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T H E  G L O B U L I N S  OF  T H E  G R O U N D  N U T  

( Arachis Hypogaea) 

INVESTIGATION OF ARACHIN AS A DISSOCIATION SYSTEM 

by  

P. JOHNSON AND E. M. SHOOTER 

Davy Faraday Research Laboratory o/the Royal Institution, 
London (England) 

I. INTRODUCTION 

JONES AND HORN ~ described two methods for the preparation of the arachin fraction 
of the ground nut  globulins from a saline extract  of the oil free meal; 

i. dilution with water, or dilution to permanent cloudiness followed by saturation 
with carbon dioxide, and 

ii. 40% saturation with ammonium sulphate. 
I t  was later t shown, however, that  these two methods of preparation did not yield 

the same product, a conclusion which was also confirmed in the electrophoretic analysis 
of FONTAmE, IRVING AND WARNER 8. JOHNSON 4 found that  the preparation (ii) of JoNEs 
AND HORN was almost homogeneous in the ultracentrifuge, containing a component of 
molecular weight approximately 4o0,ooo. I t  was further demonstrated that  this com- 
ponent was the parent molecule (A,) of a reversible dissociation reaction 

A.  had s°0 = z4.6 s 
A.  ~ nA where 

A h a d s ° 0 =  9.5s 

Dissociation of A.  was achieved by  dilution of a salt solution of this component with 
water and acidification to PH 5.0, the degree of dissociation increasing with dilution, 
whilst association was complete in 15 % saturated (0,88 M) ammonium sulphate solution. 
Thus preparatiou (i) of JONES AND HORN (repeated by JOHNSON) produces a mixed 
fraction (A. and A molecules) whose composition depends on the degree of dilution. 
Two sedimenting boundaries only were found in this fraction, one of which was identified 
as due to A,  molecules. I t  was further concluded from sedimentation and diffusion 
measurements that  the integer n probably had the value 2 and that  the dissociated 
molecule was in fact a half molecule of the parent. A uni-univalent salt, potassium 
chloride, caused only relatively slow association even in 2.8 M solution. 

The fact that  the two types of preparation (A 2 + A, and A2 respectively) are chemi- 
cally alike has been confirmed by an examination of their ultra violet absorption spectra 5. 

The work of JOHNSON On the association-dissociation system has now been ex- 
tended (Part I) and in addition a detailed study by electrophoresis at 20 ° C (Part II, 
p. 376) has been carried out. 
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T o  e n s u r e  t h a t  m e a s u r e d  p h y s i c a l  c o n s t a n t s  of  t h e  A 2 a n d  A ( p a r e n t  a n d  d i s soc i a t ed )  

m o l e c u l e s  we re  n o t  m e a n  v a l u e s  d e p e n d e n t  u p o n  t h e  p a r t i c u l a r  e q u i l i b r i u m  p o s i t i o n  i t  

w a s  n e c e s s a r y  t o  e x a m i n e  t h e  n a t u r e  of  t h e  e q u i l i b r i u m  b e t w e e n  t h e m .  A c c o r d i n g l y  t h e  

r e s u l t s  on  t h e  A~ ~ 2A e q u i l i b r i u m  a n d  t h e  v a r i o u s  f a c t o r s  i n v o l v e d  a re  d e s c r i b e d  

b e f o r e  i t  is a t t e m p t e d  to  c a l c u l a t e  m o l e c u l a r  w e i g h t  a n d  to  e s t i m a t e  m o l e c u l a r  s h a p e .  

S ince  t h e  A 2 a n d  A spec ies  s e d i m e n t  v e r y  d i f f e r e n t l y ,  t h e  i d e n t i f i c a t i o n  of  t h e  t w o  c o m -  

p o n e n t s  h a s  b e e n  p e r f o r m e d  in  t h e  fo l l owing  s e c t i o n s  f r o m  s e d i m e n t a t i o n  c o n s t a n t s .  

a. ,4 pparatus 

The determinat ion of sedimentat ion constants  and the examinat ion of the distr ibution of the 
various molecular weight species was carried out  with the air-driven ultracentrifuge equipped with 
the diagonal schlieren system described by EtRXCH AND RXDEAL ~ and more recently by ALEXANDER 
AND JOHNSONL Ultracentrifuge results are presented in the form of enlargements of actual  recorded 
diagonal schlieren diagrams, the ordinate being proportional to dn/dx, the refractive index gradient  
in the  cell, distances x being given by the abscissa. The area enclosed by  the schlieren curve is pro- 
portional to the total  refractive index change over the boundary.  Movement, with time, of the 
schlieren peaks in such diagrams gives accurate sedimentat ion constants.  

b. Extraction and [ractionation o! the protein material 

The extraction and fractionation procedures of JOHNSON 4 have been modified slightly. Extract ion 
of the protein from the  meal was achieved with four separate volumes of 6-io~/o sodium chloride 
over a period of twenty  four hours and the final saline extract  was cleaned by filtration through 
a pad of Kieselguhr. Fract ionat ion was as follows, the nomenclature being retained throughout  this  
discussion 

6 - i o %  NaC1 extract  

Dilution with H,O / ~ N N ,  4O~o satura t ion with 
and acid to PH 5 .0 (NH#)tSO~ 

Ppt  I Ppt I I  
(Mixed fraction A 2 + ,4) (Parent  molecule .42) 

Fig. I. 

Fract ion I (the original nomenclature of JOHNSON, i.e. fractions A and B has been changed 
to I and II  respectively to avoid confusion with the  .4 s and .4 molecules) was freeze dried from 
a small quant i ty  of mother  liquor whilst fraction II  was stored for periods of several months  under  
its mother  liquor a t  o0-5 ° C. Solutions of both  fractions in the requisite buffers required prolonged 
dialysis (especially for electrophoretic analysis) to remove foreign electrolyte. The choice of the 
method of storage depends solely on convenience since it was demonstra ted t ha t  samples of fraction I 
stored a t  o°-5 ° C, freeze dried, or dehydrated with alcohol and  ether  possessed the  same electro- 
phoretic mobilities (Table I). 

TABLE I 
E L E C T R O P H O R E T I C  M O B I L I T I B S  O F  F R A C T I O N  I, I N  P H O S P H A T E  B U F F E R  AT I = O. IO 

Sample 

t. Stored under  super- 
na t an t  a t  00-5 ° C 

2. Alcohol-ether dried 

3. Freeze dried 

PH of 
analysis 

7.90 

7.96 

7.90 

An 

o . O O l i i  

0.oo1o5 

o.oolo 5 

Mobilities. lO +4 (cm I sec -1 volt- l)  - 

fast slow 

I.x3 1.o 4 

I.o8 0.97 

I . I 2  I .OO 

Asc. Desc. 

fast slow 

1.o9 

1.04 

l .  IO 

I . O 0  

0.94 

0.94 

* Only the  descending fast mobili ty is correct when, as is usual, the conduct ivi ty  of the dialysed 
protein solution is used in the calculation of mobilities. All other mobilities should strictly be referred 
to as "apparen t  mobilities". Error is estimated at  q- 3%.  
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These  re su l t s  also conf i rm the  earlier obse rva t i ons  of JonNsoN I who  found  t h a t  t he  ma te r i a l s  
s to red  accord ing  to t he  first  two p rocedures  gave  ident ica l  s e d i m e n t a t i o n  c o n s t a n t s  for theix respec t ive  
c o m p o n e n t s .  No severe  change  of s t r u c t u r e  there fore  occurs  w i th in  t he  molecule  du r ing  these  
d e h y d r a t i o n  processes .  

III .  THE STATE OF THE PROTEIN IN THE NUT 

Saline extracts possessed too high an electrical conductivity for electrophoretic 
analysis but  could be examined in the ultracentrifuge. Thus a 
typical extract  gave the largely one component sedimentation 
diagram of Fig. 2 for which s~0 = I4. 4 (zk o.5) Svedberg 
units. A small quanti ty of very inhomogeneous low molecular 
weight protein (not the so. 6 species) was also present. 

Since the action of 6% NaC1 is insufficient to cause rapid 
association of any dissociated molecules (e.g. JOHNSON found 
that  2I% KC1 caused only slow aggregation of the sg. 5 species, 
taking several days) it would appear that  the main part  of the protein of the nut  is 
present as the parent undissociated s14.6 species. 

Fig.12. S e d i m e n t a t i o n  dia-  
g r a m  of 6% NaC1 e x t r a c t  

of g r o u n d  n u t  meal .  

IV. FACTORS NECESSARY FOR DISSOCIATION 

a. The prepara2ion o/ the mixed/raction I (A S and A molecules, or sa4.6 and sg. o 
species) which involves a decrease in both salt and protein concentration and a Pa 
lowering to ca. 5.0, causes partial dissociation of the parent s14.6 species. I t  is of interest 
to enquire into the relative importance of these factors. The starting point for each of 
the following experiments was an aliquot volume of an approx. I% solution of the 
undissociated protein, fraction II, in 6% NaC1 at Pit 6.0. The final precipitates from 
these procedures were dissolved in phosphate buffer (I = o.Io; PH 7.98) to a final Pa 
of approx. 7.60 and examined in the ultracentrifuge within one or two hours of solution. 
These latter conditions were chosen because it was shown that  no change in the com- 
position of either fraction I or II  occurred during several hours in the phosphate buffer, 
I --- o.Io at pH'S near 8.o. Sedimentation velocity analysis of the final solutions therefore 
provided an exact analysis of the respective precipitates. The three procedures are now 
listed, the sedimentation diagrams, corrected sedimentation constants and experimental 
details for the final precipitates being given in Fig. 3. 

I. Precipitation by decrease of both salt and protein concentration was achieved 
by  diluting the starting solution tenfold with distilled water (final conc. o.1 M NaC1, 
final PH 6.0). 

2. Precipitation at PH 5.0 with a decrease in protein concentration only, involved 
a preliminary dilution with 9 volumes of the 6% NaCI before acidification. 

3. Precipitation at PH 5 .o with a decrease in salt concentration only. Here the 
protein concentration was maintained constant (at least until precipitation) by  dialysing 
the original solution in a completely filled cellophane bag against distilled water whose 
lht was constantly adjusted to 5.0. 

Little dissociation occurred in procedures I and 2. In a similar experiment JOHNSON 
found no dissociation when an identical starting solution was precipitated at PH 5.o 
without preliminary dilution. I t  is now evident that  a decrease in salt or protein concen- 
tration (or both) without acidification to PH 5.0 or a decrease in protein concentration 
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and a PH lowering to 5.0 are  insufficient to cause dissociation. Thus both the conditions 
of procedure 3, a low salt concentration and a PH in the neighbourhood of 5.0 are 

Frac t ion  II  in phospha t e  buffer PH 8.0 
s ° - - ,  I4.6 

x. Decrease in [salt] and  [P]  
Final  PH 7 .6o, sO - - "  ~a.o 

".. Decrease in [/ 'J  + acid to  PH 5 .0 
7 ina l  PH 7.57, s~0- - ,  14.6 

3. Decrease in [salt] + acid to  PH 5 .0 / M . . , ~  
F ina l  PH 7 -62, sO, 8.3, (x3.4) 

Fig. 3. Prec ip i ta t ion  procedures  on solut ion of f ract ion II  in 
6% NaCI a t  PH 6.0 

Note. Sedimenta t ion  d iagrams enlarged × 4.74 f rom 
original p la te  

essential factors in dissoci- 
ating the parent species. 

To explain the need for 
the combination of these two 
factors the equilibrium system 
has been examined over a 
range of PH values and salt 
concentrations in phosphate, 
barbi turate  and to a smaller 
extent in borate buffers. The 
term barbi turate  is used 
throughout as an abbreviation 
for diethylbarbiturate.  

b. Solutions in phosphate 
buffer at pn's lower than 8.0 

The rates of the reactions 

A 2 ~ 2A 

are very slow in 0.0 5 M phos- 
phate  solutions at  Pa 8.0 
containing small quantities 
(m 1% saturation) of ammo- 
nium sulphate 4. The minimum 
pri's to which approximately 

0.6% solutions of the fractions I and I I  in phosphate buffer at I = o. io may  be taken 
without precipitation are 6.90 and 7.1o respectively. Solutions riear these pH'S were 
therefore examined immediately after 
attaining these conditions and after 
standing for many  hours. For example 
a solution of fraction I dialysed at 
Pa 7-9 ° (in phosphate buffer, I = o.Io) 
for 48 hours contained a slight excess 
of the lower molecular weight species 
(Fig. 4a). 

Sufficient N/Io HCI was then added 
to decrease the Prx to 7.02 and the solu- 
tion immediately re-examined (Fig. 4b). 
No visible change in the relative concen- 
trations of the parent  and dissociated 
molecules was detected. However, a 
second volume of the original solution 
at PH 7.9 ° dialysed over a period of 88 
hours to a PI~ of 7.08 (spending the last 

Re/eremes p. 375. 

Age of 
PH soln. 

(hrs.) 

a. 7.90 48 

b. 7.02 z 

c. 7.08 40-5 ° 

Fig. 4. Sed imenta t ion  d iagrams of fract ion I in 
phospha te  buffer;  I = o . Io  
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40-5 ° hours at this final Pn) (Fig. 4c) showed some decrease in the concentration of the 
faster sedimenting parent species. (Control experiments with the same dialysis tubing 
showed that  the final PH in this type 
of dialysis was attained in about 40 
hours provided the initial PH was 
not considerably greater than 8.5). 
A similar result is obtained for solu- 
tions of fraction II  (i.e. parent s14.6 
species only) which provide the 
better  system since 

a. the rate of dissociation is 
greater the higher the concentration 
of the undissociated molecule, 

b. the appearance of even small 
traces of the s,. 0 species in diagrams 
originally without this component 
is readily detected. 

PH 
Age of 

solution 
(hrs) 

a. 7.90 i 

N HCI 
I O  

b. 7.22 28 f k 
Fig. 5. Sedimentation diagranm of fraction II in 

phosphate buffer; I = o.xo 

Thus an undialysed solution of this fraction at PH 7.9 ° was practically homogeneous 
with respect to the sx4.0 component as in Fig. 5a, whilst the same solution acidified to 
PH 7 .22 and stood for 28 hours before examination contained some 2o% of the dissociated 
form (Fig. 5b). 
Reaction or dissociation rates do therefore increase at the lower tM's in phosphate buffers. 

The original values of the sedimentation constants of the At and A molecules ° were 
14.6 and 9.5 s respectively, but  it now appears from many determinations that  the mean 
value for the dissociated A molecule is 9.o 4- 0.2 s. The dissociated component is now 
referred to in the following sections as the sg. o species, the parent component as before 
- - t he  sa~. e species. 

c. The equilibrium in sodium diethylbarbiturate buffers 

Although originally chosen for electrophoretic properties, the results on the equi- 
librium positions of the dissociation-association process and its rates of reaction in 
barbiturate buffer as determined by  the ultracentrifuge are more extensive than in the 
very limited phosphate buffer system. (The former buffer covers the range in which the 
solubility of the protein is sufficiently large). A range of barbiturate buffers from tM 7.0 
to 9.4 was used at a constant ionic strength (assuming complete dissociation of the 
sodium barbiturate) of o.o 4 . This is the maximum value which can be obtained at 
Pa 7.oo without the addition of neutral sa l t - - the  low solubility of the bargiturie acid 
being the limiting factor. The same procedure was adopted as in the phosphate experi- 
ments; solutions were usually examined immediately alter m_aklug up and then after 
standing for specific periods. 

1. The higher ~n'S 8.0 and 9.0 

The composition of fresh solutions at these pn's showed no change from the com- 
position of the solid material as determined in phosphate buffer at 1~ 8.0 and I ---- o.1o. 
Thus fraction I at I~  8.47 and fraction II  at tM 9 .18 after solution for one hour (one 
hour is approx, the time between preparing the solution and half sedimentation) gave 
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sedimentation diagrams (Fig. 6b) very similar to those obtained in phosphate buffer 
at PH 8.o. 

These solutions when stored for considerable periods developed a yellow colour and 
very slight precipitation occurred; this would, however, in no way account for the changes 
in composition which were noted. A solution, for example, of the fraction I in barbiturate 
buffer at Pn 8-95 stored with a little toluene at room temperature (I8 ° C) for I62 hours 
showed a decrease in the concentration of the more rapidly sedimenting boundasy, the 
s14.6 species (Fig. 6c). This composition probably represents the equilibrium composition 
at this PH for a similar solution stored for 2oo hours gave an identical sedimentation 
diagram (Fig. 6d)-- the dissociation is not therefore complete at Ptt 8-95. On the other 

FRACTION I FRACTION II 

a. Composition of ~ 
starting material 

Age of Age of 
PH solution PH solution 

(hrs) (hrs) 

b. 8.47 i ~ 
9.I8 x 

c. 8.9.5 I6Z ~ 
9.oo x66 

e. 8.oo 76 ~ 8.0 3 2oo 

/ 5  
d. 8.95 2oo J ~ "  

Fig. 6. Sedimentation diagrams of fractions I and II in barbiturate buffers; I ~ o.o4, of high PH 

hand the corresponding undialysed solution of fraction II  (containing therefore residual 
traces of (NH~)~SO 4) stored under identical conditions at Pa 9 .oo for a period of I66 hours 
had not shown a similar decrease in the sx4.6 component (Fig. 6c). I t  would therefore 
appear that  small amounts of ammonium sulphate can either reduce the rates of the 
equilibrium reaction or significantly alter the equilibrium position (see below). 

Solutions of the two fractions when dialysed for 76 and 2oo hours at pn's 8.oo and 
8.o3 respectively gave identical sedimentation diagrams (Fig. 6e) both showing a 
decrease (very considerable for fraction II) in the concentration of the sl4. e component. 
Indeed these two solutions differing in original composition had after some long but  
arbitrary time reached an identical composition which would therefore appear to be 
the true equilibrium position of the reaction at this PH. The half life of the reaction at 
this PH can fiLrther be estimated at less than 2oo hours since in this time the decrease 
in the concentration of the sx4. e component in the solution of fraction II  was very 
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considerable (> 50%). Removal of final traces of ammonium sulphate by dialysis thus 
allows the reaction to proceed to its normal equilibrium position. 

2. Analysis at pn's around 7.0 

A solution of fraction I dialysed for 7 ° hours from an original PH Of 7.63 to a final 
PH of 7.00 gave a sedimentation diagram which although not greatly different from 
that  of the original solid (Fig. 7 b) showed an increase in the s14.6 component when 
compared with the equilibrium composition at PH 8.0 (Fig. 7c). 

FRACTION I FRACTION II 

a. Composition of 
original material 

Age of 
PH solution 

(hrs) 
/ x .  

b. 7.oo 3 ° • J ~ "  

A 
c. 8.00 76 j ;  ~ ' -  

cf. Fig. 6(e) 

d. 6.98 x 

e. 6.98 x9 1 ~ ' ~  

Age of 
PH solution 

(hrs) 

f. 7.03 x 
dialysed 

g. 7.00 x 
undialysed 

Fig. 7. Sedimentation diagrams of fractions I and II in barbiturate buffers; I ---- 0.04, pH's around 7.0 

To a further solution in equilibrium at PH 8.0 (Fig. 7c) N/IO HC1 was added to give 
a final PH of 6.98. This solution was examined immediately (Fig. 7d) and after standing 
for 19 hours (Fig. 7e). Although these diagrams do not differ greatly a reaction during 
standing seems to be occurring, for which a half life time of lO--2o hours would seem 
probable (see also p. 368). 

Excess (NH4)tSO 4 was removed from a solution of fraction II  by dialysis at PH 8.O 
for 5O hours (involving some dissociation) and acid was subsequently added to Pax 7.o3 
- - t he  composition of the final solution is given by the diagram of Fig. 7f (no precipitation 
occurred) and its similarity with the equilibrium diagram at PH 7.0 achieved from 
fraction I is apparent. Some considerable increase in the rate of the dissociation (and 
therefore association) reaction at pH'S around 7.o as compared with higher tM's is 
clearly indicated. 

An identical undialysed solution containing up to 1% (NHc)zSO 4 was treated in 
a similar manner, i.e. storage at PH 8.O for 5o hours followed by addition of acid to a 
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final Pa of 7.00, and immediately examined (Fig. 7g). Relatively little dissociation had 
occurred, very much less than in the corresponding dialysed solution. As already 
suggested ammonium sulphate seems to be an effective agent for preventing dissociation 
either by reducing the rates of the equilibrium reactions or changing the equilibrium 
position. 

The actual contours of the sedimentation diagrams and values of sedimentation 
constants are of importance in estimating reaction rates. Thus the appearance of discrete 
peaks at the higher pH'S (e.g. tM 8.95, Fig. 6c) suggests that  the two components are 
relatively stable and the reaction constants k 1 and k s in the system 

kl 
A 2 ~ 2A 

ks 

are indeed small. These diagrams may be compared with the boundaries obtained in 
phosphate solutions at PH 8.O (Fig. 4 a) where the establishment of the equilibrium takes 
longer and the system behaves as a non-interacting two component type. I t  has now 
been demonstrated that  equilibrium is established more rapidly at the lower Pn'S. The 
sedimentation diagrams at PH 7.0, however, still show two sedimenting species, if 
admittedly the schlieren peaks are less discrete than at the higher pa's. I t  must therefore 
be concluded (e.g. LONGSWORTH 8) that  the half lives of the two opposing reactions 
at Pn 7.o are considerably longer than the duration of an experiment which is ca. I hour. 
This view is confirmed by the absence of noticeable convergence of the two sedimentation 
constants (14.6 and 9.0) at Pa 7.o (Table II). 

TABLE II 
S E D I M E N T A T I O N  C O N S T A N T S  OF  F R A C T I O N S  I A N D  II I N  B A R B I T U R A T E  B U F F E R ;  I = 0.0 4, PH 7 .0 

Solution 

Fractions I and  II  
in phosphate ;  PH 8.0 

Fract ion I 

Fract ion II  

Sed. 
diagram 

Fig. 7 a 

f b. d. 

e. 

PH 

7.00 

6.98 

7.07 

7.03 

Age of 
solution 

(hrs) 

8.5 

3 ° 9. I 

i 8. 3 

1 9  8.4 

r 8. 7 

14.6 

(17.2) 

15.5 

I5.5 

I4.8 

Mean 8.6 + o. 3, 15.o - -  o.2 

If the half lives were of the order or less than the duration of an experiment a very 
blurred (probably single) boundary would arise whose sedimentation constant would 
be intermediate between the values for the separate species. 

The various equilibrium positions in the barbiturate buffer system together with 
the estimates of the rates of reaction are collected together in Fig. 8. 

The experiment at I~  6.63 outside the buffer range proper (0.03 M barbituric acid, 
o.ooi M sodium barbiturate and o.o39 M NaCI) was achieved only by using a low 
concentration of fraction I (~  0.3% ) but, even so, some precipitation occmred. The 
Re/erences p. 375. 
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resultant solution after a short time (probably sufficient if the results at Pa 7 .0 are 
recalled) for equilibration gave the sedi- 
mentation diagram in Fig. 8, the con- 
centration of the parent st4. e component pa 
being greater than that  of its dissocia- 
tion product, sg. 0 species. The general 
trend therefore in this barbiturate 8.95 
system is for the relative concentration 
of the parent s14.6 species to increase 
with decreasing PH ; it has already been 
noted that reaction rates increase with 
decreasing Pa. 8.oo 

It may be recalled that  the equi- 
librium position in phosphate buffer 
(I = o.Io) at Pa 7.o8 contains a much 7.0 
smaller concentration of the st4.6 than 
s0. o species (cf. Fig. 4c-- this  solution 
has probably not reached complete 6.63 
equilibiium). The barbiturate system 
is evidently displaced relative to that  
in the phosphate and, in general, the 
equilibrium position and the rate of its 
at tainment at a particular PH will be 
expected to vary with the nature and 
concentration of the buffer ions. 

Approx  ~ life 

> 2 0 0  hou r s  

~ 2 o o  h o u r s  

E q u i l i b r i u m  pos i t ion  

XO--20 h o u r s  ~ ' ~  

5.0 Poss ib ly  a l m o s t  
i n s t a n t a n e o u s  

Fig, 8. S e d i m e n t a t i o n  d i a g r a m s  g iv ing  t he  equi l ib-  
r i u m  pos i t ions  of t h e  assoc ia t ion-d issoc ia t ion  pro-  

cesses in b a r b i t u r a t e  buffers ;  I = o.o 4 

Whilst borate buffer systems have not been studied in detail it would appear that  
in 0.05 M solution at Pa 7.9 an equilibrium mixture contains about 60% of dissociated 
material, the half life being of the order of 200 hours. 

3. Effect o] barbiturate buffer concentration 

Buffer solution 

a. B a r b i t u r a t e ;  I = o .oL PH = 6.99 

b. B a r b i t u r a t e ;  I = 0.04, PH = 7.05 ~ - , / '  

c. P rocedure  3 f rom Fig. 3 
i.e. dec rea se in  [ s a l t ] +  acid to PH 5 .0 
Fig.  9. Et tee t  of  sa l t  concen t r a t i on  on  t he  d issocia t ion  

A solution of fraction I in 
barbiturate buffer Pn 7.98 and 
ionic strength o.o 4 was dialysed 
over a period of x2o hours to PH 
6.99 and a lower ionic strength of 
o.oI (i.e. the solution remained 
at PH 6.99 for ~ 9 ° hours). Upon 
examination the resultant solu- 
tion (some precipitation occur- 
red) contained only a very small 
quantity, 5-IO% of the st4.6 
component (Fig. 9 a) and showed 
a very marked decrease in this 
component when compared with 
a similar solution in equilibrium 
at this PrI and an ionic strength 

ot 0.04, (Fig. 9 b) or prepared according to procedure 3, page 363 (Fig. 9c). 
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Thus not only does a lowering of the salt concentration favour dissociation but under 
the conditions of the above experiment this dissociation becomes almost complete. I t  
is now possible to explain why the two factors (i) PH in the neighbourhood of 5.o and (2) 
a low salt concentration are essential for the dissociation of the parent species and the 
preparation of the mixed fraction I. Low salt concentrations cause a shift of the equi- 
librium in favour of the dissociation products whilst low pH'S make possible the rapid 
attainment of this equilibrium state. 

V. THE DISSOCIATION PROCESS 

In the last precipitation procedure (3), the dialysis at PH 5.o, on account of the 
higher mobility of the hydrogen and hydroxyl ions compared with that  of sodium and 
chloride, the PxJ of the solution must fall more rapidly than its salt concentration. Since 
precipitation can be effected by PH lowering alone, considerable precipitation therefore 
occurs before the salt concentration is appreciably lowered. Such material is either 
unchanged initial protein or is incompletely equilibrated. Whilst below PH 6, equilibrium 
is probably almost instantaneous, the protein solubility is so low that  the equilibrated 
material now precipitated is only a small fraction of the whole. Further, this PH is 
undoubtedly reached before the salt concentration has fallen to its lowest value so that  
even under these favourable conditions dissociation cannot be complete. As a whole 
therefore, this procedure could not approach complete dissociation. 

However if in the above dialysis the PH were maintained for a considerable time 
in the region of 7.o instead of 5.0 the dissociation at low salt concentration though 
slower would not be interrupted by precipitation and would proceed nearer completion. 
This is confirmed by the experiment already given (page 369) when after dialysis at 
Pit 7.o and the low ionic strength of o.oi the residual solution contained some 90-95 % 
of the dissociated so. o species. 

VI. THE SIZE AND SHAPE OF THE PARENT AND DISSOCIATED MOLECULES 

a. The calculation of molecular weight and frictional ratio from the usual equations 
(SvEDBERG, 1940 ) 

_ ( 1 - - ~ 1 / 3  RT s and///o = lO-8 
M D( I__~e  ) \ DZs~ ] 

involves a knowledge of the partial specific volume (~) and the diffusion coefficient (D). 
JOHNSON 4 quotes the value 0.72 + 0.0o 5 for the partial specific volume of the 

parent sz,.6 species and this value is used in the present calculation. COHN AND EDSALL 0 
have, moreover, shown that  partial specific volumes of proteins may be fairly accurately 
calculated from the volumes of the constituent groups and atoms (the calculated value 
for the st4. , species is 0.70). Since the so. o species is a dissociation product of the sl,.6 
species, its amino acid content must be very similar and the error introduced by  using 
the value o.72 for the sg.o species also, will not therefore be serious. 

Diffusion coefficients have been determined by the free boundary method using 
the TISELIUS U-tube for boundary formation. An electrolytic form of compensator has 
been devised t° to move the boundary between protein and buffer solutions into the 
observation channel without disturbance. The boundary was observed over two or three 
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days and photographic recordings were made regularly. A typical set of schlieren peaks 
of a diffusing boundary (sa4. e species in phosphate buffer against phosphate buffer) is 
given in Fig. zo. 

A L B E R T Y ,  A N D E R S O N  AND W I L L I A M S  u have shown S e c o n d s  | 

that  some variation in diffusion coefficient is found if "x°5 1 the photographic recordings are reversed by inverting 0.324 
the diagonal edge, i.e. a white peak on a black back- 
ground, or if the exposme times are altered. These i 
variations arise from errors in recording and locating 0.774 

the correct plot of ~ across the boundary. To reduce • 
o.998 

them to a minimum the edge angle, the setting of 
the base line and the exposure time have been kept A 
constant throughout all the diffusion experiments. ~. x9t 

Of the various methods available for the analysis x.5x5 A 
of the schlieren curves (and therefore for the deter- 
mination of D) the statistical method has been pre- z.756 ~ak 
ferred. The calculation of the second moment (/l °) of 
the schlieren curves is a standard technique but it 2"463 A 
should be noted that/~° 2 is often determined using a 
class breadth of a finite width on a set ot continuously 
varying observations. The correction needed to over- 
come this factor was determined by  SHEPPARD (see 
e.g. WHITTAKER AnD ROBINSON TM) and it is necessary 

i 
to subtract the quanti ty ~ w 2 (w = class breadth) from 

Fig. Io. Diffusion of a boundary for- 
med between fraction I I (~  o. 65 %) 
in phosphate buffer (PH 7.88; 
I = o.io) and the same buffer. The 
figures opposite each peak denote 
the time from the formation of 

the boundary 

the second moment of the curve to obtain its correct value. Table TIT indicates the 
order of the SHEPPARD correction in some experimental curves used. 

TABLE III 
SHEPPARD CORRECTIONS IN CALCULATION OF SECOND MOMENTS 

Class breadth 
to 

(graph units) 

0.20 

0.40 

o.8o 

I 
- -  t t ~  
I2  

0.0033 

o.oi33 

0.0533 

0 
(graph units) 

L35oo 

3.0500 

5.474 ° 

Corrected by 
method of SHEPPARD 
/U0a corr. (graph units) 

x.3467 

3.0367 

5.42o7 

b. Experimental data 

The diffusion coefficient of the A= molecule was determined in a phosphate solution 
of fraction I I  at a PH near 8.o and an ionic strength of o.Io. This solution was dialysed 
for 4 ° hours against the above buffer and it is now evident from the recent work of 
JOHNSON AND JOUBERT 13 that  a small amount of dissociated material (5-IO°/o of so.o 
species) is found under these conditions. 

Re/ere,wes p. 375. 



372 P. JOHNSON, E. M. SHOOTER VOL. 5 (195o) 

It  has also been noted that  the dissociation reaction proceeds in barbiturate buffers, 
I = o.o 4 at high tM (page 365). Thus a solution of fraction I in the barbiturate buffer 

Age of 
PH solution 

(hrs) 

a. 8.89 I 

b. 8.89 z98 v , /  ~ "  

Fig. Ix. Sedimentat ion d iagrams of 
fraction I in barb i tu ra te  buffer at 
I ----- 0.0 4 - -  the prepara t ion  of the sg. o 

species 

at PH 8.89 which had an original composition iden- 
tical to the solid material, Fig. IIa,  changed gradu- 
ally over a period ot some 20o hours until it con- 
tained only ca. 15% of the parent s14.6 species 
(Fig. IIb).  

This solution was used in the present diffusion 
work to obtain a value of D for the dissociated 
molecule. Although neither of the above solutions 
contain only parent or dissociated molecules they 
represent the closest approach to stable homo- 
geneous solutions suitable for diffusion work that 
have so far been prepared. In both cases the propor- 
tion of minor component was obtained from the 
ultracentrifuge and it was thus possible from the 

weight average diffusion coefficients measured to calculate the values for the major 
components. 

The plots of the second moment (a = =/~0) against 2t and the comparisons of the 
normalised and ideal C-aussian curves for the above two solutions are given in Figs. I2 
and I3. A lower degree of accuracy is claimed for the value of D for the mainly dissociated 
material (s~0 species) because of the increased scatter of the points in Fig. r 3. This 

? 
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~6 " 3.2 4,8 2txfO ~ t ~  
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arises from the lower concentration of the solution in the barbiturate buffer, the decrease 
in the area of the diffusing schlieren peaks and the consequent uncertainly in peak 
contours. I t  must be further emphasised that  values of diffusion coefficients are derived 
from a single experiment in each case and additional values would be desirable. The 
normalised curves of the two diffusing boundaries both coincide well with the ideal 
Gaussian distribution. Such agreement cannot therefore be used as a sensitive test for 
homogeneity (see e.g. PEARSONX4). 

,.¢. 

80 

4I, 

/ 
/ 

/o 

/ 

08 ta 24 32 2tx fo  s 

a. 

,Y 
ola 

• 22300s~ r  
o 79 600 ,, 

• f4 f  fO0 ,, 

Fig. z3. a. a t v 21 for d issoc ia ted  sg. o species J [ L 
b. Idea l  a n d  no rmaUsed  d i s t r i b u t i o n s  

for s0, o species  -2.0 -tO tO 2D 
-X b. • x 

The experimental values of diffusion coefficients for the phosphate (chiefly A s 
molecules) and barbiturate (chiefly A molecules) solutions were 3.8 9 and 4.z6. zo -v cm i 
sec-L Correcting these weight average values for the presence of the minor component 
we have 

DA= = 3.89 - -  o.Io (4.z6 - -  3.89) = 3.86 cm = sec -I 

Similarly 

Da = 4.20 cm t see -1  

The values of diffusion coefficients, molecular weights, frictional and axial ratios are 
coUected in Table IV. 

I t  is evident from Table IV that  the molecular weight of the dissociated molecule 
(se0 species) is within experimental error one half the molc~dar weight of the parent 
molecule (s1~.6 species) and the dissociation equilibrium may be strictly written as 

A 2 ~ 2 A  

On the other hand the frictional ratio for the s,. o species is considerably higher than 
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TABLE IV 
P R O P E R T I E S  OF T H E  PARENT AND DISSOCIATED MOLECULE 

vol.. $ (195o) 

Property Parent molecule Dissociated molecule 

(cm I sec -1) 

s00 
(Svedberg units) 

3.86 (+  O. I O ) ' I O  - ?  

14.6 

4.20 (+ 0.20)" IO -~ 

9.0 

M 

Ilto 

a/b for prolate TM 

ellipsoid 

a/b for oblate 
ellipsoid 

assuming 
- 30% 
hydration 

3 3 0 , 0 0 0  

1 . 2 1 6  

2.6 

0.37 

180,000 

1.352 

4.6 

0 . 2 0  

for the  s14.e species. I t  is reasonable  to  assume (see e.g. ALEXANDER AND JOHNSON 16) t h a t  
t he  h y d r a t i o n  of the  p ro te in  molecules m a y  be of the  order  of 30%.  Thus,  wi th  th is  
a s sumed  va lue ,  i t  was possible,  us ing the  curves  of ONCLEY 10 based  on the  equat ions  
of PERRIN x7, to  ob ta in  the  ax ia l  ra t ios  of the  pa ren t  and  d issoc ia ted  molecules.  W i t h  
p ro l a t e  and  ob la te  e l l ipsoidal  models  the  values  of a/b for the  d issocia ted  A molecule  
are,  respect ive ly ,  a p p r o x i m a t e l y  twice and  one half  a/b for the  p a r e n t  Aa molecule.  I t  is 
no t  therefore  possible  to  choose be tween  the  models  b u t  i t  is of in te res t  t h a t  wha teve r  
the  mode l  the  A molecule  is of g rea te r  a s y m m e t r y  t han  the  paren t .  Al l  va lues  of D for 
the  A molecule  which lie in the  given expe r imen ta l  range  (4.00-4.40) lead also to  a 
g rea t e r  a s y m m e t r y  for th is  molecule.  

The  increased a s y m m e t r y  of the  d issoc ia ted  molecule  is not  sufficient, however ,  to  
give  a large dependence  of the  sed imen ta t ion  cons tan t  on concen t ra t ion  in the  range of 
concen t ra t ion  which could be s tud ied  (O.l-O.6%). The  values  of s ° for  this  molecule 
va r i ed  r a n d o m l y  abou t  the  mean  va lue  of 9.0. IO -xs. I n  add i t i on  no p ronounced  t r end  
of sed imen ta t ion  cons t an t  of the  A 2 molecule  wi th  decreas ing p ro te in  concen t ra t ion  was 
observed.  

SUMMARY 

It  has been confirmed that the globulin protein of the ground nut (Arachis hypogaea) forms 
a reversibly dissociating system in solution of the type 

the globulin occurring chiefly in the nut in the associated form. The equilibrium position and its 
rate of attainment in solution depends upon the PH, salt concentration and type of salt present, 
lowered PH tending to give more association and more rapid reaction rates and lowered salt concen- 
tration increased dissociation. High concentrations of sulphate ion are especially effective in pro- 
moting almost complete association but even in small amounts they appear to prevent dissociation. 
From sedimentation and diffusion measurements it appears that the dissociation products are of 
greater molecular asymmetry than the parent molecule. 
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R]~SUM]~ 

N o u s  a v o n s  confirm~ que  la g lobul ine  des  a r ach ides  (Arachis hypogaea) fo rme  en so lu t ion  u n  
sy s t~me  A d issoc ia t ion  r6vers ible  du  t y p e  

A s ~ 2A 

et  que  la g lobul ine  se t r o u v e  d a n s  les no ix  s u r t o u t  sous  sa  fo rme  associ6e. L a  pos i t ion  de l '6qui l ibre  
e t  sa v i tesse  d ' 6 t a b l i s s e m e n t  en  so lu t ion  d 6 p e n d e n t  du  PH, de  la concen t r a t i on  en  sels et  du t ype  
de  sels p r6sen t s ;  u n  a b a i s s e m e n t  du  PH a u g m e n t e  l ' a ssoc ia t ion  e t  la v i tesse  de r6ac t ion  e t  une  
d i m i n u t i o n  de la conce n t r a t i on  en  sels a u g m e n t e  la d issocia t ion.  Des  concen t r a t i ons  ~lev6es en ions  
su l fa tes  s t i m u l e n t  une  assoc ia t ion  ~ peu  pros  compl6 te  mais ,  m 6 m e  en faibles  quan t i t~s ,  ces ions 
e m p ~ c h e n t  la d issocia t ion.  I1 d6coule de mesu re s  de s 6 d i m e n t a t i o n  e t  de diffusion que  les p rodu i t s  
de  dissocia t ion o n t  des  mol6cules  mo i ns  s y m 6 t r i q u e s  que  la fo rme  associ~e. 

Z U S A M M E N F A S S U N G  

Es  wurde  bes t~ t ig t ,  d a s s  das  Globul in  der  E r d n u s s  (Arachis hypogaea) in LOsung ein reversibel  
d issozi ierendes  S y s t e m  y o n  der  F o r m  

A I ~-  2A 

bi lde t  u n d  dass  das  Globul in  in der  NuNs h a u p t s ~ c h l i c h  i m  assozi ie r ten  Z u s t a n d  v o r k o m m t .  Die Lage  
des  Gle ichgewichtes  in l ~ s u n g ,  u n d  die Zei t  in der  s ich dieses Gle ichgewicht  e ins te l l t  h~tngen yore  PH, 
yon  der  Sa l zkonzen t r a t i on  u n d  de r  Ar t  der  a n w e s e n d e n  Salze ab ;  n imrn t  da s  PH ab,  so n e h m e n  
Assoz ia t ion  u n d  R e a k t i o n s g e s c h w i n d i g k e i t  zu, n i m m t  die Sa l zkonzen t r a t ion  ab,  so schre i te t  die 
Dissoz ia t ion  fort .  S u l p h a t i o n e n  in h o h e n  K o n z e n t r a t i o n e n  befSrdern  die Assoz ia t ion  nahezu  voU- 
st l indig,  sche inen  aber  a u c h  in ge r ingen  M engen  die Dissoz ia t ion  zu ve rh inde rn .  Aus  Sed imen ta t i ons -  
u n d  D i f f u s i o n s m e s s u n g e n  e rg ib t  sich, da s s  die Molektile der  D i s soz i a t i onsp roduk te  a s y m e t r i s c h e r  
s ind  als  die der  assoz ie r ten  F o r m .  
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