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while that for excitation of aluminium to the 0·97-
MeV. state by 4·4-MeV. protons is about 1·2 X 10· 25 

cm.2 • These figures were estimated by an indirect 
method, and are reliable only to within about 30 per 
cent. 

The scattering of protons by beryllium was also 
investigated briefly, and an inelastic group observed 
corresponding to an excited state 2·39 ± 0·05 MeV. 
above the ground-state, in agreement with the results 
of Davis and Hafner7 • This state is unstable with 
regard to neutron emission. No inelastic groups were 
observed from carbon, oxygen or copper. 
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Sodium Thymonucleate 

T HE molecular weight of a thread molecule with 
a permanent dipole mom such as desoxyribose 

nucleic acid can be calcu ed from the anomalous 
dispersion of the dielec · constant. By the so-called 
ellipsoid method1 so · thymonucleate was shown 
to have an extre y high dielectric increment, and 
the molecular w 'ght was found to be very low (only 
about 16,000). This value, which was obtained only 
from mea ments in 0 ·1 per cent aqueous solution, 
has since een found erroneous. In any event, it is 
quite c ar that the dielectric method gives consider
ably wer values than those obtained by the ultra
centrifuge, diffusion or streaming birefringence 
methods (200,00Q-1,500,000) 2- •. 

In continuing the investigations the ellipsoid 
method was considerably improved and attained a 
considerable degree of exactness, and was especially 
adapted to the unexpectedly high frequencies needed 
for desoxyribose nucleic acid. Fig. 1 shows examples 
of some anomalous dispersion curves of the sodium 
salt of the acid (prepared according to Harnmarsten •) 
at different concentrations. The arrows indicate the 
inflexion points (critical wave-lengths), and the broken 
curves are the theoretical dispersion curves according 
to Debye. The smaller graph shows the dielectric 
increments at different concentrations and at a wave
length of 1,000 metres (0·3 Mc.fs.). 

The new measurements with 0·1 per cent solution 
agree well with those previously obtained, except at 
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Fig. 1. Anomalous dispersion curves of sodium desoxyribose 
nucleate at different concentrations. Temperature 20° C. 
Concentrations in gm. of air-dried substance (moisture content 

22·1 per cent) per 100-ml. solution 

the highest frequencies, where the earlier results were 
misleading. Nevertheless, there still occurs a small 
but constant deviation from the theoretical curve 
according to Debye (see graph). This deviation can 
be explained by association, but it indicates that the 
'molecular weight' thus obtained is not a true one. 

An attempt to reduce the amount of association 
by measuring in even more diluted solutions revealed 
an unexpected effect, namely, that the apparent 
'molecular weight' increased with the degree of 
dilution. This is evident from Fig. 1, which shows 
that the inflexion point advances towards longer 
wave-lengths. The reason for this advance is not 
clear, but we assume that in less dilute solutions a 
structure is formed (by non-polar association; cf. 
the smaller graph). In such a structure, the larger 
aggregates would be impeded in their orientation in 
the alternating field, and the polarization would be 
more dependent on smaller and easily movable parts. 
In very dilute solutions (less than 0·03 per cent) the 
experimental and theoretical dispersion curves co
incide, the critical wave-length is nearly constant, and 
a dielectrically uniform molecular weight of about 
135,000 is obtained. 

The high tendency to association led us to doubt 
whether the new value of about 135,000 was a true 
molecular weight. It has now also been shown that 
the 'molecular weight' readily changes, for example, 
on the addition of small quantities of salts. The 
effect is completely reversible. It is remarkable, 
however, that only insignificant additions are needed 
for the 'molecular weight' to fall, and at a con
centration of 0·002 M sodium chloride we get 
approximately 35,000. We have not been able to get 
lower values. Difficulties due to the method itself 
prevent measurements in strong salt solutionR, and 
other treatments of desoxyribose nucleic acid (heating, 
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X-ray, etc.) are not reversible. Almost the same 
value, 33,000, was found by Hammarsten e by direct 
osmotic measurements on sodium thymonucleate in 
liquid phenol. 

The molecule of 35,000 has a quarter of the dipole 
moment of the 135,000 compound. Thus it is a pure 
polar association in very dilute aqueous solutions, 
and the aggregates are built up in exactly the same 
manner from a dielectric point of view as is assumed 
for l?w:er components. Obviously it is necessary 
to drscrunmate between polymerization and polar 
(probably end to-end) association. In connexion with 
aggregates which can so easily be changed that they 
cannot even exist intact in solutions far below 
physiological salt concentration, it seelllS convenient 
to use the term association. Polymerized aggre
gates, on the other hand, will then be decidedly 
more resistant molecules. The observed value, 
about 35,000, is then to be regarded as the highest 
probable molecular weight for the sodium thyrno
nucleate molecule. 

The great tendency for desoxyribose nucleic acid 
to associate seelllS to be important for the investi
gation of enzymatic digestion ; this should be noted, 
so that the easy disaggregation may not be mistaken 
for a depolyrnerization. 

Nucleohistone from Calf Thymus 

now begun inyestigations on desoxyribose 
nucleiC aCid nucleoprotems, and in the first place 
nucleohistone. Carter and Hall have made a prepar
ation from calf thymus', which has been thoroughly 
investigated physico-chemically•·•. They found the 
nucleohistone to be monodisperse and to have a 
molecular weight of about 2,000,000, determined by 
means of measurements of sedimentation and 
diffusion. The axial ratio was 35. 

We have made five preparations a ccording to 
Carter and Hall and two others according to Sternto 
No significant difference in respect of dielectric 
properties was observed. The chemical composition 
varied son:ewhat, the results of the analyses 
a desoxyrrbose nucleiC aCid content varying between 
42 and 45 per cent was calculated. 

Examples of some anomalous dispersion curves of 
at concentrations are given in 

Frg. 2, where the mset graph shows the increments 
of the dielectric constant at different concentrations 
and a wave-length of 1,000 metres. 

As appears from Fig. 2, the dispersion curves of 
nucleohistone exhibit the same dependence on con
centration as was previously established for sodium 
thyrnonucleate (see above). We do not think that 

can chiefly due to a change of ion 
actrvrty or solvatron. We assume rather that, as in 
the case of desoxyribose nucleic acid, it is connected 
with a structural formation in more concentrated 
solutions, so that the individual molecule is prevented 
from orientating itself freely in the electric field. 

Calculations of dipole moment and molecular 
weight were made at the lowest concentrations (less 

0·1 per cent), where the increment rises linearly 
wrth the concentration (Fig. 2, inset). The dipole 
moment calculated according to Debye is then 
65 x 10-18 E.s.u. The molecular weight for different 
preparations varies between 65,000 and 80,000, with 
a value of about 7 5,000 as most probable. The content 
of desoxyribose nucleic a cid calculated then corre
sponds to a molecular weight for that component of 
about 35,000. This value shows an interesting agree-
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:Fig. 2. dispersion curves of nucleohistone a t different 
concentratiOns. Temperature 20° C. Concentrations in gm of 
air-dried substance (moisture content 11·7 per cent) per 100:m1. 

solution 

ment with our presumed highest conceivable mole
cular weight for sodium thyrnonucleate and that 
found by Hammarsten6• It also indicates that the 
high molecular weights which will be found for 
desoxyribose nucleic acid in dilute aqueous solutions 
and which are very e>1.sily affected by salts, are not 
true molecular weights. 

As in the case of desoxyribose nucleic acid the 
molecular weight of nucleohistone decreases 'con
siderably in salt solutions (about 25 per cent in 
0·0004 M potassium chloride). The effect is com
pletely also, by treatment with stronger 
salt solutrons (for example, 1 M sodium chloride for 
several This decrease in molecular weight, 
however, drffers from that caused by the influence of 
salt on desoxyribose nucleic a cid in the appearance 
of a high content of low molecular parts. 
We think, therefore, that the decrease is due to a 
partial dissociation of the nucleohistone, which does 
not necessarily influence the magnitude of the 

acid component. Unlike desoxy
rrbose nuclerc acrd, the molecular weight is not 
changed in urea solutions. 

It has recently been suggested that the nucleo
histone prepared according to Carter and Hall 
probably suffered considerable degradationn. For 
this however,. the important point is 
that the drelectrlC method grves a considerably lower 
value of t?e molecular weight for this preparation 
of nucleohrstone, as well as for sodium desoxyribose 
nucleate, than that obtained by other methods. 
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