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-----------SCIENTIFIC CORRESPONDENCE-----------
cisternal A-particle genome, it was indeed 
possible to demonstrate that the insertion 
of this sequence into c-mos resulted in its 
activation'·'". 
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DNA and the 
hydration economy 
S1R-The proposal 1 that DNA conforma
tion is determined by "economics in the 
hydration of phosphate groups" has 
aroused considerable interest'. Central to 
this hypothesis is the fact that in the A
and Z-forms of DNA the distance between 
adjacent phosphate groups along the 
polynucleotide chain is shorter than that 
in the B-form, so that although a water 
molecule could form a hydrogen-bonded 
bridge between successive phosphates in 
A and Z this is not possible for B. These 
proposals are based on a survey of the 
distances between charged phosphate 
oxygens in adjacent nucleotides and ofthe 
location of water oxygens in 13 oligonucle
otide structures. The hydration of phos
phate groups in the A- and Z-forms is 
characterized as "economical" in contrast 
to the situation in B-DNA where the 
various phosphate groups are said to be 
"individually hydrated". This concept of 
"hydration economy" is proposed as the 
underlying cause for the B-A and B-z 
transitions, both of which occur when the 
degree of hydration of the DNA is 
reduced, on the grounds that dehydration 
will favour those conformations which 
interact more economically with water 
molecules. 

Saenger et al. 1 also consider the effect 
of salt and organic polar solvents on the 
conformation adopted by DNA and con
clude that "if salt or an organic polar 
solvent is added, water molecules are 
withdrawn from the DNA and hydration 
consequentially becomes more economi
cal". From this argument, salt near the 
DNA would be expected to favour the 

"more economical structures", that is, A 
and Zratherthan B. It has been known for 
many years' that this is not the case for the 
sodium salt of DNA. X-ray diffractions of 
fibres• and Raman spectroscopy' show 
that low levels of salt favour A whereas 
high levels favour B. It is clear, therefore, 
that the proposal that "hydration 
economy" determines DNA conformation 
cannot be correct. 

Saenger et al. do not mention the D
form of DNA, whose occurrence for 
poly[d(A-T)].poly[d(A-T)] has been 
known for 25 years". We have shown that 
the transition between the D and B con
formations can be followed in time
resolved X-ray fibre-diffraction studies 
using the SERC Daresbury Laboratory 
Synchrotron Radiation Source''. This 
transition is induced by varying the 
hydration of the fibre, with dehydration 
leading to the assumption of D. The rele
vance of the D-form stems from its occur
rence being favoured by relatively low 
levels of hydration and relatively high 
levels of salt'. The separation of charged 
phosphate oxygens along a polynucleotide 
chain in the D-form 10 is about 7 A, signifi
cantly longer than the 4.4 and 4.8 A in the 
Z-form and 5.3 and 5.4 A in the A-form, 
and comparable with the 6.6 A in the B
form quoted by Saenger et al. These 
observations provide further evidence 
against the 'hydration economy' concept, 
which predicts that phosphate groups in D 
should, like those in B, be individually 
hydrated and hence favoured by high 
levels of hydration. In contradiction to 
this prediction, our studies demonstrate 
that the D conformation is a low-humidity 
form. 
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doubt our hypothesis1 because of data' 
from X-ray fibre diffraction showing that 
(1) some excess (3-6%) NaCl must be 
added to DNA to pull well-ordered fibres; 
(2) with lower concentrations of salt, the 
A-B transition is inhibited or does not 
take place even if the relative humidity is 
above the critical 92%; and (3) the A-B 
transition occurs above 92% relative 
humidity when DNA fibres contain -10% 
NaCl. Careful interpretation of ref. 4 
shows that it does not invalidate but rather 
provides support for our proposal. 

First, at low ( < 6%) NaCl content at 
75% relative humidity, Na-DNA fibres 
yield good A-form X-ray patterns because 
they are highly crystalline. They transform 
very slowly or not at all into the B-form if 
the relative humidity is > 92%. We 
assume that DNA retains the A-form 
resulting from lattice effects because even 
at high humidity, crystalline A-DNA 

fibres tend to remain in that "metastable"' 
form whereas unoriented (non-crystalline) 
A-DNA gels reproducibly transform to 
B-DNA at 92% relative humidity "and 
remain in that form all the way into solu
tion"'. 

Second, at concentrations of - 10% in 
the fibres, excess NaCl crystallizes out4, 
and these samples transform to the 
B-form at relative humidities> 92%. We 
conclude that excess NaCl has a destabili
zing effect on the Na-DNA crystalline 
lattice and transformation to B-DNA 
occurs as observed with A-DNA gels5

• 

Third, solid-state two-dimensional 
NMR shows that crystalline films ( equiva
lent to fibres) of A-DNA at -3% NaCl, 
75% relative humidity contain up to 60% 
disordered B-DNA11

• This B-DNA is not 
detected by X-rays, which monitor only 
the crystalline A-DNA. So, in A-DNA
type fibres, partial transformation to the 
B-form could have occurred already as it 
would not be seen by diffraction methods. 

Finally, the authors of ref. 4 support our 
proposal 1 in their last sentence: " ... the 
salts ... cause the fibres at high humidity 
to take up extra water with consequent 
dissolution of the A crystallites and 
formation of the semi-crystalline B form, 
which is more highly hydrated". This is the 
essence of our paper1 in which we 
describe why B-DNA is more highly 
hydrated than A- and Z-DNA. There is a 
threshold water activity where transitions 
between highly hydrated B-form and the 
less hydrated A- and Z-forms occur, no 
matter whether DNA is in the fibre state 
or in solution"". 

We have not considered poly [d(A-T)] 
because DNAs with special base sequen
ces can behave differently because of the 
formation of ordered water structures 
(spine of hydration) in minor and/or 
major grooves". We made clear in our 
paper that our proposal was for mixed
sequence DNA and for poly[d(G-C)]. 
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