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Temperature Dependence of Positron Lifetimes in 
Carbonic Anhydrase 

Sir: 

There are numerous reviews dealing with positron annihi
lation in matter,' yet biochemical applications are still in their 
early stages. The technique was applied to optical isomers2 and 
amino acids3 but positron annihilation in proteins was reported 
only recently.4 Here we present preliminary results for the 
temperature dependence of the lifetime and intensity param
eters in carbonic anhydrase and attempt to correlate the 
variation of free volume and the changes in conformation of 
this enzyme. 

The sample was prepared by mixing 2.0 g of chromato-
graphically pure bovine carbonic anhydrase (carbonate 
dehydratase, EC 4.2.1.1)5 with 4.0 g of deionized distilled 
water and placing the homogeneous mixture into a glass sphere 
(22 mm i.d.; 1-mrn wall thickness). The source was prepared 
by enclosing 15 /uCi of carrier-free 22Na (as aqueous NaCl) 
in a sealed thin-walled glass bead (1 mm o.d.; <0.1 mm wall 
thickness).6 The bead was positioned at the center of the glass 
sphere containing the sample. The system was degassed and 
sealed under vacuum (10 - 5 Torr) and it was immersed in a 
jacketed cell connected to a circulating thermostat. Positron 
lifetimes were measured with a standard fast-slow coincidence 
system7 utilizing constant fraction timing and Naton 136 
scintillators (3.8 cm diameter; 1.3 cm thickness) mounted to 
RCA 8575 photomultipliers with a time resolution of 0.2 ns. 
The geometry of the system and the sample thickness (200 
mg/cm2) were chosen to optimize the solid angle between the 
source and detectors. The time spectra were analyzed on an 
IBM 360/50 computer using a computational method devel
oped by Cumming.8 

Positron annihilation intensities and lifetimes were measured 
over a temperature range —20 to 50°. The lifetime spectra 
could be resolved into two components. In all cases the lifetime 
(r i ) of the short-lived component remained constant within 
experimental uncertainties. The temperature dependence of 
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Figure 1. Temperature dependence of the lifetime of the long-lived com
ponent of positron annihilation in carbonic anhydrase. 
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Figure 2. Temperature dependence of the intensity of the long-lived 
component of positron annihilation in carbonic anhydrase. 

the lifetime (T2) and the intensity (/2) of the long-lived com
ponent is shown in Figures 1 and 2. The lifetime T2 increases 
moderately between —20 and 40° and then rises steeply to 50°. 
The intensity /2 decreases slightly from 27 ± 1 to 23 ± 1% in 
the temperature range —20 to 50°. Within experimental 
uncertainties the product I2T2 (Figure 3) is constant over the 
temperature range —20 to 30°. Above this temperature rapid 
increase of I2T2 is observed. Over the temperature range 0-50° 
the activity of carbonic anhydrase increases steadily9 (Figure 
4). 

Changes in activity are associated with conformational 
changes of the molecule. At the present time, the nature of 
these changes is not well understood.10 Qualitative evaluation 
of our data in terms of the free volume model' ' allows for the 
following speculative interpretation of /2 and 72- Since pick-off 
annihilations are associated only with the long-lived compo
nent, the /2 values represent the number of free volume sites 
where pick-off annihilations occur.12 The decrease in the 
number of free volume sites at higher temperatures is inter
preted as the redistribution and collection of free volumes into 
a system compatible with the new conformation at the elevated 
temperature. Increasing T2 values may correspond to an in
crease of the average size of the free volume sites which is a 
further indication of the collection of free volumes. In carbonic 
anhydrase the total free volume, I2T2 (Figure 3) increases with 
increasing temperature in the range of 30-50°. These findings, 
when correlated with enzyme activity measurements, indicate 
that the increase in activity involves conformational changes 
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Figure 3. The intensity-lifetime product as function of temperature for 
the long-lived component of positron annihilation in carbonic anhydrase. 
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Figure 4. The relative esterase activity of carbonic anhydrase at various 
temperatures using p-nitrophenyl acetate as substrate. The measurements 
were made using the stopped-flow technique. The reaction mixture con
tained bovine carbonic anhydrase, 1.0 X 1O-4 M; p-nitrophenyl acetate, 
2.0 X 10~4 M; Tris-HCl, pH 8.0, 0.009 M; at ionic strength, 0.09 M 
(NaCl). 
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(6) The positron annihilation in the source holder was negligible. Our data in 
Figures 1 and 2 show a small effect near 0° which might be attributed to 
residual bulk water. The overall temperature effect, however, is quite dif
ferent from that observed in bulk water. Studies of bulk water have been 
discussed in ref 1b. 
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see J. C. Kernohan, Adv. Exp. Med. Biol., 28, 189 (1972)). Prolonged in
cubation at 40° and at higher temperatures produces inactivation. In the 
irreversibly denatured protein T2 and / 2 T 2 remained high even after returning 
to lower temperatures. 

(10) Interactions with water are essential for conformational stability. Under 
conditions of our experiments protein concentrations are probably too high 
to allow direct comparison with thermal unfolding in dilute carbonic an
hydrase solutions. However, experimental studies of the protein-water 
system are possible if the results are compared to a reproducible standard 
such as biological activity. The effect of protein concentration on T2 and 
I2 is under investigation in our laboratory. 
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(12) The average lifetime of the o-Ps is reduced by various interactions with 
the substrate. Our l ifetime measurements indicate pick-off annihilation 
to be the major process. In pick-off annihilation the positron is removed 
from the o-Ps under the influence of the electron cloud of the surrounding 
and undergoes free annihilation. In the free volume model T2 is related to 
the size of the cavities in which the o-Ps atoms are confined, and I2 rep
resents the number of o-Ps atoms which are formed and subsequently 
quenched at these sites. In our discussion, I2 depends primarily on the 
number of free volume sites associated with the temperature dependent 
structural characteristics of the protein. The concept is being further tested 
in our laboratory. 

(13) See R. Lumry and S. Rosenberg, "Proceedings of the Conference on Water 
at Roscoff, France", A. Alfsen and A. Berteaud, Ed., French National Re
search Center, Paris, France (in press); accordingly in folded proteins there 
are poorly H-bonded regions called defects providing a reservoir for po
tential energy. Some defects will be mobile due to the easy translocation 
of defect situations linked to conformation. 
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in which free volume regions rearrange or combine.13 Thermal 
denaturation may be associated with the overall expansion of 
the molecule.9 It appears to us that over a certain temperature 
range the positron is a selective probe of protein conformation. 
Further work is in progress to expand this correlation into a 
quantitative model by studying the effect of temperature, in
hibitor binding, concentration, and pH on the positron anni
hilation parameters in a variety of polypeptides and proteins 
of well-defined conformation. 
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A Comparison of Translational Energies Released 
during Metastable Decomposition Following Electron 
Impact and Field Ionization. A Test of the QET 
Model and Mechanistic Probe 

Sir: 

We report here the first comparison between translational 
(kinetic) energies released during the decomposition of met
astable ions formed by electron impact at 70 eV (EI) and field 
ionization (FI). We suggest that this is important for the fol
lowing two reasons. The central tenet of the quasi-equilibrium 
theory (QET) is that of energy equilibration.1 Failure to ran
domize vibrational energy2 and/or nonrecognition of isolated 
electronic states3 would complicate or undermine the QET 
approach. Rosenstock et al.4 have outlined the underlying 
argument which predicts that if a particular molecule is ionized 
by two different methods, provided the internal energy of the 
molecular ion is equilibrated, the decomposition characteristics 
at times > 1 0 - 7 s in both cases should be the same. The two 
methods, EI at 70 eV and FI, provide a particularly stringent 
test of this point. Only the very lowest electronic states are 
expected to be reached by FI whereas EI at 70 eV should also 
yield more highly excited states. Further, even where the dis
tributions of the total excitation energy overlap, the initial 
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