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chain lengths between 8 and 18, and have 
happily arrived at similar conclusions. 
Within the right range of temperature 
and ionic strength the intrusion of three
stranded helices can be avoided. There 
are then two processes in the formation 
of complementary dimers, namely the 
association of some small number of 
bases to nucleate the helix, and the 
formation of subsequent base pairs start~ 
ing at these nuclei. The first of these 
is entropically expensive, does not have 
the full benefit of stacking interactions, 
and is thus assoeiated with a much lower 
equilibrium constant. For the short
chain molecules, the kinetics can, it 
transpires, be substantially accounted 
for by a single bimolecular rate process, 
which can only be interpreted as re
flecting an essentially all-or-none inter
action, all, or nearly all, the base pairs 
being made or broken at once. The 
relaxation times give the forward and 
reverse rate constants, and the former 
decreases with nsmg temperature, 
showing that it must represent, as ex
pected, a combination of two steps, one 
of them rate determining. The rate 
constant for the reverse (melting) 
reaction depends markedly on chain 
length. 

Craig et al. then go on to estimate the 
number of base pairs involved in the 
nucleation step from the activation 
enthalpy for the overall forward rate 
process, using published calorimetric 
data for the enthalpy of formation of an 
A·U base pair. The answer comes out 
at 2- 3 base pairs for the size of the 
nucleus. Thus one envisages a rapid 
association-dissociation equilibrium in
volving the adhesion of the two chains 
by two or three base pairs. When these 
are in proper register the complete 
double-helix forms like the closure of a 
zip fastener. Because the concentration 
of nuclei governs the rate of the associa
tion, the reaction is second order. The 
zipping-up process is not observed, 
because states of intermediate pairing 
are not significantly represented (except 
for a small contribution from duplexes 
with frayed ends). 

The relation between dissociation rate 
and chain length is conversely explained 
by the dependence of the process on the 
number of base pairs that must break 
before the duplex is whittled down to the 
critical nucleus length, at which the 
chains rapidly separate. For these very 
short chains the problem of annealing by 
creeping of one strand relative to the 
other, so as to maximize the base pair
ing, does not arise. 

Pi:irschke and Eigen are in agreement 
with Craig et al. at all essential points. 
Arguing again from the value of the 
activation enthalpy for the association 
reaction, they conclude that a nucleus 
of three base pairs must be formed 
before the dimer can survive. This 
Pi:irschke and Eigen view as implying 

two pre-equilibrium steps, for if a com
plex with two base pairs is unstable, it 
can make and break repeatedly before 
the third pair is added. On this reckon
ing it is the formation of the third pair 
which is rate determining. Long chains 
show markedly different behaviour from 
short: they display a spectrum of relaxa
tion times, reflecting melting of imper
fect helical species. Association rate 
constants are very high, indicating that 
nucleation occurs at multiple points 
along the chain. The stability of the 
triplet as a minimum associative unit is 
consistent with biochemical experience, 
and Pi:irschke and Eigen speculate that 
the marginal stability of triplet codons 
may be important for rapid scanning of 
a nucleic acid sequence. 

The implication of a rapid nucleation 
followed by a slow rearrangement has 
been found in a quite different system 
by Tsong, Baldwin and Elson (Proc. US 
Nat . Acad. Sci., 68, 2712; 1971). In the 
thermal denaturation of ribonuclease 
they have succeeded by the temperature-

NATURE VOL. 235 JANUARY 14 1972 

jump method in detecting the presence 
of a process in the millisecond time 
range, several orders of magnitude more 
rapid than the previously observed slow 
conformation change. 

PALAEOGEOGRAPHY 

Drill and Distribution 
from a Correspondent 

A JOINT symposium of the Geological 
Society of London, the Palaeontological 
Association and the Systematics Associ
ation was held in Cambridge on 
December 15 to 17 to discuss the topic of 
organ.isms and continents through time. 
The occasion proved an excellent oppor
tunity for geophysicists and palaeonto
logists to stage a combined assault on 
the many problems surrounding the re
lationships of continental drift, palaeo
climates and fauna! and floral distribu
tions during Phanerozoic time. The 
basis of the meeting was a set of world 

Neutral Hydrogen near the Sun 
KNOWLEDGE about the immediate neigh
bourhood of the Sun is steadily 
improving, with the help of both optical 
and radio-astronomical observations. 
Through 21 cm observations, for 
example, data concerning the hydrogen 
distribution in the galaxy are by now 
quite extensive. Macchetto and 
Panagia, of the Frascati Space Astro
physics Laboratory, recently suggested 
that the study of Lyman-a absorption 
in the spectra of suitably chosen stars 
could help to determine the mean 
volume density of neutral hydrogen. 
Unfortunately there are rather stringent 
requirements to be met, and the deter
minations of the neutral hydrogen den
sity by this method are still only in 
their infancy. The reasons are, first , 
that one measures the absorption of a 
line which only appears in the spectrum 
of an early type main sequence or a 
horizontal branch star, and that one 
must be sure that the emission in fact 
comes from the star and not from a 
circumstellar envelope. Second, it is 
necessary to know the distance of the 
star in question, and, third, the basic 
atomic physics data for the absorption 
are relatively uncertain. 

In an article in next Monday's Nature 
Physical Science (January 17), Mac
chetto and Panagia present the first data 
determined by this method. They find 
a density of about one hydrogen atom 
per 4 cm3 from the Lyman-a absorption 
data of four stars, one 0-star and three 
B-stars, at estimated distances of be
tween 80 and 500 pc. The authors feel 
that their result is meaningful, although 
they stress the preliminary nature of 

their conclusions. It should be empha
sized that the density quoted is the one 
in the immediate vicjnity of the Sun, and 
that the fall-off of the density with 
galactic latitude has been duly taken into 
account. 

Perhaps the most interesting part of 
Macchetto and Panagia's analysis is 
their comparison with 21 cm emission 
data in the same directions as the lines 
of sight to the four stars. In that case, 
the integration is performed over an 
infinite path length, rather than over the 
finite path length which terminates at 
the star. For a Vir, a B-star in a direc
tion well away from the galactic plane, 
the hydrogen densities emerging from 
Lyman-a absorption data and from 
21 cm emission data agree well. The 
agreement seems to be rather poor, 
however, for the two stars in Orion 
(er Ori, an 0-star, and T/ Ori, a B-star) ; 
the 21 cm data lead to a density of 
about 1 cm - 3, which is about four times 
larger than the density suggested by the 
Lyman-a data. But there are indica
tions of the existence of a cloud of 
hydrogen in the Orion region, and 
Macchetto and Panagia show that it is 
likely that this cloud leads to a value 
of the 21 cm emission which is about 
four times the value it would have in 
the absence of the cloud, and that, 
moreover, this cloud is likely to lie 
behind the stars. Tentatively, therefore, 
Macchetto and Panagia come to the 
conclusion that 21 cm emission data 
and Lyman-a absorption data lead to 
the same value for the neutral hydrogen 
density in the immediate vicinity of the 
Sun. 
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