carbon 
dioxide-concentrating mechanism (CCM) ensures that photosynthesis is effective (the energy for 
photosynthesis is provided through light harvesting by structures called pigmented thylakoids). The CCM 
includes pumps that take up CO2 and bicarbonate (HCO3

−) molecules; the CO2 pump also converts CO2 
to HCO3

−, which then enters microstructures called carboxysomes. Here, HCO3
− is converted to CO2 

by the enzyme carbonic anhydrase (CA), elevating CO2 concentrations around the Rubisco enzyme to 
increase the efficiency with which it converts CO2 into sugars. b,Transfer of cyanobacterial carboxysomes 
or CCM pumps into plant cells has been posited as a way to improve crop yields. Lin et al.2 took us a step 
closer to achieving this aim by replacing Rubisco in the chloroplasts of tobacco plants with a more efficient, 
cyanobacterial form of the enzyme. In the plant-cell cytoplasm, CA can also convert CO2 to HCO3

−. 
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