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Concerted motions of residues in proteins have been suggested as 
an important kind of internal motion which may play an essential role 
in biological activity [1,2J. We have made measurements of internal 
motions in lysozyme by laser-induced time-resolved fluorescence depo-
larization with time-correlated single photon counting, using an ex-
trinsic probe, the dye eosin, which forms a one-to-one complex with 
lysozyme by binding in the hydrophobic box region [3,4J of the enzyme. 
This region of the protein is near, but distinct from the active site. 

The time-resolved emission anisotropy, r(t), is related to a 
correlation function of the transition dipole moment in the laboratory 
frame [5J. In lysozyme-eosin complexes, there is a rapid restricted 
motion of the eosin with time constant of 100 ps or less which is seen 
in addition to the overall rotation of the lysozyme [6J. This causes 
r(t) to decay nonexponentially at short times, and the extrapolation 
back to time from the long time (overall tumbling) behavior gives 
a value r(O ) which is less than the true initial value, r(O). The 
extent of the+restricted motion is described by the order 
[7J, S2 = r(O )/r(O). If S2 is unity, the chromophore is fixed with 
respect to the body of the protein; values less than one indicate that 
some restricted motion is occuring. We have measured S2 for the com-
plexes lysozyme-eosin (LE), and lysozyme-eosin-(GlcNAc)3 (LEN3); the 
results are shown in Figure 1a. (GlcNAc)3 is an inhibitor whIch binds 
to the active site of lysozyme. 

Models for the restricted motion can be used to predict S2 values 
which are then compared with experiment. By assuming a temperature-
independent potential of mean force, V(9), which gives the energy as 
a function of the angle that the chromophore makes with respect to a 
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Fig. 1. (a) S2 vs. temperature for the lysozyme-eosin (0) and 
(+). Linear least-squares fits to 

LE (-) and LEN (- -) are given. Also shown are model pre-
dictions from 3S2 (T,Qc,V8,V1); For LE (_.), curve shown has 
Q =8.17°, Vo=2.63 kcaI/m Ie, V1=16.11; for .. ), Q = 

V =3.61, V =11.58. (b) Schematic interpretatioR of 
nonharmoRic potential in multidimensional coordinate space. 

symmetry axis fixed with respect to the protein, we can calculate the 
probability of finding the probe at determined by a Boltzmann 
factor. Following Lipari and Szabo [6], we then calculate S = 
<P?(cosQ». The temperature dependence of S(T) arises from Boltzmann 
activation in the temperature-independent potential V(Q). 

Setting aside the cone model [7], which has no intrinsic tempera-
ture dependence, we have previously given the solution to S2(T) for 
a harmonic potential, and demonstrated that the temperature dependence 
is too weak to fit the LE data [6]. However, our data is well fit by 
the potential shown in Fig. 1b. The parameters of the potential are 
the height of the initial step, VO' the range over which free motion 
occurs, Q , and the value of the potential when Q= TI. We have deter-
mined S2(9,Qo'VO'V1) for this potential, full expressions may be found 
in [8]. 

We interpret Fig 1b as follows. The probe molecule can move un-
hindered over the range 0 to Q. Further motion requires energy 
accumulation in collective modgs of the protein corresponding to 
concerted motions. After accumulation of Vo in the collective modes, 
the vector can again move with increasing Q, and motion becomes rel-
atively unrestricted with an approximately harmonic restoring force. 
From fits to this nonharmonic potential, we find parameter values 
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v = 2.8±0.3 kcal/mole (LE) and 3.6±0.2 kcal/mole (LEN3), and for 
8°±3° (LE) and 6°±2° (LEN3). 

Hydrogen exchange experiments on lysozyme with GlcNAc bound were 
interpreted in terms of an increase in the activation energy required 
for dynamic fluctuations of the enzyme and it was concluded that the 
changes were propagated throughout the protein [9]. NMR studies of 
GlcNAc and binding found restricted conformational mobility 
in the active site compared with the free enzyme [10]. The results 
of this study are consistent with a tightening of the structure of 
the hydrophobic box region upon binding (smaller value of 
9 upon binding), and an increase in the constraining energy (V). 
The changes in these parameters give a quantitative feel for tRe mag-
nitude of the structural changes in the enzyme which are induced by 
binding of the inhibitor. 
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