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SUt . IMARY 

I. Fluorescence depolarisation measurements on bovine ~,-globulin in neutral 
solution )4eld rotational relaxation time~ which are much lower than expected from 
the translational dynamic properties of the molecule. Only a small further reduction 
in the relaxation time is caused by the presence of 6 M urea. 

2. With the simple dispersion, low ;to (213o A) and --b o values obtaaned from 
optical-rotation measurements over a range of wavelengths, it is suggested that non- 
polar amino acid residues may be of imt~rtance in controlling internal folding ~dthin 
the core of the molecule but that a considerable measure of internal flexibility still 
remains outside this core. 

3- The action of LiBr on bovine ~,-globulin is complex. In addition to the small 
change in optical-rotatory properties at low LiBr concentrations, an opposite trend, 
probably involving denaturation, occurs at higher LiBr concentrations. Beyond 
5 M LiBr, a considerable reduction in solubility is obs_'rved. 

INTRODUCTION 

The effects arising from the presence in protein molecules o~ loosely connected sub- 
units possessing some rotational freedom with respect to one another have been dis- 
cussed by WEBER I. In the case of fumarase, MASSEY 2 and JOHNSON Axn M.~ssEY "~ 
obtained evidence in support of such an occurrence from me&~urements of depolari- 
sation of fluorescence '.nd sedimentation velocity. More recently in a study of the 
seed globulin, legumin ~, the relaxation time computed from fluorescence 0el~;larisation 
was found to be some six times smaller than that expected (~ the basis of the trans- 
lational kinetic properties of the molecule. It  was therefore suggested that the re- 
laxation time was determined either by the rotation of sub-units, or by general 
flexibility ~dthin the molecule. A decision between th-~: ~ p.,~.,,ibiliti,~ was not then 
possible. 

Experiments car.,i.'d out ,:vet a number of years in this laboratory have indicated 
that a similar situation exists for bovine y-globulin. Thus O'rrEWILL s working on 
horse F-globulin. RICHARDS I and CHADWICK AND JOHNSON ~" working on imvine 
~,-~10bulin found, by the fluorement depolarisation method, values of the rotational 
relaxation time in the range 4-x3. xo -s sec. On the other hand, the harmonic mean 
relaxation time at 2o °. computed from the dielectric di.-IN'r~ion data of ONCLEY s 
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for the single component relaxation times has the value 45" lO-8 sec and for bovine 
y-globulin, the value calculated from translational kinetic measurements is 4 z.  IO -s sec 
(see later). ]h is  paper describes further fluorescence depoiarisation studies on bovine- 
~,-globulin not only in media of neutral pH, but also in the presence of the reagents, 
urea and lithi:_~_ bromide, which are thought to modify profoundly the internal 
structure of a protein. 

T~ a~d ;,a the interpretation of results, parallel measurements of sedimentation 
velocity and of optical rotation over a range of wavelength have also been made. 

The conclusion thus emerges that there is considerable general internal flexibility 
within the molecule of bovine-y-globt:!in. I t  also becomes apparent that  the action 
of LiBr on protein+ is of considerable complexity and is not to be interpreted merely 
as the promotion of helical structuresg, l° ] lie suggestion of BIGELOW AND GESCHWIND 
that  LiBr may cause denaturation over certain ranges of concentration is supported 
by observations reported here for 7-globulin. 

MATERIALS AND METHODS 
Bovine y-globulin 

The bovine y-globulin used was an Armour preparation (Fraction II ,  Lot  
No. DK 2172 ). 

Buffer solutions 

Buffer salts were of analytical reagent or equivalent grade and for most experi- 
ments, phosphate-NaC1 mixtures were used (pH 7.8). In such cases, an ionic strength 
ot 0.05 was contributed by phosphate according to GREE.'; 11 and NaCI was added to 
give a total ionic strength of o.I or 0.2. Urea was a May & Baker product with purity 
in excess of 99.5 % and LiBr was a B.D.H. LaboratoI 3" reagent. LiBr concentrations 
were computed from refractive index measurements, assuming data tabulated in 
International Cratical Tables (VII, p. 73). 

C 
The fluorescent dye and its reaction with the protein 

I-Dimethyl-amino-naphthalene 5-sulphonyl chloride (naphthyl dye), prepared 
as described by JOHNSON A,~i~ RXCHARDS 4, was conjugated to the protein for the 
fltlorescence depolarisation and other measurements as described by WEBER li. To 
IO volumes of the stirred protein solution in phosphate-NaCl buffer (pH 7.8), at 
t* = o.2, I volume of acetone was slowly added at I8 ~ 2 c. Then an amount of 
naphthyl dye equal to 2 % of the weight of the dissolved protein was added in the 
minimum volume: of acetone, stirring being continuously performed. After allowing 
the turbid reaction mixture to stand at 2-4 ° until clear, it was centrifuged and then 
dialysed at 2-4 ° agmnst a larger volume of l-lffer. Remaining traces of free naphthyl 
dye were removed by passing the solution thrt, c~h a Dowex-2 ion-exchange column, 
and the absence of free dye was tested for by ascend..ig chromatography is. The degree 
of labelling was determined from absorbancy measurements at  33oo A, the absorption 
maximum of the naphthyl dye, corrected for the absorption due to  the protein itself. 
The molar absorption coefficient was assumed to be 4.3" Io-~ cmSlmole 

F ~ | o w i n g  the tr~_~t~ent of Perrin, W E ~  ss has shown that  the f luor~cence  
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depolariza+ion behavi_'our of macro.m__n!~u!es behaving as r ind ellipsoids of revolution 
may  be described by  

p- + -3 = k g  + ' + (I) 

where p is the degree of polar=d.atioa of the fluorescei, t light emerging from :he ~ ... .  t,, 
at 9 °0 to the incident, unpolarized light; P0 is a constant, ¢ is the mean life-time of 
the excited state of the fluorescent conjugate and p is the harmonic mean of the 
relaxation times of the macromolecuie for rotations about the dffforent axes of the 
hypothetical ellipsoid at the temperature T and viscosity ~ of the solution. Since p 
is pro,rmrtional to ~[T, a plot of t ip versus T[~? is usually linear. From the intercept 
on the zip axis and the interpolated value, Ii'pv at any value TI/~;. the corresponding 
value Px/ar is readily calculated. Knowing the value of ~- from independent experi- 
ments, Px may  be obtained. STEINER AND McALISTER x4 have suggested a ~, value for 
the napl-thyl dye of I . I 8 - i o  -s sec which is to a good approximation independent o¢ 
the protein and nature of the solvent over a wide pH range. 

Since the relative viscosity of dilute salt and many other solutions varies little 
with temperature, for convenience I]p has been plotted against T/To, where ~0 is 
the viscosity of water at temperature T. T1-,e relaxation times so obtained are corrected 
to the viscosity of water by dividing by  the relative viscosity of the solvent at that  
temperatureL 

The apparatus used to excite the fluorescence and to measure its degree of polari- 
sation has been described in detaiP s. To confirm that  it was working satisfactorily, 
the relaxation time for bovine serum albumin (Armour), labelled with the naphthyl 
dye, in phosphate-NaCl  buffer (pH 7.8) at  # = o.2 was determined from a plot 
of I[p versus T/: i. The plot was linear and 3~elded a P°t0 value of 11.5-1o -8 sec in 
reasonable agreement with that  (i2.1. lO 4 sec) of WEBE~ ~ whe,t the same T value 
is assumed and with other estimates from this laboratory 16. 

Optical rotation 

Optical rotation measurements were carried out at 2o ! I ° on a Rudolph 
Photoelectrical Polarimeter equipped with an oscillating polarizer. A Xenon arc was 
used ~i th  a Beckman Monochromator to provide illumination over the wavelength 
range 35oo-70oo A. Values of the specific rotation for the sodium D line ([~]D) quoted 
here have been corrected to the refractive index of water at  zo ° (riD,w) by the 
equation 

/~ , to  +2 

where ttv,w is the refractive index of the solvent. Except at the bigher LiBr concen- 
trations, protein solutions con~ ained approx, x g protein/xoo nd and were centrifuged 
at zoooo rev./min before use m the z-din polarimeter tubes provided with quartz 
end plates. 

S d i ~  
A Sp/nco Model E Analytical instrument, equipped with diagonal schlieren optics 

and phase plate was used. Rotor temperature was read throughout the experiments. 
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RESULTS 

Sedim~.n~ion measurements 

Ultracentrifuge examination showed tha t  so!utions of y-globulin at  i 4 - i 8  ° in 
phospha te -NaCl  buffers (pH 7.8) (Fig. Ia) contained one well-defined main boundary. 
with 5 - I 5  % of more rapidly sedimenting material  with s2o, w ~ Io  S. A similar 
sedimentation pat tern  was also obtained at 4 ° On conjugating with the naphthy!  
dye to the extent  showJa in Table I, a small increase in the proportion of the zo-S 
material  was noted (up to zo %) but  sedimentation coefficients were not affected 
(Fig. 2). The least squares line for the main component  of unconiugated bovine 
y-globulin is given by  

s2o,n, (Svedberg units) = 7.00 ( 4- 0.06) - -  o.18 ( ~o.o7)c ( 3 )  

where c is measured in g / Ioo  ml. In addit ion to the above results, Fig. 2 contains 
sedimentat ior  data  for y-globulin which was exposed for long periods ( >  5 h) to 
various concentrations of LiBr (0. 9 M, 3 M, 6.9. M) before removal of LiBr by  thorough 
dialysis against several large volumes of o.15 M saline. I t  is to  be noted that ,  for 
LiBr concentrat ions up to 3 M, little or no precipitation of protein occurred and 
tba t  the corrected sedimentation constants for the recovered material  in saline fall 
well upon the control regression line. The sedimentat ion pat tern  (Fig. x b) also re- 
sembled that  ot the control protein, though the amount  of Io-S material  was somewhat  

(o) •• i c°nt'°~ 

A 

Fig. I. Sedimentation paterns for bovine 
y-globulin at 52640 rev./min at approx. I4 °. 
(a) Control in phoaphate-lqaCl buffer at/~ =o. t  
(pH 7.8). Protein conomtration Lz 4 g/soo mL 
(b) Recovered from o .gM LiEIr in o . t 5 4 M  
Nat l .  Protein coaceutration 0.88 gltoo ml. 
(c) Recovered from 6.2 M LiBr in o .154M 
NaO. Protein concentration 0.96 g l too  ml. 
Times in minutes given ~ each curve. 

7 2 ~ -  T (b) 

o ~ ~ 9.4L_.__ J.___ _L _ _ ~  . 

6,6[ . . . . .  .I- . . . .  -J . . . . . . .  ~ . . . . . . . . . . .  
0 C4 0 8  "2  

gtlOOrt~t 

r ig.  2. Plots of corrected ~-dimentation co- 
eaicient (s_.,.) against total protein concen- 
t.-ation to~ -rain (a) and to-S (b) components. 
~ -- .~. Control },-globulin ; + -- +, ¢onlugated 
},-globulin; A -  A, },-globulin re~oven'd irom 
o.q M IJl~r; .t~ - A ,  conjugatt~l },-globulin rt-- 
covered from 3 M I.iBr: 0 - 0 .  ;,-globulin 

rocovcrt~l from t,.: M l.iBr. 



2 2 2  F .  H .  C H O W D H U R Y ,  P.  J O I I N S O N  

variable. In this connection it was of interest that when the ~dimentation was studied 
in o. 9 M LiBr, the proportion of IO-S material appeared much reduced. Although the 
sedimenta*ion constants for the Io-S component were not as accurate as for the main 
~pe~ie~, a plot of its s~. w against total protein concentration (Fig. zb) indicated that 
conjugation and exposure to high LiBr concentration did not mod.Zf . . . .  --ec' ,t'h" 
its sedimentation behaviour. 

TABLE I 
TIlE EFFECT OF DEGREE OF LABELLING ON DEPOLARISATION PARAMETERS 

Degree or labelling 
(molts~molt) p,(:_ o.oz) o."~, :< ro* (~  o.M 

3.6o 0.267 S.O 
3..9o o.27~ 8.2 
4 .22 0.274 7.9 
4.3 0 o.2o,~ 7.55 
5.30 o, 2,"-o q-3 
0.5 2 o . 2 7 5  8.5 

On the other hand during exposure to 6.2 M LiBr, approx. 65 % of the protein 
was lost by  precipitation and the sedimentation pattern in o.z54 M saline of the re- 
maining soluble material (Fig. x c) was vet T different from the control. Approximately" 
one sixth sedimented slightly more slowly than the control material at the same 
concentration (6. 7 instead of 7.0 S), the remaining material being much more rapidly 
sedimenting but so polydisperse as to give rise to no well-defined boundary. 

Depolarisation measurements 

Fig. 3 shows a plot of I /p  versus T/) t for a naphthyl coniugate of bovine ),-globulin 
in phosphate-NaCl buffer (pH 7.8) ~ = o.2. The plot is linear within experimental 
error for the range 00-5o ° and )ields ap0 value of o.27 ~ o.oL Taking r to be z. x8. !o -s 
(see ref. x4), the relaxation time in we.ter at ~.o °, p°~, is calculated to be 8.6. IO -~ sec, 
with an estimated error of i o.5. z o - L  

Variation in the degree of labelling over a two-fold range (Table I) did not within 
experimental error modify the linearitv of the I /p  versus T/~ t plots or the P0 and 
P°w values. However, with o.I54 M NaC1 as solvent in place of the phosphate buffer, 
whilst the I/p versus T[~ plot remained linear (Fig. 6) and ])0 was unaltered, the 
relaxation time at 2o ° became I1. 3. lO-8 sec. It  seems clear tLat specific buffer so l~n t  
or pH effects on the relaxation time may occur, but in this work they were not ex- 
plored further. 

The possible occt~rrence of irreversible temperature effects (as for the seed 
globulin, legumin 4,Is) was investigated for y-globulin as indicated in Fig. 4. After 
performing p measurements over the range 20 ° --~ 5o °, the conjugate in phosphate - 
NaCI buffer was heated at 55 ° for 4 h and the measurements were then made on 
cooling from 5o°--~ 2o °. A final p series was taken with increasing temperature. 
Clearly the x/p versus T/r 1 plot is displaced up~.rds  by the heating at 55 ~, giving 
Pe--'-- o.z35 and a P°n  value of 9-9" Io-*. On the other hand from the linearity over 
the main part of the plots and good agreement of the measurements (for most of the 
temperature interval) taken with ascending and descending temperature, it seems 
that exposure to temperatures below 5o ° has little or no effect. 

B i ~ i ~ .  B~ph~s Aaa t~ :lc~$h 21&-z.28 
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The effezt o1 urea 
Varying amounts of solid urea were added to solutions of the naphthyl  ?.globulin 

c o n j u g a t e  in  t h e  p h o s p h a t e - N a C l  buf fe r ,  w h i c h  we re  t h e n  m a d e  u p  t o  s t a n d a r d  
v o l u m e  a n d  t h e r m o s t a t t e d  a t  2o °. E v e n  a t  6 M u rea ,  n o  s i g n i f i c a n t  c h a n g e  w i t h  t i m e  

in  t h e  p v a l u e  a t  2o ~ w as  o b s e r v e d  on  s t a n d i n g  for  5 h.  Fig.  5 s h o w s  i / p  versus  T/~ 
p lo t s  io r  s eve ra l  m e a  c o n c e n t r a t i o n s ,  a n d  T a b l e  I I  c o n t a i n s  P0 d a t a  a n d  c o r r e c t e d  

r e l a x a t i o n  t i m e s ,  p°=.  L i t t l e  or  n o  c h a n g e  in t h e  P°~0 v a l u e s  ~ S t h  u r e a  c o n c e n t r a t i o n  

occu r s  u p  to  2 M u r e a  b u t  a s ign i f i can t  l o w e r i n g  is o b s e r v e d  a t  6 M. O n  t h e  o t h e r  h a n d ,  

Po f lecreases  t h r o u g h o u t  t h e  r ange .  

/ 
// 

2o 3o  o.c 
I I I 

0 2 4 4 6 8 
T/~/oxlO" 

Fig. 3. I~lot of l ip versus T/~I ° for naphthyl  
conjugate of bovine ;,-globulin in phospha te -  

NaCI buffer at  t* = o.2 (pH 7.8). 

V 

[ l 
0 2 4 

T~OxlO -4 

Fig. 4. Plots of I /p v e r s u s  T / T I  ° for naphthyl 
bovine 7-globulin m phosphate-NaCI buffer 
during the following successive stages of 
heating and cooling: O - - O ,  2o ° ~ 5  o°; 
O- -L] .  5o --* 2o ° after heating at  55 ~ for 4 h; 

A - - L ,  2o ° - -*  5 °0 • 

TABLE II 

THE EFFECT OF UREA AND L i B r  oN  DEPOLARISATION PARAMETERS 

Rcagent 31o/a~//y po(+ 0.005) ¢0=~ ~' t o ' ( ±  0.5)* 

Urea o 0.283 9.o 
x 0.253 8.,, 
2 o.z5o 8.45 
O 0.235 6.80 

LiBr o 0.278 I I. 3 
0.278 12. 4 

3 0.278 I3. 7 
5 0.308 0.3 

"Values of relaxation t ime have been corrected by disid/ng by the relative vL~cosity of the 
solvent. 

The effect of lithium bromide 
To avoid the precipitation occurring when LiBr is added to phosphate buffer 

s3~stems, conjugation of the ?-globulin was performed in o.x54 M NaCi solution to 

BiocJiim. Bioplys. Aaa .  66 ( t ~ $ )  ==~z=~ 
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which NaOH had been added to give pH 9- zo  M LiBr ~)iution in distilled ~ater  was 
added to give the desired LiBr concentration. As alreacv mentioned, at LiBr concen- 
trations greater than 3 M, an increasing proportion of protein was precipitated with 
increasing LiBr concentration, (about 65 % at  6.2 M LiBr), and some further pre- 
cipitation occurred when the LiBr was removed by dialysis ~a ; :  .' ~ ~ . . . .  ?l. 

7 

[ ~ / ~ /  3 2 M  ,. 

0 2 4 6 

Fig. 5- Plots of z ip  versus TI~ I- for naphthyl 
bovine 7-globulin in phosphate-NaCI buffer 
containing various urea concentrations: z, 

None; -% -' M; 3, z M ; 4 , 6 M .  

1 
$ 

7 i Solvent ] 
i 1 0154 M NaO 

• 1 
] 2 1M L i B r  / ~ l  

61 3 3 M  j ~  

I //_/" 

' % ~ go*c 

31 | , i n I i 
0 2 4 6 

TI,r/ox 10 -4 

Fig. O. P l o t t e r  x / p  v e r s u s  T / r l  ~ for naph thy l  bovi-  
ne T-globulin in o z 54 M NaCI solution conta in ing  
various LiBr  concent ra t ions ;  L None;  -,, z M; 

3~ 3 M ; 4 ,  5M.  

At 2o% p values remained constant for 5 h with LiBr conceptrations up to 5 M. 
A; ,art from the data at 3 M LiBr, the z/p versus T/: 1 plots (Fig. 0) are linear, al~d 
derived/50 and P°2o valucs arc W e n  in Table II.  As tile LiBr concentration increases, 
P%0 increases significantly but above 3 ,M, lower values are obtained and, in 5 M 
LiBr, the relaxation time observed is very comparable with that for 6 M urea. How- 
ever the latter results apply only to the fraction of 7-globulin remaining in solution. 

Optical rotation measurement~ 

Solid y-globulin was dissolved in the appropriate LiBr solution, and after ex- 
haustive dialysis against a large volume of the same LiBr solution, the protein 
concentration was determined in a Zeiss interferorneter assmning a dn[dc of o.ooz9z 
(n = refractive index, c = concentration in g/zoo ml). Numerical data are collected 
in Table I I I  and the variation el [=I, the specific rotation ~i th wavelength (2) ts 
shown (Fig. 7) as a plot of [=22 = versus [=] (see ref. 17). 

At low concentrations of LiBr ( <  3 M), --[=;D 20 decreases significantly with 
increasing LiBr concentration but at higher concentrations, an opposite trend of 
larger magnitude occurs. A similar parallel change in ,ela.xation time gSth LiBr 
concentration has been described above. The good linear plots of Lr~i~ ;.¢rsus [=] fo, 
the differing LiBr concentrztion are in accordance with Drudes single term equation, 

k 
r~] .-_ ~ (41 
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and  from the slopes, the  2e values of Table  I I I  were obtained.  W i t h  increasing concen- 
t r a t ion  o* L ;~ -  +~'- ..1.+~ ,~, r-~ : t  ,,~,~,,¢ r~3 ~ , ,  =¢ fi,~, di~plncpd downward  bu t  th is  
t r end  is more than  reversed a t  4 M LiBr.  S imi lar ly  2e f i~ t  b}cre;.oes bu t  l a te r  decreases 
wi th  increasing LiBr  concentrat ion.  

In  t rea t ing  the i r  results  on/3-1actoglobulin. TA.~'FORI) a al.  m used MOFFITr Am) 

YASG'S ~ equat ion.  
3 Mo  ao-2o ~ bo',~o 4 

[':213 n~ + 2 xoo  E~'] ~a_ae~ ~ (2~- -~0~)  2 (5) 

where [m I] is the average ro ta t ion  per  pept ide  uni t  of molecular  weight,  M o, in vacuo 
at  wavelength  2; n is the  refract ive index of the  solvent ,  a o, b o, and ~0 being ad jus t ab le  
parameters .  Using ]a -~ 212o A, b o values were ca lcula ted  to  be - - 7  ° ( +  2o) and  were 
not  affected b y  p H  changes and  dena tura t ion .  This  low magn i tude  was t aken  to  
indicate  the  occurrence e i ther  of no ,,-helical regions in the  pro te in  or equal  amoun t s  
of riglat and  left  hand  helices. Apply ing  the  same type  of analysis  to  the  bovine  
y-globulin results,  b 0 values of even smaller  magnffude (o > b o > - -  50) weje  ob -~ 
ta ined  and  similar  conclusions would seem to apply .  

TABLE III  

OPTICAL ROTATION DATA FOR BOVINE-V-GLOBULIN IN LiBr SOLUTIONS AT 2 0  ° 

{--be) Molatity o/ LiBr --[ot]~ (5= 0.5) ae(.4) (1~.  5) 

[O. 154 NaCll 
i No LiBr j 46.3 213o 20 

I 42.o 
3 38.9 z3vo 30 
4 6 5 . 1 5  2170 0 
5 78.4 

29 

3 

25 

0 
x ,,,,< 21 

I 
! ~ _ I J 13 | 

~]  x ~O "~ 

Fit. 7- Plots  of r=~2' ~rsm ;=] for bovine ~-glotmlm at  zo ° in solutions c o e t a J ~ q  r, o.154 M 
N&CI; 2, 3M ~; 3, 4M LiI~. 

B / ~ / m .  B ~ s .  Aaa.  60 0965) 2:S-z~S 
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DISCUSSION 

o n  the basis of the foiiowmg physico-chemical data:  sw,~ = 7.0 S; D~o ---- 4 .z - Io  -T 
( see  ref. zo); ,5 = o.72o (see ref. 2z); [-'/~ = o-c-67", (see ref. 22), we calculate the 
rotational relaxation time of the y-globulin molecule in watei at . . . . .  ~c ,~ ~.,x. 
4z.xo -s sec (see ref. 6). The low value of the relaxation time measured by the de- 
polarisation method a.s compared with the above calculated value and its variability 
with type of neutral solvent and mild heating, suggest that even in the native state 
the bovine ~,-globulin molecule possesses either considerable internal flexibility or 
possibly several sub-units capable of rotation with respect to one another. 

Optical rotation measurements aid in further interpreting these results. Thus 
whilst the [aid value of --46.5 ° is normal for an undenatured protein molecule, the 
more decisive property, ge, has ~ value 213o A (in good agreement with other measure- 
ments u) which is usuallyaccepted as indicative of a denatured or disordered structure. 
The linearity of the [a]), 2 versus ~a~ plots, or the adherence to a single term Drude 
equation is also in conformity with this picture. 

JIRGENSONS 23 has drawn attention to the occurrence of a group of proteins 
with laiD values falling within the normal range for native globular proteins but 
whose 2c values are more indicative of the denatured state. Several of these proteins 
possess various forms of biological activity and it would therefore be unlikely in 
general that  this behaviour arises from the occurrence of a highly disordered internal 
structure. Rather  it is to be expected that  the iolding ot the polypeptide chain is 
determined by  forces other than those (particularly h:,'drogcn bonds) operating in 
the more typical cases. PERLMANN "t4 has drawn attention to the possible role of 
non-polar side chains and proline in the case of pepsin, and TAXFORI) eta/. is, in a study 
of ~-lactoglobulin, have suggested that the internal structure is determined largely 
by the hydrophobic interactions of the non-polar side chains. Similar ccmsiderations 
may well apply to bovine ~,oglobulin, but to conform with t~e measurements of 
rotational relaxation time, it seems necessary also to postulate a considerable degree 
of internal flexibility within the molecule. Some form of tight close-packing of hydro- 
phobic side-chains in the core of the molecule with a more flexible, less ordered confor- 
mation outside is ens-isaged. The alternative explanation of the relaxation results 
in terr~-,s of discrete, tightly-knit sub-units capable of rotation ~Sth respect to one 
a n o t h e r  seems unlikely, since this type of structure would be expected to give optical 
rotation behaviour of the more normal protein type. The occurrence of sub~:nits 
possessing internal flexibility is not, however, exci,~ded. The rather small effect of 
6 M urea on the relaxation time (reduction of 25 %) as compared with the case of 
t h e  seed #obulin,  legumin*, ts is also suggestive of an initi?A structure which is either 
partially disorganized or stabil~ed by means other than hydrogen bonds. The special 
biological role of F-globulin may  well be dependent upon the occurrence of flexibility 
within the molecule. 

I t  i s  o f  s o m e  i n t e r e s t  that  fluorescence depolarisation measurements on conjugates 
of bovine y - g l o b ~ n  with a p~a, ene derivative ~'ieided the significantly higher r~- 
laxation t ime of approx. 30-xo 4 sec (see ref. 7). Though this also is significant!3 

*The  ~rl~ value nse~! is a mean value for humae  ;,-globulin fractions. No value for b o ~ n e  
~ g l o b u l i ~  ~ sv*-ilffilde ~.~: uae u ~ e r t a t n t y  i n ~ i v e d  does not detract trom the conclusion drawn 
that the  ~'~alculated re laxat i -~  t ime m much greater than that obtaint~  from drpolarisation s tu~e~.  
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smaller than the theoretical value ca!culated for the rotation of a rigid molecule with 
the translational properties given a-hove. it cl*< fppm ?h?t ?b_- __i___._ .,. _.__ . . . . _...- P .0vt6ant nf ?h” ;nt!=??V?i 

flexibility may be modified by the presence of adsorbed molecules. 
,If the native structure of the y-globulin is indeed disordered. it might be expected 

that considerable changes in measured physico-chemical proprties would occur in 
the presence of agents which promote the farm&ion of hydrogen bonds’. The increase 
in rotational relaxation time arid in AC, the fall in - [a]D%O and the displacement of 
the [a]l2zjerstls [a] plot with LiBr content at 1~6~ concentrations, may indicate some 
tendency towards a more ordered and less flexible internal configuration. Such changes 
are simiial iI1 directivfi to those parted by HARRISGTON AND SCHELLMAP’ for clupeiy 
and osidized ribonuclease in LiBr solutions, but their extent is much more limited. 
Little i* any change in h, occurs. 

;\t higher LiBr concentrations, the trends in relaxation time, in 1,. and .- [a]D 
with LiBr concentration are reversed and at 4-5 M LiBr, [a], and A, have values 
usually associated with the denatured state, with b, indistinguishable from zero. 
The overall variation of [a]D with LiBr concentrations is similar to that for ribo- 
nuclease9JO up to approx. 5 M LiBr. but the final fall in - [a]D for ribonuclease at 
higher LiBr concentrations could not be observed for bovine y-globulin since a large 
proportion of the protein had precipitated at this stage. Since a “fractionation” 
of the y-globulin system may well have occurred thus, the results at higher LiBr 
concentrations are strictly not comparable with those at lower concentration where 
the protein is completely soluble. These findings support .he view of BIGELOW AND 
GESCHWINI~O that LiBr has a ng effect on prot6ins at higher concentrations, 
which is to be consifiered alo y other changes which may occur. 

The mechanism by which LiBr causes denaturation is of considerable interest. 
Since y-globulin contains a sig,,ificant proportion of amino acid residues with non- 
polar side chains, the considerable solubility of the molecule under normal conditions 
probably depends on the efficient internal packing of such side chains away from the 
solvent. Whatever the mechanism by which LiBr acts upon a protein, there is general 
agreement that its action is to modifv profoundly the structure and it seems likely 
that this involves disturbance of the-internal packing of non polar side chains, ex- 
pobing them to the polar solvent and thus causing insolubility. The fact that precipi- 
tation occurs over a range of LiBr concentrations is in conformity with the range of 
properties usua.llyasqia&l~th y-globulin. In particular, the material remaining in 
solution at the higher LiBr concentrations must possess a highly stable internal struc- 
ture to resist the denaturation process, though it is of note that its - [a]D value has 
iilcrehh;l &%cantly. On the other k _.ld its A,, and b, values are unchanged from 
thoseofthe1~~tivey-globulinmoleolleandcharacteristic of a random type of structure. 
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from the Xuffield Foundation to one of us iF.H.C.). We are also grateful to 
Ilr. E. G. RICHARDS for advice on experimental matters, to Mr. N. BUTTRESS for 
the careful performance of ultracentrifuge work, and to the Department of Organic 
Chemistry, University of Cambridge, for access to their photoelectric polarimeter. 
--- 

* N%II this work was substsntidly complete. strag evidence against such ahon by Lifk 
was reported’*.=. 
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