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50 YEARS AGO
The launching of Sputnik 3 
(Satellite 1958 δ) was announced 
from Moscow on May 15. The 
satellite was stated to be conical 
in shape, with a length of 12.3 ft.  
excluding aerials, a base 
diameter of 5.7 ft. and a weight 
of 2,926 lb., including 2,134 lb. of 
apparatus. The experiments for 
which the satellite is designed 
include studies of cosmic rays, 
geomagnetism, solar radiation 
and micrometeorites, and the 
results are to be telemetered 
back to the Earth. The satellite is 
equipped with solar batteries and 
carries a radio transmitter with 
a frequency of 20.005 Mc./sec. 
There are two other objects in 
orbit with the satellite, namely, 
the rocket which performed the 
last stage of propulsion and a 
nose cone which protected the 
instruments during the climb 
through the atmosphere. 
From Nature 24 May 1958.

100 YEARS AGO
The last half-yearly number 
of the Journal of the Royal 
Anthropological Institute 
contains an important memoir, 
prepared by two enthusiastic 
Scotch anthropologists, 
Messrs. Gray and Tocher, on the 
pigmentation of hair and eyes 
among the school children of 
Scotland …The highest density 
of fair hair is to be found in the 
great river valleys opening on 
the German Ocean and in the 
Western Isles. In the former 
case, this probably points to 
invasions of a blonde race into 
those regions. Similarly, the 
higher percentage of fair hair 
in the Spey valley and in the 
Western Isles implies inroads 
of the Vikings or Norsemen. It is 
perhaps pushing the evidence 
too far when the writers suggest 
that the high percentage of fair-
haired girls in the neighbourhood 
of Dunfermline is due to the 
train of blonde damsels who are 
supposed to have accompanied 
the Saxon princess Margaret, 
who about the time of the 
Norman Conquest became 
Queen of Malcolm Canmore.
From Nature 21 May 1908.

species in DNA strand exchange that searches 
for a homologous sequence within the dsDNA. 
Once found, DNA strand exchange occurs as a 
concerted swap of DNA strands. The hydroly-
sis of ATP inactivates the filament, and permits 
disassembly of the complexes2.

Herein lie the mysteries of DNA strand 
exchange. How does the RecA nucleoprotein 
filament recognize DNA sequence identity? 
And, on finding it, how does the exchange 
occur? How is the stability of dsDNA over-
come? Partial answers to these questions 
emerged from biochemical studies. The 
homology search is a ‘simple’ collisional proc-
ess because ATP hydrolysis is not essential, 
only ATP binding. In fact, ATP binding by 
the RecA nucleoprotein filament is sufficient 
for DNA strand exchange3. The free energy 
of ATP hydrolysis is not directly involved in 
the exchange of DNA strands; rather, the free 
energy of presynaptic-filament binding to the 
dsDNA ‘activates’ it by extending and untwist-
ing it, making the duplex DNA a willing partic-
ipant in the exchange process4. ATP hydrolysis 
then allows dissociation of all participants:  a 
classic case of ‘credit card’ energetics (expend 
now, pay later …).

Structural information derived from electron 
microscopy was particularly revealing with 
respect to these questions. The ATP-bound 
form of the RecA nucleoprotein filament is 
extended by about 50% relative to standard  
B-form DNA, with around 6.2 RecA mono-
mers and 18 DNA base pairs per turn5; this 
extended filament is also seen for all RecA 
homologues6. In contrast, the DNA in the 
inactive ADP-bound nucleoprotein filament 
is less extended. Thus, the RecA nucleoprotein 

filament undergoes ligand-induced structural 
transitions between an active, extended fila-
ment and an inactive, compact filament5. The 
electron microscopy studies also revealed that 
the RecA nucleoprotein filaments are structur-
ally polymorphic, varying in pitch, width and 
extension5, highlighting the challenge facing 
higher-resolution structural analysis.

Nonetheless, in 1992 the crystal structure of 
a RecA filament was solved7, but the structure 
lacked DNA and was of the inactive ADP-bound 
compact form8. For many years, the absence 
of a structure of the active form confounded 
molecular and mechanistic interpretation9.

However, Chen and colleagues1 now  
elucidate structures of RecA assembled on  
single-stranded DNA (ssDNA) and on dsDNA, 
defining both the substrate and product forms 
of the reaction, respectively. How did they suc-
ceed? The authors recognized that the intrin-
sic conformational flexibility of the RecA 
nucleoprotein filaments and their capacity to 
self-assemble indefinitely might hinder crys-
tallization in the active state. Their solution to 
these problems was ingenious, and is applicable 
to other self-assembling systems. 

First, they created ‘pre–polymerized’ assem-
blies of RecA protein by fusing four, five or six 
monomers of RecA into a single polypeptide 
chain. To prevent indefinite polymerization 
of the resulting ‘mini-filaments’, the sites 
for monomer–monomer interactions were 
deleted from the first and last monomers in the 
chain. Despite the many potential pitfalls, this 
approach worked splendidly, producing func-
tional proteins. When assembled in the pres-
ence of an ATP analogue on DNA that exactly 
accommodated these fusion proteins (15 and 

Figure 1 | DNA strand exchange promoted by RecA protein. a, The prototypical DNA-strand-exchange 
reaction. Double-stranded DNA (dsDNA) pairs with the RecA presynaptic filament, which consists 
of RecA protein and single-stranded DNA (ssDNA), to produce heteroduplex DNA bound by RecA 
and the exchanged ssDNA. b, Structures of the participating DNA molecules: B-form dsDNA; ssDNA 
within the presynaptic filament (as determined by Chen and colleagues1, protein not shown); dsDNA 
within the filament1 (protein not shown); and randomly coiled ssDNA.
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