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THE APPLICATION OF GAMMA-RAY ANGULAR - CORRELATIONS
TO THE STUDY OF BIOLOGICAL MACROMOLECULES IN SOLUTION

When two y rays that are emitted Successiﬁely in nuclear de—excitation
are detected in coincidence, the coincidence counting rate,nw(e), may depend

strongly on the angle 6 between their directions of propagation.. For the

111 11

17352h7 keV Y-ray caseade in Cd following the decay of lIn, shown inz

Fig. 1, W(8) is given byl:

(1 + AP, (cos 8)] , (1)

1l -t/t
W(6)=jr-e / -Fo

~where P, is;the Legehdre polynomial (3cos26 -1)/2, = 'is the mean life-

2

time of the intermediate nuclear statez, t 1is the time interval between'

emission of the two y rays, and the coefficient A2 = -0.20.

The angular'correlation of the 17342h7-keV Y'ray_cascade in lllCd

can be perturbed by the interaction of the nuclear moments in the intermediate
state with fluctuating external fields. In this case, the coefficient of P2

can be conveniently written as A2G2(t) where G, .(t) 1is an attenuation

2
coefficient. A study of the-perturbed angular correlation of y radiation

can then provide a measure of the nuclear relaxation time and thereby'yield
the rotational correlatien pime, Tc, of a molecule to which the radioactive
nucleus is bound..”AlthoughAangular correlations have been employed for some

time to study nuclear properties3

, and have more recently been applied to
studies of the properties of solids", angular correlations have not previously

been applied to the study'of macromolecules in solution.
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In this nofe we report the observation of effects of molecular con-
formation on the angular correlation paftern of.y rays fqlloﬁing the decay of"
lllIn when this isotope is bound.tobindingsitesiof bioclogical macromdlecules
in solution. The use of a radioactive nucleus as a '"rotational tracer' to
label biomolecules offers the possibility of obtaining the information
available from other labelling techniquess;7 with the sensitivity, instru-
‘mental simplicity and in-vivo applicability of radioactive tracer techniques.

Cadmium metal (12.75% 1llcd) was irradiated with lQ—MeV protons in.

g 11l by the (p,n) reac-

the Berkeley 88—inch,cyclotron, producing 2.8-day
tion; After'chemical separation from the Cd target, the lllIn was added as
In+3 to aquedﬁs solutions coﬁtaining bovine séfum albumin (BSA) or polyglu-
tgmic acid (PGA). 1In these experiments'commercially—available BSAv(Mann
Research Labs, twice crystallized) and PGA (DP530, PilotvChemical Co.) were
used witﬁout fﬁrther purification. The angular.correlafion méasurements were
made with a b-detector délayed—coincidence spectrometer? using 0.2 cc liquid
samples.v | |

11

For the unperturbed angular-correlation of the lCd cascade following

111

In decay, the coefficient A2G2(t) ‘should be independent of the delay time

t  and equal to -0.20. Figure 2 is a plot of the anisotropy,

A(t) = 1 - w(180)/Ww(90) = 0.30 G.(t) vs t for this cascade following the

+
lllIn3

2

decay of ion in the presence of BSA at pH 5.7. The angular correla-

" tion is Strgngly perturbed. When the pH of this solution is reduced to 2.8,

A(t) approaches more closely the unperturbed behavior that is observed fol-
. - L + o , ' '

lowing the decay of In3 ion in solution!. Since BSA undergoes a

conformational transition between pH 5.7 and 2.810, the changes in the angular
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correlation may reflect changes in_the effeCtivé rotational correlation time
at the binding site(s) of’lllIn, or they may simply reflect a change in the
effective binding constaat. At pH 5.7 the protein méy be more rigid, giving

a larger value for Tc, and a larger perturbation in the angular correlation.

The particular time dependence found for Gg(t) in this case is very similar

‘to that observed in solids!l. We note that only time-independent (quadrupole)

" interactions are involved for this (pH 5.7) sample. Although T, is also

sensitive to the macroscopic viscosity, the viscosities of these solutions at

pH 5.7 and 2.8 measured with an Ostwald viscometer at 21.5°C are respectively

1 1.04%t0.02 and 1.10%*0.02 C.P. These values are nearly equal, and both are too

small to affect G2' significantlyll.
A comparison of the plots of A(t) obtained with the BSA solution
at pH 5.7, and a similar solution with 8M urea added is shown in Fig. 3. The

effect of adding 8M urea is large, and in the direction expected for denatura-

- tion of the molecule leading to shorter effective values for Tc,

and thus smaller perturbations of the angulér correlation times.

In this case the viscosity of the urea solution is 1.38%0.06 C.P. The effect

_of bulk viscosity alone should be small, quite different, and opposite to the

direction of the observed'changes.

Since the y.ray cascade observed in the daughter 111Cd nuclei follows

111

~electron capture decay of In on thebinding sites,rthé possibility that

aftereffects following decay might lead to detachment of Cd atoms from these

éites is a major concern. To avoid detachment, the Cd2+ ions have to

achieve a stable chemical configuration during the lifetime® of the 419-keV
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111

+
‘state of ca (T W3y 2

= 1.2XlO-lO,sec). The displacement of y Hg

lllIn3+

1/2

and the cbmpetitive complexing of

by EDTA, dialysis of the BSA-In>"

solutions, andvanalogous qualitative experiments with PGA suggest that the
radioactive isotope indeed binds to the macroﬁolecules and reflects the
effective molecular rotétional correlation time at the binding site.
»Thevradioactive-rotational label technique shares a number of
general féatures with other_labeling techniques. Information on localized
behavior of the maéromolecule near the labeling site is usuallyvavailable.
The labels can be incorporated into interesting'fegions of macromolecules
using selective chemical methods. Labels can be.boﬁnd chemiéally to Sﬁbstfatebf
or inhibit5r molecules which.subsequently interact with ﬁigﬁ specificity at
active regions of enzymes or antibodies!2->13. On the other hand, fhere is
always ﬁncértainty as to how much the label affects the system being observed.
The éompelling factof in developing this application is the extremely-high sen-
sitivity - of angular correlations. In these experiments only lOlO nuclei

11 . S . '
of lIn were used in each sample. The angular correlation method should

find considerable further application to studies of biological macromolecules.
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FIGURE CAPTIONS

5 1 | |
1. The 173-247 keV y-ray cascade in 1 lCd following the electron capture

decay of lllIn (data_from Ref. 8). ,
2. Plot of the anisotropy A(t) as a functioﬁ 6f'delay time for a l.LXlO-h M
aqueous.BSA solution at pH 5.7 (0) and pH 2.8 (®). The error bars indicate
the statistical countiné error. The unqertainty_in_theltime scale is about 1%.
3. Plot of the anisbtrOpy A(t) as a function of delay time, t, for a
l.hxlo'h M aqueous BSA solution at pH 5.7 With_no urea, (0) and in the

presence of 8M urea (®). The dashed line shows the behavior of A(t) as

a function of t for an aqueous solution of InCl3.
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