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Summary. -- The isothermal denatura t ion  of eMf thFmus  DbIA, induced 
by  the presence of some monohydrir  alcohols in the  solution, was inves- 
t igated.  Measurements were performed at  a tempera ture  (67.2 ~ at  
which the denaturat ion,  in the absence of alcohols, is about  20% and 
melting profiles a t  varying tempera tures  were also recorded. Results  
show tha t  with increasing alcohol concentration and alkyl  group size 
DNA denaturat ion first reaches a maximum and then falls back. This 
behaviour,  ascribed to <~ unusual  ~> water  propert ies  as inferred also from 
compressibil i ty measurements,  indicates tha t  hydrophobic  and electro- 
s tat ic  effects are connected in a complex way. 
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1 .  - I n t r o d u c t i o n .  

Among the forces tha t  stabilize the helical conformat ion of D N A  a re levant  
role is p layed by  DNA-solvent  interact ions (1). In  part icular ,  it  has been 
repor ted  by  several authors  tha t  the presence of alcohols in the solution medium 
lowers the tempera ture  at  which the helix-coil t ransi t ion of D N A  takes place (2.5). 
Since sugars in nucleic acids are exposed to the solvent bo th  before and af ter  
denaturat ion,  one might  assume tha t  the effects of the alcohols are not  largely 
responsible for the variat ions of the  free energy of in teract ion between the 
DNA sugars and the per tu rbed  solvent. Ra the r  one could, in principle, a t t r ibu te  
such per turbing effects 1) to the var ied electrostatic free energy of charged 
groups due to the lowering of the bulk dielectric constant  of the solvent;  2) to 
the modified free energy necessary to t ransfer  the D N A  bases f rom the  interior 
of the double helix to the solvent. I t  must ,  however,  be considered tha t  the 
t ransfer  of a base f rom the interior of the double helix to the bulk solvent brings 
about  two different contr ibutions:  a) the free energy associated with the  hydro-  
phobic moieties of the purine and pyrimidine bases; b) the  free energy related 
to the polar  moieties of the bases when they  break hydrogen bonds with com- 
p lementary  bases and form new hydrogen bonds with the polar molecules of 
the solvent. Fur thermore ,  the role of hydra t ion  on the stabil i ty of D N A  should 
also be considered since it  is known tha t  the D ~ A  conformation is s trongly 
affected by  water  ac t iv i ty  (6) which, in turn,  is de termined by  the amounts  of 
dissolved ions and alcohols. In  the  present  paper  we have studied the isothermal 
denatura t ion  and the melt ing profiles of calf thymus  DNA, induced b y  the 
presence of increasing concentrations of methanol ,  ethanol,  isopropanol and 
n-propane1. We have also measured isothermal  compressibilities of alcohol- 
water  mixtures  in order to obtain informat ion about  the propert ies  of the  solvent 
and gain some insight on their  action on DNA stability.  

2 .  - M a t e r i a l s  a n d  m e t h o d s .  

Calf t hymus  DNA (type I) and nuclease $1 were f rom Sigma (St. Louis, Me.), 
methanol ,  ethanol,  isopropanol and n-propanol  f rom Carlo Erba  (Milano) or 

(1) H. EDELOCH and J. C. OSBORNE jr.: Adv. Protei~ Chem., 30, 183 (1976). 
(2) T.T.  HERSKOVlTZ, S. J. SINGER and E. P. GEIDUSeHEK: Arch, B~ochem. Biophys., 
94, 99 (1961). 
(3) E .P .  GEIDVSCHEK and T. T. HERSKOVITZ: Arvh. Biochem. Biophys., 95, 114 (1961). 
(4) T.T.  HERSKOVI~Z: Arch. Bioehem. Biophys., 97, 474 (1962). 
(5) L. LEVINE, J .A.  GORDON and W. P. JANCKS: Biochem/istry, 2, 168 (1963). 
(6) B. WOLF and S. ttANLON: Biochemistry, 14(8), 1661 (1975). 



620 o.  BALDIlqI ,  HI.TANG FZI-HIJA, G. VARANI,  L. CORDON]~ :ETC. 

f rom AlgALAI~ B D H  (Poole, England).  KB-3 medium was (lga-acetate 0.15 M, 
ZnSO4 3 - 1 0 - s ~  ~bTaCl 0.5 M, CHsCOOH 0.26 ~ )  (pH 4.5). 

2"1. Prepara t ion  o/ DIgA stocks. - DlgA stocks used iu isothermal  dena- 
tura t ion  experiments were prepared  by  dissolving DlgA fibres at  a final con- 
centrat ion of about  100 ~zg/ml into phosphate  buffer 10 _2 iV[ ( p H  7.4) and 
shaking for about  50 h at  30 ~ To 50 ml of this DlgA solution were added 
12.5 ml of KB-3 medium and 50 units of nuelease 21. This solution was first 
shaken for 24 h at  30 ~ and then  exhaust ively  dialyzed against a solution of 
phosphate  buffer 4 .10 -5 3/I (p i t  7.4) -~ E D T A  10 -4 M. The t r ea tmen t  with 
single s t rand specific nuelease was necessary in order to obtain ful ly reversible 
denatura t ion  processes in the presence of alcohols. D ~ A  stocks used for melt- 
ing profiles were dissolved into phosphate  buffer 4 .10 -~ ~ (p i t  7.4) and im- 
mediately stored at  4 ~ 

2"2. Prepara t ion  o] D:NA samples .  - Jus t  before the prepara t ion  of D ~ A  
samples used in isothermal  denatura t ion  experiments,  water  and D:NA aliquots 
were separately and quickly outgassed. This t r ea tmen t  was necessary in order 
to  avoid the format ion  of bubbles during the measurements .  DBTA samples 
(25 ~g/ml) were prepared  at  room tempera tu re  b y  first making suitable alcohol- 
water  solutions and then  adding with very  gentle shaking aliquots of DlgA 
stocks. Using the above DlgA stocks, results were the same as if samples were 
prepared by  adding alcohol dropwise to suitable D:BTA solutions; the  final 
concentrat ion of phosphate  buffer was 10 -5 M ( p H  7.4 in H20). DNA samples 
used in the determinat ion of melt ing tempera tures  were prepared  b y  diluting 
aliquots of D:NA stocks into double distilled water.  Suitable quantit ies of 
alcohol were then  added drop by  drop; the ionic s t rength  of the solution was 
adjusted with :NaC1 (BDH, Poole, England) to the desired value. The final 
D:NA concentra t ion was 20 ~g/m]. 

2"3. Measurements .  - In  order to  measure isothermal  denaturat ion,  samples 
prepared  at room tempera ture  in teflon s toppered cuvettes  were placed into 
the cell holder of a Cary 118 spee t rophotometer  the rmos ta ted  at  67.2 ~ 
The var ia t ion of absorbance (2 ~ 260 nm) was then  followed (fig. 1). The 
complete denatura t ion  was measured by  inserting the  DIqA samples into the  
cell holder thermos ta ted  at  T~>90 ~ Buffer-alcohol solutions at  the same 
alcohol concentrat ion as tha t  of the sample were used on the reference beam 
of the spectrophotometer .  The t empera tu re  was measured b y  using a p la t inum 
thermometer  calibrated against a similar one having a BTBS certificate and 
inserted in a Leeds-Northrup precision bridge. The cell holder was thermo- 
s ta ted within less than  0.1 C. The samples employed when measuring melt ing 
profiles were prepared at  room tempera tu re  and placed into a ro ta t ing  multiple- 
cell holder designed for absorbanee measurements  of 4 different samples wi thout  
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Fig. 1. - Typical absorbance at 260 nm of a DNA sample during heating from room- 
temperature to 67.2 ~ 

removing  the  cells. The t empe ra tu r e  was raised ve ry  slowly (1 ~ every  ten 
minutes)  and  the cell holder was the rmos ta t ed  to within • 0.01 ~ The 
absorbance  a t  260 n m  was measured  a t  1 ~ in tervals  on a Pe rk in -E lmer  555 
spec t rophotometer .  

2"4. A n a l y s i s  o] the me l t i ng  pro]i les .  - Several  mel t ing  profiles, such as 
those  repor ted  in fig. 2, were de te rmined  in order to ob tak t  b o t h  mel t ing  tem-  
pera tu re  (Tin) values and AH, AS. T m was es t imated  f rom a g raph  of absorbance  
vs.  t empe ra tu r e  and  b y  taking the  midpoin t  of the  t rans i t ion with s t anda rd  
procedures (7) which take  into account  the  ex t rapola t ion  of the  base  lines a t  
low and  high tempera tures .  The equi l ibr ium cons tant  of the  t rans i t ion was 
defined as K~---- ( 1 -  ])/], where ] is the  f rac t ion  of double s t randed  D N A  
as ob ta ined  f rom absorbance data .  The en tha lpy  A H  at  the mel t ing  t empera -  
ture  was der ived f rom the slope of the  t rans i t ion according to (T) 

and  AS~ f rom 

A S  m = A H m / T  m since AG(Tm) = 0 .  

2"5. M e a s u r e m e n t  of  adiabat ic  compress ib i l i t i e s .  - The sound veloci ty  was 
measured  using a va r i ab le -pa th  in te r fe rometer  working a t  2 ~ t t z .  ~r 
merits were pe r fo rmed  a t  20 ~ the  t e m p e r a t u r e  was control led wi thin  ~ 0.05 ~ 
The measuremen t s  of sound veloci ty  were reproducible  within ! ] m/s. F r o m  

(7) C.R.  CANTO~ and P. R. SCmmMEL: in Biophysical  Cheqnistry, Vol. 3 (Freeman, 
San Francisco, Cal., 1980), p. 1199. 
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Fig. 2. - Typical melting profiles of calf thymus DNA (20 t~g/ml) in the presence of 
different alcohols: �9 methanol, o ethanol, �9 n-propanol, u isopropanol. The alcohol 
concentration is 5% volume fraction; ff = 0.1 M NaC1. 

the vMues of sound velocity v and density ~, the adiabatic compressibility 
has been calculated by  means of the relation 

The densities used to calculate fi f rom velocity measurements  have been taken 
from available l i terature data  (8). 

3.  - R e s u l t s  a n d  d i s c u s s i o n .  

3"1. Results. - The experiments Oll isothermal denaturat ion were carried 

out at 67.2 ~ a temperature  corresponding, ill our conditions, to 20 % D N A  

denaturat ion in the absence of alcohols and at ionic s t rength ff ~ 0.010. A typi-  
cal curve is reported in fig. 1, where the optical density (4 ~ 260 rim) of the 
sample is plot ted vs. time. We ascribe the initial decrease of the absorbance 

in fig. 1 to thermal  expansion of the solution. I n  the present paper  we shall 
call 

(s) Handbook o] Chemistry and Physics, 65th edition (1984-1985). 
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1) A A ( C )  the  difference be tween the a sympto t i c  and  the m i n i m u m  
absorbance  value (see fig. 1) in the  presence of alcohol a t  a concentra t ion  C a. 

2) AAm,x(C) the analogous quan t i t y  measured  a t  a t e m p e r a t u r e  a t  
which the  D N A  samples are comple te ly  denatured.  

I n  fig. 3 are repor ted  isothermal  dena tu ra t ion  curves of calf t h y m u s  DNA,  
induced b y  the presence of different alcohols. In  fig. 4 are shown the  mel t ing  
t empera tu res  as obta ined  f rom da ta  such as those of fig. 2. We should recall  
t ha t  D N A  mel t ing  occurs stepwise because of the  existence of domains  each 
with  a mel t ing  t empera tu re  occurring in a nar row range  (%1o). Here~ however~ 
we observe average  values of the  t h e r m o d y n a m i c  quant i t ies  since we do not  
resolve the single domains.  
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Fig. 3. - Denaturation of calf thymus DNA (25 ~g/ml) at 67.2 ~ vs. alcohol concen- 
tration. Phosphate buffer 10 -2 M (pH 7.4); symbols are the same as in fig. 2. 

These da t a  show tha t  

1) At low alcohol concent ra t ion  T m lowers whe~ alcohol concent ra t ion  
increases; consistently,  the  f rac t ion  of dena tu red  D N A  increases; the  effect 
is more  pronounced  for the  heavier  alcohols, the b ranched  alcohol i sopropanol  
being slightly less effective dena tu ran t  t h a n  n-propanol .  

2) I n  the  case of methanol ,  when increasing alcohol concentration~ T m 
keeps decreasing, whereas~ for  the  other  alcohols, i t  reaches a m a x i m u m  and  

then  falls back.  

(9) W.S. Y]~N and R.D.  BL)~KE: Biopolymers,  19, 681 (1980). 
(10) R.D.  BLAKE, F. VOSMA~ and C.E. TARR: in Biomolecutar 8tereodynamics I, 
edited by R.H. SHARMA (Plenum Press, New York, N.Y.,  1981), p. 439. 
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Fig. 4. - Melting temperatures of calf thymus DNA (20 ~g/ml) vs. alcohol concentra- 
tion; /~ = 0.1 M NaC1; symbols are the same as in fig. 2. 

3"2. Electrostatic interactions.  - The alcohol-induced D N A  destabilization 

could be ascribed to the increased electrostatic repulsion among the phosphate  
groups of the helix, due to the lowering of the bulk dielectric constant  which 
is caused by  the presence of alcohols in the solution. Effects related to the 

decrease of the bulk dielectric constant  upon  addit ion of alcohols have  been 
shown for the T -+ R transit ion of hemoglobin, where at  low alcohol concen- 

t ra t ion  the effects caused by the presence of alcohols seem to be related to  the 
varied interaction energy among charges on the protein surface, due to the 
lowering of the dielectric constant  (11,12). I n  order to ascertain whether  the 

above effects are relevant also for the D N A  denaturat ion induced by  alcohols, 

we have drawn the plot in fig. 5, where the same data  of fig. 3 are reported 
against the inverse bulk dielectric constant  of the solvent. The values of the 
solution dielectric constant  in fig. 5 have been obtained by  using the following 

expression: 

e( C ~) = a( Ca) exp [b( C~) T] , 

(11) L. CORDO~E, i .  C~PA~E, P . L .  SAN BIAGIO and  E. VIT~ANO: Biopolymers, 18, 
1975 (1979). 
(12) E. VITn2~NO, A. CUPA~E and L. CO~DONE: J.  Mol. Biol., 180, 1157 (1984). 
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Fig. 5. - Denaturation of calf thymus DNA (25 ~zg/ml) vs. the inverse bulk dielectric 
constant of the solution; symbols are the same as in fig. 2. 

the  pa rame te r s  a(C~) and b ( Q )  have  been obta ined  b y  in terpola t ion of the  da t a  
repor ted  in rcf. (~). 

I f  the mos t  re levant  contr ibut ion to the  destabi l izat ion of the  double helix 
is to be re la ted to the lowering of the  solvent  bulk  dielectric constant ,  curves 
corresponding to different alcohols should overlap in this plot.  All inspect ion 
of the curves repor ted  in fig. 5 indicates t h a t  this does not  happen  for the  re- 
por ted  results and  tha t ,  therefore,  the  effects we measured  are  not  domina ted  
b y  the  var ia t ion  of the  bulk  dielectric cons tan t ;  fu r thermore ,  it mus t  be noted  
tha t ,  instead, according to the  theory  of Manning and  Record  (~4,~), an opposi te  
behaviour ,  increased stabil i ty,  should be expected.  I n  fact ,  following the  ap- 
proach of Record  et al. (15) for the  dependence of the  mel t ing  t e m p e r a t u r e  on 
the  ionic s t rength  /~, we obta in  for the  react ion 

double he l ix- ->  single s t rand  

1) ~ l u K / ~ e  = (kT /2e~)[ (bs -  ba)(1 § ln/~) - -  2(b In zb - -  b a In zbd)]~  - -0 .01  

and 

2) eT / ~  = (RT~/A~o) e]nK/e~, 

(la) G. AXEI~LOF: J. Am. Chem. Soc., 54, 4125 (1932). 
(14) G.S. 2r Q. Rev. Biophys., 11, 179 (1978). 
(15) M.T. REco~D jr., C. F. A~DEI~SON and T. M. LOHMAN : Q. Rev. Biophys., 11, 103 
(1978). 
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where ~ is the  reciprocal  of the  Debye  screening length and  ba, b refer  to the  
charge spacing in the double helix and  in the  single s t rand,  respect ively.  The  
two terms in the r.h.s, of eq. (1) are due to eounter ion condensat ion effects 
and to  the  screened repulsion among  DI~A charges, respectively.  The  leading 
t e r m  is the second one which is abou t  three  t imes larger t han  the  first and  
negative.  Since A H  ~ mus t  be posit ive,  see e.g. ref. (15)~ one has t h a t  the  expected  
~T,~/~e should be negat ive,  whereas  the  above  measures  show the opposi te  
behaviour .  

3"3. Hydrophobic e]/eets. - The fact  t h a t  the  more  hydrophobie  alcohols 
a t  low concentra t ion are more  efficient in decreasing the  mel t ing  t e m p e r a t u r e  
suggests t ha t  hydrophobic  effects m a y  p lay  an  i m p o r t a n t  role in de te rmin ing  
the  t he rma l  s tabi l i ty  of D N A  (16). The relevance of hydrophobic  in te rac t ion  
ou biomolecule s tabi l i ty  has a l ready been repor ted  for  the T --~ R t rans i t ion  
of hemoglobin,  whereby  it  has been shown t h a t  the  presence of alcohols decreases 
the  free energy needed to expose apolar  surfaces to the aqueous solvent  (11,12). 
Accordingly,  the destabi l izat ion b rought  abou t  b y  alcohols in DI~A migh t  be 
ascribed to the lower free energy required to expose the  hydrophob ie  moieties 
of the bases to the solvent.  I n  order to tes t  this hypothesis ,  we have  de te rmined  
the t he rmodynam i c  pa rame te r s  AG, A H  and  AS associated with  the  melt ing.  
Indeed,  if hydrophobic  interact ions would p lay  a ma jo r  role when  alcohols 
affect the DI~A stabi l i ty ,  one should find a behav iour  similar to  t h a t  a l ready  
repor ted  for the  T- -~  R t rans i t ion of hemoglobin  (17). Such pa rame te r s  are 
repor ted  in table  I.  As can be seen, the values of the  t h e r m o d y n a m i c  pa r am-  
eters seem to indicate t ha t  DNA-solvent  hydrophob ie  interact ions do not  p lay  
a dominan t  role in the melting, i ndeed  

1) The exposure  of the  apolar  moieties of the  bases to the  solvent  is 
expected  to require less en t ropy  changes when  alcohols are present  in solution, 
since alcohols are known to be efficient in ordering wa te r  molecules. Conse- 
quent ly  we expect  t ha t  A S ( X ) -  A S ( 0 ) z  AAS > 0, since AS(X) and  AS(0) 
are bo th  negat ive,  bu t  [AS(X)[ < IAS(0)[. Fur the rmore ,  AAS should increase 
wi th  the  n u m b e r  of ca rbon  a toms in the  alcohol molecules, the  heavier  alcohols 
beiug more  efficient as s t ruc ture  makers  (Js). The results p resen ted  above  
display, instead,  A A S ~  0 for me thano l  and  e thanol  and  AAS < 0 for the  

propanols .  

(16) L. CO~DON]~, A. C~PAXw, M. A. DOLCE, S. L. FOI~NILI, P. L. SAN BI~.GIO, G. SGI~OI 
E. u in Developments in Biophysical Research, edited by A. BO~S]~LLINO, P. 
OMOD]~O, R. ST~OM, A. V~CLI and E. WANX]~ (Plenum Press, New York, N. Y., 1980), 
p. 259. 
(17) L. CORDelia, A. C~5PA~]~, P .L .  SA~ BIAGIO and E. V]T~AWO: BiopoZymers, 20. 
53 (1981). 
(is) F. FRANKS and D. J. G. Iv~s: Q. Rev. Biophys., 20, 1 (1966). 
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TABLE I .  - -  Excess thermodynamic ]unctions AAH and AAS associated with the melting 
re]erred to 5% alcohol mo~ar ]faction at 0.01 and 0.10 ionic strength. AAH and AAS are 
defined as AAH = AH(C~) -- AH(H20), AAS = AS(C~) -- AS(It20 ). Enthalpies are ex- 
pressed in kcal/mol, entropies are in cal/mol K. 

= 0.01 M g = 0A IV[ 

AH(I-I20) 66 :~ 1 85 Q- l 

AAH(met) 3.5 -~ 1 2 -4- 1 
AAH(et) 8 :J:: 1 2 -~ 1 
AAH(isopr) 2.5 =]= 1 -- 5.5 -~- 1 
AAH(n-pr) -- 2.5 =~= 1 -- 11.5 -4- 1 

AS(tt~0) 198 :J= 4 242 =[= 4 

AAS(met) 10 =J= 4 5 -4- 4 
AAS(et) 27 =k 4 -- 2.5 -4- 4 
AAS(isopr) 12.5 ~=_ 4 -- 13 -~- 4 
AAS(n-pr) --3.5 =~ 4 --27 ~: 4 

2) F r o m  table I we see tha t  TmlAAS ] N IAAHI with IAAHI slightly larger 

than  T~IAAS], in agreement with the observed A T  < 0. This finding seems 
to rule out the typical  hydrophobie  effects since AAS does not  prevail (~9). 

Finally,  the different behaviour of AAH and AAS at different ionic strengths 
seems to suggest tha t  other mechanisms are effective in the melt ing process. 

3"4. Role o/ alcohols on the activity o/ water. - In  this context  it appears 

instruct ing to examine the the rmodynamic  properties of alcohol-water mix- 
tures (18,2o); both  the mixing entha lpy  and excess en t ropy are negative with 

minima occurring in the water-rich region at values of the alcohol molar  f ract ion 
surprisingly close to those at which the melting temperatures  change their trends. 

Al though it has recently been shown (21) tha t  alcohol molecules are not  found 
in the close proximi ty  of the D ~ A  phosphates,  it is not  unreasonable to expect 
a strong modification of the water  s t ructure  a round D ~ A  induced by  alcohols. 

I t  has, in fact,  been suggested by  several authors tha t  the stabil i ty of D ~ A  is 
controlled by  the degree of its hydra t ion ;  this, in turn,  is controlled by  the ac t iv i ty  

of water which depends upon the presence of ions and cosolvents such as alcohols. 
Fur thermore,  the water ac t iv i ty  might  p lay  an impor tan t  role on the binding 
of counterions to the phosphates by  controlling the degree of ionic hydra t ion  

as well as the ion ac t iv i ty  in the bulk solution. 
For  what  concerns the behavionr of the melt ing (see fig. 3 and fig. 4) we 

(1,) C. TANEO~D: The Hydrophobie E]]eet (Wiley, New York, N. Y., 1973). 
(20) F. FRANKS: in Water: a Comprehensive Treatise, Vol. 4, edited by F. FRANXS 
(Plenum Press, New York, N.Y., 1975). 
(21) D.B. LElCNER, W.J .  BECKTEL, ~. EVERETT, )][. GOODMAN and D. R. KEA~NS: 
Biorolymers, 23, 2157 (1984). 
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note tha t  T m inversion occurs at  values of X at  which also the thermodynamic  
parameters  of alcohol-water mixtures exhibit changes in their trend. Such phe- 
nomena have been a t t r ibuted to (( micellization >> of the alcohols in water  (22,23); 

this effect could be seen as responsible of water release when (( mieellization )> 
occurs, leading to an inversion of the t rend of water  act ivi ty  and, conse- 
quently, to a restabilization of the duplex due to this rehydrat ion.  Work  in 

progress on the B -+ C transit ion under the influence of ions and alcohols 
supports these views since, when the critical values X are reached, the transi- 
t ion displays an inverted t rend tha t  can be a t t r ibuted  to rehydra t ion  of the 

helix ("). 
I n  order to test this hypothesis we have performed detailed measurements  

of the adiabatic compressibility of alcohol-water mixtures in the concentrat ion 
range 0 < X < 0.2. The adiabatic compressibility in a liquid b inary  mixture 
is a function of composition and strongly depends on the nature and intensi ty 

of molecular interactions (24). Compressibility measurements  become then apt  
to yield information, at  least in a quali tat ive way, on the nature  of the inter- 
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Fig. 6. - Compressibility of alcohol-water mixtures as a function of the alcohol 
concentration; symbols are the same as in fig. 2. 

(2~) G. ltoxJx, D. RoB]~I~S, G. P~R~o~ and J. 1~. D~s~oY]~RS: J.  SoZution Chem., 
9(9), 629 (1980). 
(23) j .  LARA and J .E .  D~,s~ou J.  Solution Chem., 10(7), 465 (1981). 
(24) D. S ~ E :  in Haudbueh der Physik,  Vol. 11(1), edited by S. F~VGG~ (Springer- 
Verlag, Berlin, 1961), p. 275. 
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actions t ha t  the molecules of the sys tem exchange (22,25). The compressibi l i ty  
/~ of alcohol-water  mixtures  is also found  <~ anomalous  ~> (see fig. 6). The fl(X) 
curves indicate tha t ,  a l though the  alcohols are more  compressible t h a n  water ,  
small  additions of alcohol cause a decrease in the compressibi l i ty;  the  compres-  
sibility goes th rough  a m i n i m u m  at  an in te rmedia te  composi t ion X* and  then  
increases with increasing X. The posi t ion of the m i n i m u m  X* is different for 
different alcohols, being smaller for the heavier  alcohols. I t  is reasonable  
to assume tha t  the observed behaviour  is due to an  initial re inforcement  of 
wa te r -wa te r  interact ions a t  low X due to the addi t ion of eosolvents,  followed 
at  X ~ X* b y  a s t ruc ture -break ing  act ion due to (dynamic) <~ micell ization >> 
of alcohols in water  (22,~3). The effect increases wi th  increasing a lkyl  group 
size of the  organic cosolvent;  as an example ,  the  slope d,8(X)/dX becomes 
more  negat ive  and the m i n i m u m  in fi(X) occurs a t  lower molar  f rac t ion  X* 
of eosolvent,  according to the sequence n-propanol ,  isopropanol,  e thanol ,  
methanol .  The values of X* are close to the  ones a t  which the mel t ing  t empera -  
tures of D N A  change their  t rend,  indicat ing t ha t  D N A  conformat ional  s tabi l i ty  
is closely l inked with  the proper t ies  of the  solvent.  

4 .  - C o n c l u s i o n s .  

The above  discussion leads to the  following remarks :  electrostat ic  and  hydro-  
phobic effects, perhaps  occurring s imul taneously ,  are p robab ly  of the  same order 
of magni tude  and,  therefore, ha rd  to separa te  in the  case of D N A  denatura t ion .  
The complex i ty  of the mel t ing  curves a t  high alcohol concentrat ions is cer ta inly  
to be ascribed to the unusual  proper t ies  of the  solvent  as suggested f rom da ta  
such as the compressibi l i ty  of a lcohol-water  mix tures  and  sa l t -water  mix tures  (22). 
We note,  however,  t h a t  D N A  in alcohol-water  solutions displays a behav iour  
which parallels the hydra t ion  of small  cations in the same solutions, as inferred 
f rom mobi l i ty  da ta  (2e). This resul t  is not  unexpec ted  since D N A  is a poly- 
electrolyte wi th  a s trong electric in te rac t ion  e2/eb which is grea ter  t h a n  the  
the rma l  energy kT. This effect leads to the  <( condensat ion  >> of h y d r a t e d  coun- 
terions (2~). The hydra t ion  of D N A  seems then  to be domina ted  b y  the  elec- 
t ros t r ic t ive  in teract ion between D N A  and wate r  (whose ac t iv i ty  is control led 
b y  the  alcohol concentrat ion);  therefore,  the  mel t ing  migh t  reflect these inter-  
actions. 

When  considering lower alcohol concentrat ion,  which one expects  to be  
associated with a simpler water  s t ructure ,  still there  occur difficulties for a 

(25) 0. CONDE, J. TEIXEIRA and P. PAPO~: J. Chem. Phys., 76(7), 3747 (1982). 
(2e) R .L .  KAY: in Water: a Comprehensive Treatise, Vol. 4, edited by F. F~AZ~KS 
(Plenum Press, New York, N.Y. ,  1975). 
(37) F. OOZAWA: in Polyelectrolytes (Dekker, New York, N. Y., 1971). 

~1 - I I  N u o v o  C i m e n t o  D .  
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c l ea r - cu t  i n t e rp re t a t i o~ t  of t h e  d a t a .  W e  feel ,  h o w e v e r ,  t h a t  m o s t  of t he se  dif-  

f icu l t ies  cou ld  be  d e a l t  w i t h  b y  m e ~ n s  of a p r o c e d u r e  l e~d ing  to  isolat io~t  of 

t w o  effects :  1) t h e  e l e c t r o s t a t i c  cor~ t r ibu t ion  w h i c h  a p p a r e r t t l y  desc r ibes  t h e  

m e l t i n g  a t  c h a n g i n g  ionic  s t r e n g t h  a n d  2) t h e  h y d r o p h o b i e  h y d r a t i o n  of D ~ A  

bases  e x p e c t e d  r o b e  r e l e v a n t  in  w a t e r  a l coho l  m i x t u r e s  (a t  low a l coho l  cort- 

c e n t r a t i o n ) .  The  s t r o n g  t h e r m a l  d e p e n d e n c e  of t h e  i n t e r m o l e e u l a r  s t r u c t u r e  of 

w a t e r  a p p e a r s  to  be  a n  o b s t a c l e  t o w a r d  a s e p a r a t i o ~  of h y d r o p h o b i c  a n d  e lec t ro-  

s t a t i c  effects  in  D ~ A  meltir~g process .  W o r k  is ir~ p rog re s s  in  o r d e r  to  e s t a b l i s h  

t h e  ro le  of t e m p e r a t u r e  on t h e  t h e r m o d y n a m i c s  of DiCTA-solvent i n t e r a c t i o n .  

W e  a re  p a r t i c u l a r l y  g r a t e f u l  to  Prof .  A.  C~rPA~E, Dr .  M. LEONE a n d  Dr .  

E .  Vr~]~ANO for  use fu l  a n d  s t i m u l a t i n g  d i scuss ions .  ]~[UA~qG FU-]~[UA g r a t e f u l l y  

a c k n o w l e d g e s  a f e l lowsh ip  f r o m  I .C .T .P . ,  T r i e s t e  ( I t a ly ) .  

�9 R I A S S U N T O  

Si ~ s tudia ta  la denaturazione isoterma del DNA da t imo di vitello indot ta  dal la  
presenza di quat tro alcoli semplici in soluzione. Sono s tate  eseguite sin misure a 
67.2 ~ tempera tura  alla quale la frazione dena tu ra ta  senza alcoli vale circa 20%, 
ehe profili di (~ fusione ~> a tempera ture  variabili .  I r isul ta t i  mostrauo che al creseere 
della concentrazione e del gruppo alchilico degli aleoli la denaturazione dappr ima  
raggiunge un valore massimo e poi  torna  indietro.  Questo comportameuto,  a t t r ibui to  
alle proprieth (, insolite ~> del l 'acqua come risul ta  anche da misure di compressibili ts 
indica che gli effetti idrofobiei ed elet t rostat iei  intervengono in modo eomplieato.  

IIJtaBJieHHe DNA, mt~yI~p0BaHH0e cHHpTaMH. Po~Ib eBOfiCTB paCTBOpHTeJIe~. 

Pe3ioMe (*). - -  Hccae~yeTc~ H3oTepMaqecra~I ReHaTypaI~n~ D N A  TrLMyCa, ~u~ymdpo- 
BaHHaJt naJItIqHeM MOHOFH~pn~HBIX ClIHpTOB B paCTBOpe. I/I3MepeHH~t IIpOBO~ITC~ npH 
TeMHepaType 67.2~ npn KOTOpOI~ ~eHaTypauna B IIpHcyTCTBHlt CIII4pTOB cocTaBn~eT 
OKOnO 20%. T a r ~ e  peracxpnpy~oTca npo~nrtn ~naBnenu~ npn paa~n~H1,ix weMnepa- 
Typax. YlOYly~eHn1,Ie pe3y~bTaT1,I noKa3bmaroT, qTO IIpH yBenRqenn]4 rORt[eHTpattnn 
crlrtpTa a pa3Mepa anKrtymi~o~ rpynrmt ~eaavypamta D N A  cuaqana ~OCTHraeT MaKcH- 
MyMa, a 3aTeM y6~tBaer. 9TO Hone~eHHe, rtprmnCbiBaeMoe CBO~CTBaa'v[ (( Heo61,mnoBe~- 
uo~ >> ~ 0 ~ ,  qTO HoayqeHo Tarzce I43 H3MepeHId~ C~KnMaeMOCTId, yKa3bmaeT, ~TO ru~po- 
~06nB~e a aaexTpOCTaTatlecKIde aqbqberTbi CB~I3aHt,I CJIO;~H/,IM 06paaoM. 

(*) HepeeeOetto peOamtue~. 


