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The desire to use tryptophan as a fluorescent probe to study protein motion has 
motivated studies on tryptophan in aqueous solutions. Tryptophan’s biexponential 
fluorescence decay in solution has given rise to models which account for this behavior 
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FIGURE 1. Approximate potential energy surface (in kJ/mol) for the x , ,  x2 rotamers. 
304 



ENGH et al.: TRYPTOPHAN STRUCTURE AND DYNAMICS 305 

FIGURE 2. Two typical MD trajectories plotted as a function of x ,  and x2 angles. All x ,  rotamers 
are sampled during each 100-psec trajectory, while no x2 transitions occur. (Top) x 2  = perpendic- 
ular; (bottom) x2 - antiperpendicular. 

by postulating the existence of rotamers about the C,-C, bond. These models require 
that the rotamers do not interconvert during the fluorescence lifetime; this assumption 
has not been verified. Further, there are certain peculiarities in assigning particular 
fluorescence lifetimes to these rotamers on the basis of proximity of the charged 
quenching groups. To address these issues we have used energy minimization and 
classical molecular dynamics as bases for transition rate and population estimates. 
These suggest that the C&, dihedral (x2) determines the fluorescence lifetime for 
equilibrating groups of C,-C, rotamers. 

The energy minimization was similar to that already reported in the literature,'.2 
but with GROMOS charges (for tryptophan in solution) and GROMOS interaction 
potentials. A potential surface for the energies of x,, x2 conformations was generated 
by constraining the dihedrals and minimizing the potential energy of the remaining 
degrees of freedom. Energy barriers between conformers range from about 3 kcal/mol 
to about 8 kcal/mol. The smaller barriers correspond to xI rotations. Seven 100-psec 
classical dynamics trajectories were calculated for the system coupled to a heat bath3 
with a time constant of 0.1 psec (solvent molecules are not explicitly included). During 
these trajectories, only one xz transition was observed (and this was during the 
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equilibration period), whereas x, transitions occurred several times in each simulation. 
In light of these results, a re-evaluation of the xI rotamer models is required. I t  may be 
that the xz dihedral specifies the conformers associated with a particular lifetime, 
while xI rotamers remain in equilibrium during the fluorescence decay. Also sugges- 
tive, but perhaps fortuitous, is the close correspondence between NMR estimates of x2 
population distributions4 and the fluorescence pre-exponential factors5 

ACKNOWLEDGMENTS 

We are grateful to Professor van Gunsteren and Dr. A1 Cross for providing us with 
the GROMOS package and assisting us in using it. 

REFERENCES 

1 .  
2. 
3. 
4. 

5.  

ANDERSON, J. S., G. S. BOWITCH & R. L. BREWSTER. 1983. Biopolymers 2 2  2459-2416. 
VASQUEZ, M., G. NEMETHY & H. A. SCHERAGA. 1983. Macromolecules 1 6  1043-1049. 
BERENDSEN, H. J. C., et al. 1984. J.  Chem. Phys. 81 (8): 3684-3690. 
DEZUBE, B., C. M. DOBSON & C. E. TEAGUE. 1981. J .  Chem. SOC. Perkin Trans. 

PETRICH, J. W., M. C. CHANG, D. B. MCDONALD & G .  R. FLEMING. 1983. J. Am. Chem. 
2 130-135. 

SOC. 105 3824-3832. 


