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hydrophilic exterior of lysozyme unfolds more readily 
than the hydrophobic core in urea at pH 2.8. The 
action of ethanol-water on trypsin has been inter- 
preted by  POHL 41 as a two state process (cf.42). 

Following the classic paper  of MIRSKY and PAULING 4s 
the denaturation of proteins was interpreted largely 
in terms of rupture of peptide hydrogen bonds. How- 
ever, more recently it has become fashionable to lay 
great stress on the importance of the hydrophobic bond 
and the large heat  capacity changes for denaturation 
reactions ~,~3. I t  is difficult t o  reconcile the hydro- 
phobic interpretation with the temperature  dependence 
of 'heat '  denaturation in general, and with the effect 
of pressure on the model compound 4~ 4-octanone, and 
on ribonuclease 45. t{AUZMANN and KLIMAN 44 found tha t  
the solubility of 4-octanone in water, at constant tem- 
perature, increases with increasing pressure up to 1500 
to 2500 kg/cm 2 when it is ca. 1.5 t imes  the value at 
1 atm. Thereafter i t  decreases becoming equal to the 
value at  1 a tm  when the pressure is 4200, 5300 and 
6500 kg/cm 2 at 15, 25 and 35°C respectively. They 
found the solubility at 15°C is greater than that  at 
35°C for pressures up to 4500 kg/cm 2. The volume 
change on solution is ca. - - 2 8  cma/mole at 1 a tm 
(15-35°C), 0 cm3/mole at 2000 kg/cmL and + 3  to 
+ 5 cm3/mole at pressures above 2000 kg/cm 2. I t  was 
concluded that  4-octanone is a good compound to use 
as a model for hydrophobic interactions, o n  the basis 
of this model it  would be expected tha t  proteins would 
have a greater  tendency to denature at  pressures up 
to 4500 kg/cm e at 15 °C and up to 6000 kg/cm 2 at 35 °C, 
than at 1 atm. Assuming the solubility trends for 
4-octanone continue at  higher pressures nat ive protein 
conformations should be stabilized at such pressures. 
On the other hand, as I{AUZMANN and KLIMAN stress, 
pressures below 3000-4000 kg/cm 2 do not denature 
m a n y  proteins. Indeed the native conformations, 
except tha t  for ribonuclease, appear  to be stabilized 
by  these pressures. When the pressure is increased 
above 4000--6000 kg/cm 2 at 10-70 °C all proteins and 
enzymes studied to date are denatured. The volume 

change of - - 4 5  cmS/mole observed by  BRANDTS et 
al. 45 for the conformational change for ribonuclease 
in water  at 25 °C is much smaller than one would expect 
if hydrophobic bonding is a major  structural force in 
ribonuclease. The contribution of the hydrophobic bond 
in protein denaturat ion will be reviewed elsewhere by  
H. McK., who concludes that  in many  cases side chain 
hydrogen bonds are the more decisive factor 46. 

Since this manuscript  was prepared a review on 
microcalorimetry by  I. WADS6 has appeared in Q. Rev. 
Biophys. 3, 383 (1970). \YAPs6 stresses that  heat 
capacity determinations on protein solutions are quite 
difficult to perform and that ,  although the required 
precision can be achieved with the best isoperibol 
type calorimeters, large quantities of protein (ca. 
100 ml, 1% solution) are required. 

Zusammenfassung. Untersuchungen der Denaturie- 
rungsvorg/inge sind fiir ein Verst~ndnis der Protein- 
s t ruktur  und -funkti0n yon grosser Bedeutung. Es 
werden Methoden besprochen, die am ehesten geeignet 
sind, die Fragen zu beleuchten, ob die Denatufierung 
einen Zwei-Formen-Prozess darstellt und ob sie rever- 
sibeI oder irreversibel ist. Sic werden an Beispielen der 
Harnstoffdenaturierung genetischer Varianten des 
Rinder-fl-Lactogtobulins erlttutert. Es wird ausserdem 
erdrtert, in wieweit sich die Schlussfolgerungen auf die 
Denaturierung anderer Proteine iibertragen lassen. 
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A New Solution of the Equilibrium Equation for an Isothermal Gas Sphere 

In our recent paper 1 we have extended the region of 
validity of the Fowler's solution for the Lane-Emden 
equation of index 3. In this paper we have obtained a 
new solution of the equilibrium equation in the (~, ~0) 

plane for an isothermal gas sphere, satisfying the required 
boundary conditions and asymptotically approaching the 
singular solution at infinity. The solution governs the 
density distribution at and around the centre. 
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The  equi l ib r ium equa t ion  for an i so thermal  gas 
sphere is ~ 

~-~ ~ -  ~ ~ -  = e-~, (1) 

where ~ and ~ are funct ions  of radius  and dens i ty  g iven by  

E q u a t i o n  (1) is analogous to  the  L a n e - E m d e n  equa t ion .  
The  solut ion of (1) is va luab le  if i t  satisfies the  fol lowing 
bounda ry  condi t ions :  

7 ~ = 0 ,  d ~ ' = 0 ,  at ~ = 0 .  (2) 
a ~  

W i t h  the  help  of E m d e n ' s  t r ans fo rmat ion  and  the  
homology  theorem,  (1) can be wr i t t en  in the  fol lowing 
form : 

dy 
y - . ~ - -  y + eZ - -  2 = O ,  (3) 

where  

dz 
Y = ~ ,  z = - - ~ + 2 1 o g s  e, e - t = ~ .  

By  an appl ica t ion of IIARDY'S s t heo rem to (3), i t  follows 
t h a t  we should u l t ima te ly  have  one of the  fo l lowing 
three possibil i t ies : 

dy ~ 0 ,  dy dy dz -d) -z -~oo ,  - ~ - z - * l  as ~ - * 0 .  

The  first  poss ibi l i ty  yields E-curve .  The  second possibi l i ty  
is c lear ly  impossible.  U n d e r  the  th i rd  poss ibi l i ty  C~AN- 
DRASHEKHAR 2 found the  solut ion of (1} in t he  fo rm 

= A ~-~ e-Cti a t  ~ --> 0, where A and  C are constants .  
N o w  we seek a solut ion va l id  in a larger  region 0 _ dy/dz  
< 1 a t  and a round the  cent re  ~ = 0. E q u a t i o n  (3) can  
be  wr i t t en  as 

e Z - - 2  ~ + \ d ~ ]  " ' "  + \ d z ]  + " ' "  

We choose a suff ic ient ly large pos i t ive  in teger  m, such 
t h a t  for n > m, (dy/dz) n ..~ 0 in the  region 0 _< dy/dz  < 1. 
Thus  equa t ion  (5) app rox ima te s  to the  fo rm:  

Y = r l -  ( dy (1 dy (6) 
e ~ - - 2  L k-d;]  ] k  - - - 2 ; 1  " 

Subs t i tu t ing  for dy /dz  from (3) into (6) we get  

[ y - - ( e " - - 2 ) ] " + ~ = e m + ~ O ,  for 0 < e < l ,  (6a) 

which  yields t he  fol lowing fami ly  of solut ions in the  
(£  ~) p lane :  

E-so lu t ions  are significant,  as t h e y  form a grid for use 
in ana lyz ing  the o ther  solutions.  According to  RUSSEL 4 
only  E-so lu t ions  can represent  independen t  masses of 
f luid t h roughou t  the  ex ten t ,  bu t  o thers  m a y  hold for 
a mass of t luid ex te r ior  to a sphere of sui table  mass and 
radius. Thus  the  fami ly  of solut ions (7) serves as an  
in terna l  suppor t .  

CHANDRASHEKtIAR 2 states  t ha t  ' t he  solutions of the  
isothermM equa t ion ,  which are  f ini te  a t  origin,  h a v e  
necessari ly dy~]d~ = 0 a t  ~ = 0; and t h a t  consequen t ly  
the  homologous  f ami ly  {~ (~) } includes all  solut ions which 
are f in i te  a t  the  or igin ' .  For  t he  ver i f ica t ion  of th is  
s t a t e m e n t  we can wr i te  equa t ion  (1) in the  fol lowing 
form : 

d*x 
. . . . . .  ~ e - z ~ ,  (9) 

where 

x =  ~p~ or e-~ = e - * / ~ .  (10) 

F r o m  (10) we have  

d~p = dxld~ - -  x ].  
(-d~)~-0 l i m [  ~ ~=0 ~2 J (11) 

(4) 

For  any solut ion passing th rough  x = 0, ~ = 0, we have  

x(~) ~ - ~.0: k kd~,]~=o + . . .  (12) 

(d~) .:d~.,  
-b $ ( ~ - ) ¢ - o  + " ' "  (13) 

Now f rom equa t ions  (11), (12) and (13) we get  

1 1 

Subs t i tu t ing  the  va lue  of e -xl~ f rom (8) into (14) we get  

lim = 0 2 (  =-2- 
(5) 

Thus  the  E-so lu t ion  (8) var i f ies  t he  s t a t e m e n t  of CnAN- 
DRASHEKHAR. The s ingular  solut ion of (1) obta ined  by  
Z6LLNER 5 is e-~ --~ 2[~ ~. H e n c e  the  solutions (7) and (8) 
a sympto t i ca l ly  approach  the  singular  solution a t  inf ini ty.  

ZusammenJassung .  Eine  neue L6sung der  Gleich-  
gewichtsgle ichung in der  (~, ~o)-Ebene wurde  fiir eine 
i so therme Gaskugel  gefunden.  
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where B is t he  p a r a m e t e r  of the  family.  To  get  a par t icu la r  
solut ion sa t is fying the  b o u n d a r y  condi t ions  (2), we see 
t h a t  e = 0 and B = - - 2 .  The  corresponding solu- 
t ion  is called the  E-so lu t ion  and is g iven by  

e-~ = 2 (~* + 2) -1. (s) 

The s t ructure  of the  comple te  i so thermal  gas sphere 
can be de te rmined  when  a solut ion of (1) sat isfying the 
bounda ry  condi t ions  (2) can be obtained.  Therefore,  the  
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