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We are studying the specific hy- 
dration of aqueous DNA gels by dielec- 
tr1c spectroscopy at microwave fre- 
quency. Determinations of the real 
and the imaginary part of the dielec- 
tric constant are performed by a cavl- 
ty perturbation method at 10 GHz in a 
wide range of temperatures below and 
above the freezing point of bulk water 
(from -20 oc to +45 oc> [ll. The 
comparison between experimental data 
and theoretical values computed by a 
suitable mixture formula [21 allows us 
to estimate the amount of water which 
IS modified by the interactions with 
solute molecules. 

In a recent work we applied this 
procedure to the study of aqueous DNA 
gels in the presence of lysine 131. In 
such a system the hydration value per 
solute molecule <DNA nucleotides plus 
lysine molecules> IS not additive, on 
the contrary it IS greatly reduced 
(20-25 bound water molecules) even 
with respect to the hydration of the 
DNA alone (35 bound water molecules). 
We interpreted this result as an indi- 
cation of a strong electrostatic ln- 
teraction accompanied by a release of 
water molecules: this interpretation 
W?lS supported by ethidium bromide 
displacement assays. 

In view of the relevance of baSIC 

proteins to the condensation of nu- 
cieic acids. and in particular in view 
of the role of protamines. small very 
arginine-rich extremely basic proteins 
of the sperm nucleus. we extended our 
experimental approach to arginine-DNA 
and clupeine-DNA systems. Clupeine 
was selected to ensure the homology of 
protamine and DNA sources (from her- 
ring sperm). Solutions of arginine 
snd clupeine respectively were also 
investigated as reference samples. 

The experimental results ( e’, E” 

Z P 
function of temperature at 10 

are reported in figures 1. 2 for 
an aqueous DNA gel in the presence of 
clupeine: similar curves were obtained 
for the other samples. 
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Fig. 1. Permittivlty a’ of a water- 
DNA-clupeine system at a 1:l nucleo- 
tide to aminoacid ratio <O---O> and 
water <- - -). 
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FIN. 2. Dielectric loss E” of a water- 
DNA-clupeine system at a 1:l nucleo- 
tide to aminoacid ratio (O---O) and 
water (- - -). 
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TABLE i. Hvdratlon parameters of DNA-Arginine and DNA-Clupeine systems. 

I I I 
saflip I e ! soiute molarity: ! modified water ! bound water mol. 

1 ! fract. volume ! per solute mol. 
8 DNAIPI aminoacid ! (%) I (%) 
I I , 

tl- DNA .51 5 .Ol 30 + 4 35 I 5 

W-hrg 1.58 + .03 33 + 5 12 + 2 

W-DNA-Arq .39 ) .Ol 1.47 + .03 75 + 10 22 f- 3 

W-DNA-Arg .39 L .Ol .48 & -01 32 + 5 21 ) 3 

W-Cl up 5.1” + .l 25 * 4 3*J. 1 

W-C I up .105*+ .003 I .5 2 3* 

W-DNA-Clup .4-i 2 .Ol .65X + .Ol 45 + 7 22*+ 3 

* I”he ciupeine 1s consldered In terms of its aminoacid residues. 

The dielectric behavior of the protamine models in which the protein 
samples investigated are very diffe- molecules undergo an extended confor- 
rent from that of the solvent alone. mation while wlndlng around DNA double 
Moreover. relevant hysteresis cycles helices 15, 61. As far as the speci- 
are present below the freezing point fit hydration is concerned, our re- 
of the bulk water: similar phenomena suits suggest that arginine residues 
have been reported in dielectric mea- in the clupeine molecule behave I ike 
surements on different biological free arginine molecules in the inter- 
samples 143. actions with DNA. 

The hydration parameters were 
derived from the curves according to 
the procedure described 131 and are 
presented in table 1. 

The effect of arglnine on the 
specific hydration in the water-DNA- 
aminoacid system is substantially 
equivalent to that of lysine, resul- 
ting in a SO-60 % reduction with 
respect to the sum of hydrations of 
the components. On the contrary, the 
specific hydration of arginine in so- 
lution is found to be significantly 
lower than that of lysine (12 against 
20 bound water molecules). This fact 
suggests that the decrease of specific 
hydration in DNA-arginine gels may 
affect mainly the nucleic acid compo- 
nent. Identical hydration values for 
DNA-arginine systems were obtained 
wlth two different aminoacid contents, 
one of which gives no free water mole- 
cules. 

The specific hydration of clu- 
peine in solution. a5 expressed per 
aminoacid residue. is found to be 
extreme1 y I ower than that of free 
arginine. as can be expected from a 
compact conflguration assumed by the 
protein in solution. However, in the 
case of DNA gels. the effect of clu- 
peine on the specific hydration, as 
expressed per nucleotide plus amino- 
acid reSldue molecules. is identical, 
within the experimental error, with 
that found in the case of arginine. 
This result is consistent with nucleo- 
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